Marek Mikielewicz 
  
Konstantin Kotliar 
  
Rafael I Barraquer 
  
Dr Ralph Michael 
email: ralphm@barraquer.com
  
  
Air pulse corneal applanation signal curve parameters for the characterization of keratoconus

Keywords: cornea, keratoconus, cross-linking, intrastromal corneal ring implantation

come    

Air pulse corneal applanation signal curve parameters

for the characterization of keratoconus

INTRODUCTION

Keratoconus (KC) is a non-inflammatory, usually progressive disease with unknown aetiology. It leads to thinning and bulging of the cornea and consequently produces irregular astigmatism and high myopia. Evidence demonstrates that keratoconic corneas are more mechanically compliant than normal corneas, as measured in vivo with the ORA. [START_REF] Shah | Assessment of the biomechanical properties of the cornea with the ocular response analyzer in normal and keratoconic eyes[END_REF][START_REF] Ortiz | Corneal biomechanical properties in normal, post-laser in situ keratomileusis, and keratoconic eyes[END_REF] A biomechanical explanation of KC aetiology has been suggested by Roberts. [START_REF] Roberts | Biomechanics of INTACS in keratoconus[END_REF] It takes into account that a normal cornea is subjected to uniform stress from intraocular pressure, given its uniform thickness. In KC, the cornea has areas of decreased thickness that result in increased local stress in thinner areas. This increased local stress might then cause biomechanical instability of the cornea, which may lead to further thinning and worsening of the condition. KC diagnosis is based on slit-lamp examination and additional tests, such as pachymetry, keratometry and corneal topography. Recently, investigators have attempted to assess the biomechanical properties of the cornea in vivo. This could constitute an additional tool in KC diagnostics, especially in the early stages of the disease and during KC treatment follow-up care. Currently, there is only one commercially available medical device that can presumably estimate the biomechanical properties of the cornea in vivo: the Ocular Response Analyzer (ORA). [START_REF] Luce | Determining in vivo biomechanical properties of the cornea with an ocular response analyzer[END_REF] It is an airpulse tonometer that uses a bidirectional applanation process to determine intraocular pressure. In addition, it assesses parameters related to biomechanical properties of the eye. The most established parameters are corneal hysteresis (CH) and corneal resistance factor (CRF). [START_REF] Luce | Determining in vivo biomechanical properties of the cornea with an ocular response analyzer[END_REF] Page: 4 [START_REF] Fournie | Corneal collagen cross-linking with ultraviolet-A light and riboflavin for the treatment of progressive keratoconus[END_REF] It has been shown that CH and CRF values are lower in glaucoma, [START_REF] Shah | Assessment of the biomechanical properties of the cornea with the ocular response analyzer in normal and keratoconic eyes[END_REF][START_REF] Pepose | Changes in corneal biomechanics and intraocular pressure following LASIK using static, dynamic, and noncontact tonometry[END_REF][START_REF] Spoerl | Biomechanical condition of the cornea as a new indicator for pathological and structural changes[END_REF] Fuchs dystrophy [START_REF] Luce | Determining in vivo biomechanical properties of the cornea with an ocular response analyzer[END_REF][START_REF] Buey | Biomechanical properties of the cornea in Fuchs' corneal dystrophy[END_REF] and keratoconic eyes. [START_REF] Shah | Assessment of the biomechanical properties of the cornea with the ocular response analyzer in normal and keratoconic eyes[END_REF][START_REF] Ortiz | Corneal biomechanical properties in normal, post-laser in situ keratomileusis, and keratoconic eyes[END_REF] Piñero et al. [START_REF] Pinero | Corneal biomechanics, refraction and corneal aberrometry in keratoconus: an integrated study[END_REF] found a moderate correlation between CRF and optical aberrations in KC but not CH. Schweitzer et al. [START_REF] Schweitzer | Screening of forme fruste keratoconus with the ocular response analyzer[END_REF] suggested that CH and CRF provide additional information when screening for forme fruste KC.

They also found that ORA's air pressure levels at inward and outward applanation are lower and shorter in time. However, CH and CRF are insufficient in identifying suspect keratoconus corneas. [START_REF] Saad | Biomechanical properties of keratoconus suspect eyes[END_REF] Following suggestions by clinicians, the manufacturer of the ORA developed 37 additional parameters that quantitatively describe several aspects of the applanation response during ORA measurement. Detailed analysis of ORA's response curves in KC, using these parameters, may provide additional information on corneal biomechanical properties and their KC-related alterations.

In this study, we tested the usability of these additional ORA parameters to distinguish between KC and normal eyes, assess the severity of disease and measure the changes brought about by treatment with cross-linking (CXL) and intrastromal corneal rings (ICR). The additional parameters were also compared with the standard ORA parameters: CH and CRF.

METHODS

In total, 119 subjects were included in the study: 48 normal, healthy controls (mean age: 33 years) and 71 keratoconus (KC) patients prior to any treatment (mean age: 27 years).

Patients with previous corneal surgery or concurrent ocular disease were not included. KC patients were classified into four severity groups according to the Krumeich grading Page: 5 [START_REF] Fournie | Corneal collagen cross-linking with ultraviolet-A light and riboflavin for the treatment of progressive keratoconus[END_REF] system. [START_REF] Krumeich | Live-epikeratophakia for keratoconus[END_REF] Krumeich's classification uses refractive data (cylinder and sphere), mean corneal curvature (Kmean) and minimum corneal thickness for grading. Patient distribution according to these stages is as follows: stage I (n=20), stage II (n=34), stage III (n=14) and stage IV (n=3). In the KC patient group, 22 patients were treated with riboflavin/UVA-induced collagen cross-linking [START_REF] Wollensak | Riboflavin/ultraviolet-a-induced collagen crosslinking for the treatment of keratoconus[END_REF] (CXL) and 39 patients were treated with intrastromal corneal rings (ICR). All these patients were evaluated at 4 months after treatment. CXL and ICR were only performed in patients with clear central corneas and contact lens intolerance. Indications for CXL were incipient and progressive keratoconus; indications for ICR were medium to advanced non-progressing keratoconus. The CXL procedure included topical anaesthesia, total corneal de-epithelisation, instillation of riboflavin 0.1% solution, slit lamp check of riboflavin penetration and irradiation with UVR-A at 365 nm and 3.0 mW/cm 2 for 30 minutes using the Vega CBM X-Linker® (CSO S.r.l., Florence, Italy). During irradiation, riboflavin 0.1% was applied every 5 minutes and topical anaesthesia every 10 minutes. Subsequently, the ocular surface was rinsed with BSS, and a soft therapeutic contact lens was applied. The ICR procedure had to be adapted to the corneal topography of each patient and was not equal in all cases. We mainly used Keraring ICR with two arcs (90% of the cases); otherwise, we used Intacs or Keraring with one arc. The size of the arcs was 160 degrees in 80% of the cases and 90 degrees otherwise. Thickness was 250 µm in the majority of the cases but varied between 100 and 300 µm.

The Ocular Response Analyzer (ORA) (Reichert Ophthalmic Instruments, Depew, N.Y., USA) is an air-pulse tonometer that assesses four basic parameters: cornea Page: 6 [START_REF] Fournie | Corneal collagen cross-linking with ultraviolet-A light and riboflavin for the treatment of progressive keratoconus[END_REF] corrected intraocular pressure (IOP), Goldman-simulated IOP, CH and CRF (software version 1.1). An infrared electro-optical system monitors the corneal inward and outward movements induced. [START_REF] Luce | Determining in vivo biomechanical properties of the cornea with an ocular response analyzer[END_REF] Two specific pressure values are used for further calculations; pressure P1, corresponding to the first inward applanation, and pressure P2, corresponding to the second outward applanation. [START_REF] Luce | Determining in vivo biomechanical properties of the cornea with an ocular response analyzer[END_REF] CH is calculated as (P1 -P2) * K1, with factor K1 derived from IOP calibrations. CRF is calculated as (P1 -0.7*P2) * K2, with factor K2 derived by the manufacturer by forcing CRF = CH in the large normal population. Corneal hysteresis (CH) is a measure of viscous damping in the cornea, which is caused by the amount and viscosity of glycosaminoglycans and proteoglycans as well as collagen-matrix-interactions. [START_REF] Spoerl | Biomechanical condition of the cornea as a new indicator for pathological and structural changes[END_REF] The corneal resistance factor (CRF) characterises the overall resistance of the cornea to deformation; it consists of viscous damping and elastic resistance. [START_REF] Spoerl | Biomechanical condition of the cornea as a new indicator for pathological and structural changes[END_REF][START_REF] Chen | Corneal biomechanical measurements before and after laser in situ keratomileusis[END_REF] The standard procedure includes the measurement of the patient's eye four consecutive times. Software version 1.1 generates the results of these four measurements along with the mean values of all parameters. With the introduction of new software in 2009 (version 2.0), the ORA computes 37 new parameters that describe the waveform of the ORA response curve. The first set of these additional parameters (n=23) describes the upper 75% of the peak height in the response curve with respect to the area under the curve (p1area, p2area), the upward slope (uslope1, uslope2), the downward slope (dslope1, dslope2), width (w1, w2), height (h1, h2) and aspect ratio of the peaks (aspect1, aspect2), the path length around the peaks (path1, path2), the roughness of the peaks (aindex, bindex) and the roughness of the region between the peaks (aplhf) as well as six more specific parameters (dive1, dive2, mslew1, mslew2, slew1 and slew2).

A second set of parameters (n=14) has the same description as the first set but considers Page: 7 [START_REF] Fournie | Corneal collagen cross-linking with ultraviolet-A light and riboflavin for the treatment of progressive keratoconus[END_REF] only the upper 50% of the peak height (p1area1, p2area1, aspect11, aspect21, uslope11, uslope21, dslope11, dslope21, w11, w21, h11, h21, The ORA calculates a waveform score, which is used to select the best measurement value of each parameter out of the four measured. We used these best measurement values for our analysis, as recommended by the manufacturer. In the ORA, the air pulse always takes 25 ms, and the air pressure is adjusted accordingly. Therefore, the time of the first and second peaks varies for the measurements. To assess this variation, we derived three new temporal parameters describing the temporal characteristics of the waveform: the time of the first peak (time1), the time of the second peak (time2) and the time interval between both peaks (deltatime).

In summary, we included in our evaluations the standard CH and CRF parameters, the additional waveform parameters from ORA software 2.0 and our new temporal parameters, a total of 42 parameters. First, we evaluated the ability to distinguish between KC patients and controls. We selected a subgroup of KC patients at stage I Page: 8 [START_REF] Fournie | Corneal collagen cross-linking with ultraviolet-A light and riboflavin for the treatment of progressive keratoconus[END_REF] (n=20) and stage II (n=34) and compared the subgroup with an age-matched control group (n=48). Receiver operating characteristic (ROC) curves were calculated and quantified using the area under the curve (AUC) for each parameter. To evaluate ORA's ability to gradually distinguish KC severity, we performed correlation analysis between all parameters and the four Krumeich stages using one (randomly chosen) eye from each of the 71 KC patients. Normal data distribution was tested using the Kolmogorov-Smirnov test. For normally distributed parameters, Pearson correlation was used. In other cases, the non-parametric Spearman correlation was used. The effect of CXL treatment and intrastromal ring implantation on the ORA parameters was tested by comparing the difference before treatment and 4 months after treatment using the Student's t-test for normally distributed parameters and the non-parametric Wilcoxon test for non-normal parameters. Boxplots with median, interquartile range (box) and the 75 percentile range (error bars) are used in graphical representations. Confidence coefficients were set to 0.95.

RESULTS

Of the 42 parameters, 12 showed excellent ability to distinguish between KC (stages I and II only) and control eyes, as judged by the area under the ROC curve (AUC) greater than 0.9 (table 1 and figure 1). The standard CRF and CH parameters were among the 12 parameters. CRF and p2area had the highest AUC values (both 0.968). Six parameters showed poor results, with AUC less than 0.7.

Page: 9 [START_REF] Fournie | Corneal collagen cross-linking with ultraviolet-A light and riboflavin for the treatment of progressive keratoconus[END_REF] Of the 42 parameters, 21 were normally distributed (table 1). Considering all four KC stages, 14 parameters significantly correlated with KC severity (table 1). However, the correlations between the KC stages and the parameters were only moderate or weak, with r correlation coefficients between 0.533 and 0.239. The six best parameters (highest r correlation coefficient) were CRF, p2area1, p2area, CH, dive1 and path2, as illustrated in figure 2. For controls and cases at stage I, the parameters changed as follows: CRF from 11.1 to 8.0 (27% decrease); p2area from 3410 to 1879 (45% decrease); p2area1 from 1483 to 799 (46% decrease); CH from 11.0 to 9.0 (18% decrease); dive1 from 488 to 350 (28% decrease); and path2 from -25.7 to -28.1 (9% increase).

After CXL treatment, only 2 parameters, p2area and time1, showed significant differences between preoperative and postoperative values (table 1 and figure 3a). For p2area, we found a median 8% decrease (interquartile range: 26%), and for time1 we found a 2% increase (interquartile range: 3%). In patients treated with ICR, statistically significant differences were found for five parameters: aplhf, uslope11, w11, path11, time1 and deltatime (table 1 and figure 3b). Some of these parameters showed a large variation: aplhf, uslope, w11 and path11 (mean interquartile range: 42%). Two others demonstrated low variation: time1 and deltatime (mean interquartile range: 6%). CH and CRF had not changed significantly 4 months after treatment with CXL or ICR.

DISCUSSION

Page: 10(18)

To analyze the correlation of certain diagnostic parameters with disease stages and follow up with effective treatment, normal distribution of the parameters is desirable.

The assumption of normal distribution allows the use of parametric tests that have more statistical power and provide more precise estimates. Of the 42 parameters studied, 21 were normally distributed (table 1). Normally distributed parameters are preferable in determining clinical conclusions.

ORA's standard CRF parameter demonstrated the greatest ability to distinguish between the early stages of KC and normal eyes (figure 1 andtable 1). When examining the correlation between KC stages, CRF again demonstrated the best results when taking into account the correlation coefficient, followed by the parameters quantifying the area under the second peak of the signal curve (p2area and p2area1) and CH. When considering the magnitude of the change from control to KC stage I, the area under the second peak is superior (45% decrease), followed by dive1 (28% decrease) and CRF (27% decrease) (figure 3). This confirms earlier studies [START_REF] Shah | Assessment of the biomechanical properties of the cornea with the ocular response analyzer in normal and keratoconic eyes[END_REF][START_REF] Ortiz | Corneal biomechanical properties in normal, post-laser in situ keratomileusis, and keratoconic eyes[END_REF] that showed that CRF and CH values in keratoconus patients are significantly lower than in normal subjects. The importance of CRF and its superior value compared with CH is also consistent with the findings of Piñero et al., which suggest that CRF best correlates with optical aberrations in KC. The decrease of the area under the second peak in KC has been previously noted qualitatively by clinicians. [START_REF] Saad | Biomechanical properties of keratoconus suspect eyes[END_REF] Since the ORA claims to use its main parameters, CH and CRF, to measure biomechanical properties of the cornea, including pure material properties of the corneal tissue (which are presumably affected after CXL) and structural biomechanical properties of the whole cornea (which are affected after ICR), we expected to see Page: 11 [START_REF] Fournie | Corneal collagen cross-linking with ultraviolet-A light and riboflavin for the treatment of progressive keratoconus[END_REF] changes in ORA measurement after both treatments. However, we found that both CH and CRF were unaffected at 4 months after CXL or ICR treatment. With respect to ICR, this is the same result Dauwe et al. [START_REF] Dauwe | Biomechanical and morphological corneal response to placement of intrastromal Page: 16(18) corneal ring segments for keratoconus[END_REF] reported for 6 months after treatment. ORA samples data from the central pupillary zone of the cornea. The stiff ICR is inserted into the peripupillary region. This might explain why CH and CRF do not change after ICR implantation, assuming that both parameters measure pure material properties of the cornea. In ex vivo experiments, it has been shown that CXL changes the elastic properties of the cornea. [START_REF] Wollensak | Stress-strain measurements of human and porcine corneas after riboflavin-ultraviolet-A-induced cross-linking[END_REF] In vivo measurements after CXL by Vinciguerra et al. [START_REF] Vinciguerra | Intra-and postoperative variation in ocular response analyzer parameters in keratoconic eyes after corneal cross-linking[END_REF] demonstrated an initial increase in CH, from 9.7 preoperative to 12.5 at 1 month, and a subsequent decrease at 1 year to 9.6. This is very similar to CRF, which increases from 9.0 preoperative to 12.5 at 1 month then falls to 9.0 at 1 year. Other groups report similar results, with no significant changes in CH and CRF between 3 and 18 months after CXL, compared with preoperative values. [START_REF] Spoerl | Biomechanical condition of the cornea as a new indicator for pathological and structural changes[END_REF][START_REF] Goldich | Can we measure corneal biomechanical changes after collagen cross-linking in eyes with keratoconus?--a pilot study[END_REF][START_REF] Fournie | Corneal collagen cross-linking with ultraviolet-A light and riboflavin for the treatment of progressive keratoconus[END_REF] Our finding of "no treatment effect" for CH and CRF at 4 months postoperative may indicate that the return to preoperative values occurs between 1 and 4 months after CXL treatment.

We found that, apart from the constant CH and CRF, only a few of the additional parameters showed a treatment effect (figure 3 and table 1). The waveform parameters among them, however, demonstrated large variations between cases (p2area, aplhf, uspole11, w11 and path11). The new temporal parameters had smaller variations but also demonstrated smaller change after treatment (time1 and deltatime) (figure 3). The important question is why do ORA parameters distinguish between KC and normal eyes very well but are very little affected by CXL or ICR treatment. It has been shown that mean best corrected visual acuity after the CXL and ICR treatments improves by about 0.15 logMAR at two years and remains stable for at least up to 4 years. [START_REF] Raiskup-Wolf | Collagen crosslinking with riboflavin and ultraviolet-A light in keratoconus: long-term results[END_REF][START_REF] Vinciguerra | Intraoperative and postoperative effects of corneal collagen cross-linking on progressive keratoconus[END_REF][START_REF] Alio | Intracorneal ring segments for keratoconus correction: long-term follow-up[END_REF] The Page: 12 [START_REF] Fournie | Corneal collagen cross-linking with ultraviolet-A light and riboflavin for the treatment of progressive keratoconus[END_REF] mean cylinder at 2 years after CXL and ICR treatment decreases by about 1 diopter and remains stable or slightly improves at up to 4 years. [START_REF] Raiskup-Wolf | Collagen crosslinking with riboflavin and ultraviolet-A light in keratoconus: long-term results[END_REF][START_REF] Vinciguerra | Intraoperative and postoperative effects of corneal collagen cross-linking on progressive keratoconus[END_REF][START_REF] Alio | Intracorneal ring segments for keratoconus correction: long-term follow-up[END_REF][START_REF] Colin | Intacs for the correction of keratoconus: two-year follow-up[END_REF] There are several possible explanations for the absence of relevant changes in ORA measurements after treatment with CXL and ICR. Since 80% of corneal volume depends on hydrated proteoglycans, [START_REF] Hedblom | The role of polysaccharides in corneal swelling[END_REF] only up to 20% of deformation in response to the force of the ORA's air puff should result from elastic biomechanical collagen fibril behaviour. Spoerl et al. [START_REF] Spoerl | Biomechanical condition of the cornea as a new indicator for pathological and structural changes[END_REF] suggested that the air pulse of the ORA estimates the viscoelastic properties of the ground substance of the cornea, consisting of proteoglycans and glycosaminoglycans, and not the collagen matrix. This would explain the "no treatment" effect after CXL, which cross-links the collagen fibres and not the ground substance. Also, the ICR does not change the ground substance; hence, the "no treatment" effect is seen by the ORA.

It cannot be excluded that ocular structures other than the cornea are involved in the response measured by ORA. Cigarette smoking, which is negatively correlated with keratoconus [START_REF] Spoerl | Cigarette smoking is negatively associated with keratoconus[END_REF] probably cross-links the cornea as well as the sclera, and it has indeed been shown to affect CRF and CH. [START_REF] Hafezi | Smoking and corneal biomechanics[END_REF] In a recent study by Iomdina et al. (Acta Ophthalmol 2009; 87: Suppl 244: EVER Abstract 2154), CH decreased to a similar extent in glaucomatous eyes and eyes with higher and moderate myopia, compared with control eyes. Since there is no evidence of similar alterations of elastic corneal properties in these pathologies, Iomdina et al. hypothesized that CH might relate to the biomechanical properties of the cornea and sclera.

Page: 13 [START_REF] Fournie | Corneal collagen cross-linking with ultraviolet-A light and riboflavin for the treatment of progressive keratoconus[END_REF] That the air pulse applanation procedure of the ORA can distinguish very well between KC and normal eyes could be explained by alterations of the elastic properties of the sclera in KC, which indeed has been shown in keratoconic eyes. [START_REF] Kopaeva | Clinical and morphological aspects of the state of the sclera in various types of genetically determined corneal changes[END_REF] However, not all the studies have shown significant alterations in the corneal elasticity in KC: an in vitro study by Nash et al. [START_REF] Nash | Comparison of mechanical properties of keratoconus and normal corneas[END_REF] did not find measurable differences in the elastic behaviour of normal and KC corneas under physiologically relevant stress levels.
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  path11 and path21) (Taylor DT, Acta Ophthalmol 2008; 86: Suppl 243: EVER Abstract 5251). The manufacturer does not provide specific explanations of each parameter, only general ideas, such as the following: The area under the curve (p1area and p2area) is proportional to the time needed to change from the convex to concave form of the cornea and vice versa. Small values of p1area and p2area represent rapid change and mean that the cornea shows less damping. The roughness of the peaks (aindex, bindex) and the roughness of the region between the peaks (aplhf) are related to the noise of the measurement. Higher values indicate more noise and more local imperfections in the cornea. Lower values indicate less noise and fewer micro movements, hence a softer cornea.
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  Figure 1

Table 1 .

 1 ORA parameters: KC vs. controls (ROC), normal distribution test, correlation with KC stages and treatment effects after CXL and ICR ROC (AUC)... Receiver Operating Characteristic (area under the ROC curve) ** Kolmogorov-Smirnov test of normality; non-significant result (p>0.05) indicates normality of the data set r -Correlation coefficient; negative values indicate inverse correlation p -Significance of the correlation; values of p<0.05 are considered significant For parameters with normal distribution, the Pearson correlation and Students t-test were used. In all other cases, the Spearman correlation and Wilcoxon rank test were used. Significant results are shown in bold.

		ROC	Normality test	Correlation	Correlation	CXL effect	ICR effect
	ORA parameter	(AUC)*	(p)**	stages (r)	stages (p)	(p)	(p)
	CRF	0.968	0.200	-0.533	<0.001	0.215	0.168
	CH	0.900	0.200	-0.445	<0.001	0.957	0.107
	aindex	0.724	0.000	-0.101	0.402	0.114	0.561
	bindex	0.690	0.000	-0.307	0.009	0.376	0.773
	p1area	0.958	0.008	-0.233	0.050	0.338	0.225
	p2area	0.968	0.200	-0.450	<0.001	0.020	0.910
	aspect1	0.817	0.186	-0.204	0.088	0.648	0.963
	aspect2	0.762	0.001	-0.123	0.305	0.858	0.132
	uslope1	0.861	0.200	-0.299	0.011	0.437	0.127
	uslope2	0.824	0.200	-0.163	0.173	0.177	0.267
	dslope1	0.738	0.002	-0.154	0.201	0.833	0.889
	dslope2	0.714	0.000	-0.079	0.514	0.758	0.118
	w1	0.620	0.000	-0.066	0.582	0.889	0.745
	w2	0.644	0.000	-0.173	0.150	0.163	0.146
	h1	0.923	0.200	-0.338	0.004	0.188	0.976
	h2	0.933	0.071	-0.343	0.003	0.668	0.067
	dive1	0.885	0.200	-0.409	<0.001	0.100	0.926
	dive2	0.920	0.099	-0.219	0.066	0.591	0.088
	path1	0.795	0.040	0.036	0.764	0.833	0.086
	path2	0.715	0.044	-0.365	0.002	0.200	0.717
	mslew1	0.862	0.200	-0.239	0.044	0.191	0.172
	mslew2	0.833	0.005	-0.036	0.764	0.291	0.507
	slew1	0.857	0.200	-0.322	0.006	0.611	0.219
	slew2	0.812	0.200	-0.151	0.208	0.256	0.404
	aplhf	0.886	0.000	-0.135	0.262	0.558	0.013
	p1area1	0.934	0.000	-0.209	0.080	0.445	0.052
	p2area1	0.962	0.200	-0.470	<0.001	0.125	0.667
	aspect11	0.700	0.001	-0.231	0.053	0.733	0.264
	aspect21	0.726	0.054	-0.149	0.215	0.634	0.656
	uslope11	0.776	0.200	-0.358	0.002	0.500	0.047
	uslope21	0.782	0.009	-0.201	0.093	0.506	0.219
	dslope11	0.622	0.002	-0.083	0.489	0.685	0.615
	dslope21	0.615	0.200	-0.134	0.266	0.710	0.715
	w11	0.746	0.000	0.051	0.674	0.851	0.041
	w21	0.720	0.000	-0.208	0.082	0.585	0.843
	h11	0.923	0.200	-0.338	0.004	0.188	0.976
	h21	0.933	0.071	-0.343	0.003	0.668	0.067
	path11	0.749	0.200	-0.030	0.804	0.932	0.047
	path21	0.694	0.001	-0.137	0.255	0.223	0.834
	time1	0.934	0.184	-0.086	0.476	0.028	0.002
	time2	0.769	0.000	-0.212	0.076	0.844	0.061
	deltatime	0.846	0.030	0.061	0.613	0.360	0.001

*
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