

  jcm-09-03144




jcm-09-03144







J. Clin. Med. 2020, 9(10), 3144; doi:10.3390/jcm9103144




Article



Evaluation of the Performance of Algorithm-Based Methods for Subjective Refraction



Abinaya Priya Venkataraman *, Delila Sirak, Rune Brautaset and Alberto Dominguez-Vicent





Section of Eye and Vision, Department of Clinical Neuroscience, Karolinska Institute, 17177 Stockholm, Sweden









*



Correspondence: abinaya.venkataraman@ki.se; Tel.: +46-86-723-846







Citation: Venkataraman, A.P.; Sirak, D.; Brautaset, R.; Dominguez-Vicent, A. Evaluation of the Performance of Algorithm-Based Methods for Subjective Refraction. J. Clin. Med. 2020, 9, 3144. https://doi.org/10.3390/jcm9103144



Received: 4 September 2020 / Accepted: 28 September 2020 / Published: 29 September 2020



Abstract


Objective: To evaluate the performance of two subjective refraction measurement algorithms by comparing the refraction values, visual acuity, and the time taken by the algorithms with the standard subjective refraction (SSR). Methods: The SSR and two semi-automated algorithm-based subjective refraction (SR1 and SR2) in-built in the Vision-R 800 phoropter were performed in 68 subjects. In SR1 and SR2, the subject’s responses were recorded in the algorithm which continuously modified the spherical and cylindrical component accordingly. The main difference between SR1 and SR2 is the use of an initial fogging step in SR1. Results: The average difference and agreement limits intervals in the spherical equivalent between each refraction method were smaller than 0.25 D, and 2.00 D, respectively. For the cylindrical components, the average difference was almost zero and the agreement limits interval was less than 0.50 D. The visual acuities were not significantly different among the methods. The times taken for SR1 and SR2 were significantly shorter, and SR2 was on average was three times faster than SSR. Conclusions: The refraction values and the visual acuity obtained with the standard subjective refraction and algorithm-based methods were similar on average. The algorithm-based methods were significantly faster than the standard method.
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1. Introduction


Our vision is determined by both optical and neural factors, and subjective refraction considers these factors to determine the optimal optical correction. The objective refraction only considers the optical factors. Due to this, the subjective refraction which takes into account both optical and neural factors is used to determine the final optical correction. The subjective refraction is often described as the gold-standard method though the procedure varies widely. The methods used to perform subjective refraction mainly vary in terms of steps used to determine best sphere, usage of duochrome, the technique used to determine cylinder and binocular balance. It has been recommended that subjective refraction can be used as a gold standard when new refractive procedures are assessed if the procedure for subjective refraction is fully described [1].



Apart from the neural factors, the difference between the objective and subjective refraction could also be explained by instrument related factors. Comparing the objective and subjective refraction, the accuracy of objective refraction measurement is shown to be good with open-field view autorefractometers [2,3,4]. Instrument myopia can be induced with closed-field view of the autorefractometers and whether there is a fogging step used during autorefractometer measurement [5,6,7]. Image quality metrics based on the wavefront data is also widely used to optimize the objective refraction and predict the subjective image quality [8,9,10,11].



Subjective refraction procedures are time consuming due to the various steps involved and the time taken by the subject to respond. Previous studies that compared the manual subjective refraction procedure with algorithm based automated procedures reported that the latter method was significantly faster [11,12]. In addition to this, the outcome of the manual subjective refraction procedure can be influenced by the examiner’s experience and the criteria set for determining the end point [1,13]. The automation of subjective refraction can optimize both the time spent on refraction and reduce examiner bias. The automated algorithms require the subjective response to be inputted during refraction and based on the response the algorithm decides the subsequent steps [12,14]. A previous study demonstrated a significant reduction in the time spent on subjective refraction with a semi-automatic algorithm from a binocular aberrometer incorporated with a phoropter [12].



There are different automated algorithms available which are incorporated in phoropters. The Vision-R 800 phoropter (Essilor, Paris, France) includes a set of subjective refraction routines where the subjective responses are used by the algorithm to adjust the sphere and cylinder. This phoropter has a possibility to change the power continuously in 0.01 D steps, and also simultaneously change the sphere and cylindrical components when the algorithm-based methods are used.



A combination of the automated algorithm and continuous power change can help to reduce the time spent on refraction as well as provide more precise refraction. With the new algorithms, it is crucial to evaluate the efficiency of the performance. In this study, we evaluated two different algorithms available in Vision-R 800 phoropter. The refraction values, final visual acuity, and the time taken by the algorithms were compared with the standard subjective refraction. We also evaluated the agreement between the refraction values obtained with the objective and the different subjective refraction methods.




2. Material and Methods


2.1. Subjects


This prospective study included 68 subjects (54 females) in the age range of 18 to 40 years. The participants were recruited in the Optometry clinic of the institution. The study followed the tenets of the Declaration of Helsinki, and all participants provided written informed consent and the study was approved by the regional ethics committee. The inclusion criteria to participate in this study were no current use of Ortokeratology lenses, no history of ocular disease including binocular vision disorders or prior ocular surgery, intraocular pressure below 21 mmHg, no pregnancy or lactation currently, and no use of any systemic or ocular medication that could have any impact on the refraction




2.2. Materials


The objective refraction (OR) was measured using the Waveanalyzer 700 (Essilor, France). This instrument uses a Hartmann-Shack sensor to measure the wavefront and calculate the objective refraction. The refraction is measured monocularly under closed-view condition. The subjects were instructed to fixate at the instrument’s internal fixation target during the measurements.



All the subjective refraction evaluations were performed in the Vision-R 800 phoropter. This phoropter contains liquid lenses and allows smooth power change during subjective refraction. With this phoropter both the standard subjective refraction procedure and semi-automated procedures (referred to as smart method) that use in-built algorithms were used to determine the subjective refraction.




2.3. Procedure


In total, three different binocular subjective refraction measurements were performed on each participant: subjective refraction performed without any automated algorithm, which will be referred to henceforth as the standard subjective refraction (SSR) method and two different smart subjective refraction (SR1 and SR2) methods. The OR value was used as the starting point for all three methods. The spherical and cylindrical refinements were done in ±0.25 D steps for SSR and in ±0.10 D steps for SR1 and SR2. All the subjective refraction procedures were performed in the same Vision-R 800 phoropter and the digital screen placed at 5 m. Visual acuity with the OR value was recorded initially.



For the SSR, the method for binocular subjective refraction described in Borish’s clinical refraction [15] was used. After an initial binocular fogging, monocular defogging was performed considering the criteria of maximum plus or minimum minus providing the maximum visual acuity. Then the cylinder was refined with the cross cylinder technique. After the monocular endpoint was determined for both eyes, the binocular balance was checked with fogging and alternate occlusion. The final binocular endpoint was determined by binocular fogging and defogging. In this method, the examiner modified the lenses according to the subject’s response in each step.



The smart methods, SR1 and SR2, are algorithm based subjective refraction procedures. Both methods use the subjective response on visual quality in the algorithm and simultaneously modify the spherical and cylindrical component to reach the endpoint of the subjective refraction. In SR1, after an initial defogging up to the maximum visual acuity, a duochrome test was used for monocular spherical refinement and cross cylinder was used for cylindrical refinement. This was followed by a polarization test for binocular balancing and a binocular duochrome test for the binocular endpoint. SR2 is similar to SR1, except that there was no initial fogging of the examined eye and the duochrome test was performed directly from the starting value. In both SR1 and SR2, the examiner entered the subject’s response and the algorithm automatically modified the lenses accordingly.



The measurements on each subject were conducted on two consecutive days. On one day, the SSR was performed and the two smart tests (SR1 and SR2) were performed on the other day with a five-minute break in between. The order of these was chosen randomly. The OR measurement was carried out on day 1 before the subjective refraction procedures. The examiner followed the steps and criteria for all the subjective refraction procedures in order to avoid bias. All the measurements were performed in the same room with the same illumination. The time taken for each subjective refraction procedure, the final refraction values, and the visual acuity were recorded.




2.4. Statistical Analysis


For further analysis purposes, the objective and subjective refractions were converted into power-vector notation [16] as the following,


  M = S +  C 2   










  J 0 = −  C 2  · cos 2 · α  










  J 45 = −  C 2  · sin 2 · α  











S represents the spherical power, C represents the negative value of the cylindrical power, and α represents the cylinder axis. M, J0 and J45 represent the spherical equivalent and the two cylindrical vectorial component. Only the values from the right eyes were included in the analysis. An ANOVA was also performed to find out whether there were differences among the refraction values, visual acuity with each refraction, and the time taken for the three different subjective refraction procedures. The post-hoc comparison was performed with the Tukey test. The statistical significance limit was set to a p-value < 0.05. A Bland-Altman analysis was used to assess the agreement among the refraction values [17] between the SSR and the other subjective methods. The agreement between the two smart methods (SR1 and SR2) was also performed. All analyses were performed in Matlab.



The sample size required was calculated to be 60 subjects. This was based on the calculations for the sample size for agreement studies for the confidence interval to be 0.05 D for the estimated limits of agreement [18].





3. Results


The average age of the subjects was 25.1 ± 4.1 years. The refraction values from each method, visual acuity, and time taken are summarized in Table 1. The differences between the different methods for M, J0, J45 and visual acuity were not statistically significant (p value: 0.638, 0.827, 0.813, and 0.187 respectively). The times taken for each subjective refraction methods were significantly different (p < 0.05). The times taken for both SR1 and SR2 were significantly less than that of SSR. On average, the SR2 was about three times faster than the SSR.



Figure 1 shows the Bland-Altman comparison of M with the different refraction methods. On average, the M was more positive with SSR by 0.4 and 0.2 D compared to OR and SR2, respectively. The difference between SSR and SR1 was almost zero and between SR1 and SR2 was 0.2 D. The agreement limit interval between the SSR and the other refraction methods was about 1.75 D. For SR1 and SR2, the agreement limit interval was about 1.25 D.



Figure 2 and Figure 3 show the Bland–Altman comparison of J0 and J45 with the different refraction methods. For both J0 and J45, the average difference was almost zero and the agreement limit interval was less than 0.50 D for all comparisons.




4. Discussion


We evaluated the performance of two algorithm-based methods by comparing the outcome with the manual standard method. The algorithm-based methods used in this study differ mainly in terms of the initial fogging steps. On average, the algorithm-based methods provided a similar outcome compared to the standard method, both in terms of refraction value and visual acuity. The average differences in the spherical equivalent component obtained with the different refraction methods was less than 0.50 D. The agreement limit interval for these comparisons was less than 1.75 D. For the cylindrical components, the average difference was close to zero and even the limits of agreement intervals were less than 0.50 D. A notable difference was seen in the time taken for the algorithm-based methods which were significantly faster than the standard method. These results provide information on the efficacy of these algorithm-based methods in determining subjective refraction.



The SSR resulted in less negative M than OR, which is expected as the instrument used for OR measurement was a monocular closed view autorefractometer which can induce proximal myopia [6,19,20,21]. Comparing SR1 with the standard method (SSR), the average difference in the M was almost zero. In SR1, the initial fogging and defogging steps (SR1) was used which is similar to that of SSR. A previous study comparing standard subjective refraction with another algorithm-based procedure which also used the fogging steps showed similar average spherical equivalent values [12]. When the initial fogging steps are skipped (SR2), the standard method provided on average 0.20 D less myopic refraction. Similarly, SR1 which included initial fogging provided less myopic refraction compared to SR2. This could be the consequence of using the OR value as the starting point without subsequent fogging in SR2. The first duochrome test was performed before the cross-cylinder refinement in both algorithm-based methods. It has been reported that the duochrome test performed either before or after cylindrical refinement results in similar spherical outcomes [22]. The SSR method did not use the duochrome test for estimating the spherical end point.



Although the average difference in the spherical equivalent was less than 0.50 D in all of the comparisons performed in this study, this parameter alone does not provide information about the clinical relevance. The limits of agreement interval has to be considered during the interpretation of the results as this is the interval within which 95% of the differences between the measurements can lie. The limits of agreement intervals were about 1.50 to 1.75 D for the comparison of the spherical equivalent between the standard method and the algorithm-based methods (SR1 and SR2). This interval is wide suggesting that the algorithm-based methods can provide more myopic or less myopic refraction. Comparing SSR and SR1, the average difference is zero but SSR can measure up to 0.8 D less myopic or 0.9 D more myopic. For SSR and SR2 comparison, the average difference is 0.2 D but SSR can measure up to 1.0 D less myopic or 0.6 D more myopic. From a clinical point of view, these differences are significant. Based on these results, it can be suggested that when the clinician uses the algorithm-based methods, further refinements might be needed to determine the end point of subjective refraction. The algorithm used in this study has not been evaluated previously. However, the limits of agreement intervals obtained in this study are in the same magnitude as in the previous reports on evaluations of the different subjective procedures (with and without algorithm) and its comparison with the objective procedures [12,23,24].



The algorithm-based methods alter the spherical and cylindrical component simultaneously when required, whereas in SSR this is not done simultaneously. Apart from the other differences between the methods, the continuous and simultaneous change of lenses can also influence the time taken. The present study included young adults (18–40 years) with no other ocular disorders. Both SSR and SR1 include an initial fogging and defogging step which plays a role in accommodation control. The performance with the algorithm-based methods could be different in children and presbyopes. The major advantage of using algorithm-based methods is the shorter time taken compared to the standard method while resulting in similar visual acuity. The shorter time spent on refraction allows more time for further examination of the visual system in clinical practice. The results on the limits of agreement interval suggest that a final spherical refinement step could be added along with the duochrome test. Even with this, the procedure might still be faster compared to the standard subjective refraction methods.



For the cylindrical components J0 and J45, the average difference was close to zero and even the limits of agreement intervals were less than 0.50 D. In this study, the maximum astigmatism included was about 3.0 D. The results might be different in eyes with higher astigmatism or irregular corneas. The algorithms might result in precise outcomes even in such cases as when the cylindrical adjustment is performed simultaneously throughout the procedure. In addition to this, the phoropter allows for further smaller steps (as low as 0.01 D), which can result in better cylindrical refinement in these eyes. The efficacy of refraction performed with smaller increments in power and evaluation of performance in different age groups, high astigmatism, and irregular corneas needs to be evaluated.



In conclusion, the algorithm-based methods evaluated provided similar results on average compared to the standard subjective refraction in terms of the refraction values and visual acuity. The algorithm-based methods are also significantly faster than the standard method.







Author Contributions


Conceptualization: A.P.V., R.B., A.D.-V.; Methodology: A.P.V., D.S., A.D.-V.; Formal analysis: A.P.V., A.D.-V.; Writing—Original draft preparation: A.P.V., A.D.-V.; Writing—Review and editing: A.P.V., D.S., R.B., A.D.-V.; Supervision: A.P.V., A.D.-V. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Elliott, D.B. What is the appropriate gold standard test for refractive error? Ophthalmic Physiol. Opt. J. Br. Coll. Ophthalmic Opt. (Optom.) 2017, 37, 115–117. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Davies, L.N.; Mallen, E.A.H.; Wolffsohn, J.S.; Gilmartin, B. Clinical evaluation of the Shin-Nippon NVision-K 5001/Grand Seiko WR-5100K autorefractor. Optom. Vis. Sci. Off. Publ. Am. Acad. Optom. 2003, 80, 320–324. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Mallen, E.A.; Wolffsohn, J.S.; Gilmartin, B.; Tsujimura, S. Clinical evaluation of the Shin-Nippon SRW-5000 autorefractor in adults. Ophthalmic Physiol. Opt. J. Br. Coll. Ophthalmic Opt. 2001, 21, 101–107. [Google Scholar] [CrossRef] [Scilit]

	



Cleary, G.; Spalton, D.J.; Patel, P.M.; Lin, P.-F.; Marshall, J. Diagnostic accuracy and variability of autorefraction by the Tracey Visual Function Analyzer and the Shin-Nippon NVision-K 5001 in relation to subjective refraction. Ophthalmic Physiol. Opt. J. Br. Coll. Ophthalmic Opt. 2009, 29, 173–181. [Google Scholar] [CrossRef] [Scilit]

	



Wesemann, W.; Dick, B. Accuracy and accommodation capability of a handheld autorefractor. J. Cataract Refract. Surg. 2000, 26, 62–70. [Google Scholar] [CrossRef] [Scilit]

	



Gwiazda, J.; Weber, C. Comparison of spherical equivalent refraction and astigmatism measured with three different models of autorefractors. Optom. Vis. Sci. Off. Publ. Am. Acad. Optom. 2004, 81, 56–61. [Google Scholar] [CrossRef] [Scilit]

	



Zhao, J.; Mao, J.; Luo, R.; Li, F.; Pokharel, G.P.; Ellwein, L.B. Accuracy of noncycloplegic autorefraction in school-age children in China. Optom. Vis. Sci. Off. Publ. Am. Acad. Optom. 2004, 81, 49–55. [Google Scholar] [CrossRef] [Scilit]

	



Hastings, G.D.; Marsack, J.D.; Nguyen, L.C.; Cheng, H.; Applegate, R.A. Is an objective refraction optimised using the visual Strehl ratio better than a subjective refraction? Ophthalmic Physiol. Opt. J. Br. Coll. Ophthalmic Opt. 2017, 37, 317–325. [Google Scholar] [CrossRef] [Scilit]

	



Chen, L.; Singer, B.; Guirao, A.; Porter, J.; Williams, D.R. Image metrics for predicting subjective image quality. Optom. Vis. Sci. Off. Publ. Am. Acad. Optom. 2005, 82, 358–369. [Google Scholar] [CrossRef] [Scilit]

	



Bruce, A.S.; Catania, L.J. Clinical applications of wavefront refraction. Optom. Vis. Sci. Off. Publ. Am. Acad. Optom. 2014, 91, 1278–1286. [Google Scholar] [CrossRef] [Scilit]

	



Rampat, R.; Debellemanière, G.; Malet, J.; Gatinel, D. Using Artificial Intelligence and Novel Polynomials to Predict Subjective Refraction. Sci. Rep. 2020, 10, 8565. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Carracedo, G.; Carpena-Torres, C.; Serramito, M.; Batres-Valderas, L.; Gonzalez-Bergaz, A. Comparison between Aberrometry-Based Binocular Refraction and Subjective Refraction. Transl. Vis. Sci. Technol. 2018, 7, 11. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Bullimore, M.A.; Fusaro, R.E.; Adams, C.W. The Repeatability of Automated and Clinician Refraction. Optom. Vis. Sci. 1998, 75. Available online: https://journals.lww.com/optvissci/Fulltext/1998/08000/The_Repeatability_of_Automated_and_Clinician.28.aspx (accessed on 28 September 2020). [CrossRef] [Scilit] [PubMed]

	



Otero, C.; Aldaba, M.; Pujol, J. Clinical evaluation of an automated subjective refraction method implemented in a computer-controlled motorized phoropter. J. Optom. 2019, 12, 74–83. [Google Scholar] [CrossRef] [Scilit]

	



Benjamin, W.J. (Ed.) Borish’s Clinical Refraction, 2nd ed.; Butterworth-Heinemann: Oxford, UK, 2006. [Google Scholar]

	



Thibos, L.N.; Wheeler, W.; Horner, D. Power vectors: An application of Fourier analysis to the description and statistical analysis of refractive error. Optom. Vis. Sci. Off. Publ. Am. Acad. Optom. 1997, 74, 367–375. [Google Scholar] [CrossRef] [Scilit]

	



Bland, J.M.; Altman, D.G. Measuring agreement in method comparison studies. Stat. Methods Med. Res. 1999, 8, 135–160. [Google Scholar] [CrossRef] [Scilit]

	



McAlinden, C.; Khadka, J.; Pesudovs, K. Statistical methods for conducting agreement (comparison of clinical tests) and precision (repeatability or reproducibility) studies in optometry and ophthalmology. Ophthalmic Physiol. Opt. 2011, 31, 330–338. [Google Scholar] [CrossRef] [Scilit]

	



Cervino, A.; Hosking, S.L.; Rai, G.K.; Naroo, S.A.; Gilmartin, B. Wavefront analyzers induce instrument myopia. J. Refract. Surg. 2006, 22, 795–803. [Google Scholar] [CrossRef] [Scilit]

	



Salmon, T.O.; van de Pol, C. Evaluation of a clinical aberrometer for lower-order accuracy and repeatability, higher-order repeatability, and instrument myopia. Optometry 2005, 76, 461–472. [Google Scholar] [CrossRef] [Scilit]

	



Iuorno, J.D.; Grant, W.D.; Noël, L.-P. Clinical comparison of the Welch Allyn SureSight handheld autorefractor versus cycloplegic autorefraction and retinoscopic refraction. J. AAPOS Off. Publ. Am. Assoc. Pediatr. Ophthalmol. Strabismus 2004, 8, 123–127. [Google Scholar] [CrossRef] [Scilit]

	



Gantz, L.; Schrader, S.; Ruben, R.; Zivotofsky, A.Z. Can the red-green duochrome test be used prior to correcting the refractive cylinder component? PLoS ONE 2015, 10, e0118874. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



McGinnigle, S.; Naroo, S.A.; Eperjesi, F. Evaluation of the auto-refraction function of the Nidek OPD-Scan III. Clin. Exp. Optom. 2014, 97, 160–163. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Shneor, E.; Millodot, M.; Avraham, O.; Amar, S.; Gordon-Shaag, A. Clinical evaluation of the L80 autorefractometer. Clin. Exp. Optom. 2012, 95, 66–71. [Google Scholar] [CrossRef] [Scilit] [PubMed]








[image: Jcm 09 03144 g001] 





Figure 1. Bland-Altmann comparison for spherical equivalent among different refraction procedures. The middle line represents the average difference, the dashed lines represent 95% limits of agreement. OR: Objective refraction, SSR: Standard subjective refraction, SR1 and SR2: the two algorithm-based subjective refraction procedures. 
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Figure 2. Bland-Altmann comparison for cylindrical component, J0 among different refraction procedures. The middle line represents the average difference, the dashed lines represent 95% limits of agreement. OR: Objective refraction, SSR: Standard subjective refraction, SR1 and SR2: the two algorithm-based subjective refraction procedures. 
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Figure 3. Bland-Altmann comparison for cylindrical component, J45 among different refraction procedures. The middle line represents the average difference, the dashed lines represent 95% limits of agreement. OR: Objective refraction, SSR: Standard subjective refraction, SR1 and SR2: the two algorithm-based subjective refraction procedures. 






Figure 3. Bland-Altmann comparison for cylindrical component, J45 among different refraction procedures. The middle line represents the average difference, the dashed lines represent 95% limits of agreement. OR: Objective refraction, SSR: Standard subjective refraction, SR1 and SR2: the two algorithm-based subjective refraction procedures.



[image: Jcm 09 03144 g003]







 





Table 1. Descriptive statistics from the different refraction procedures.
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	OR
	SSR
	SR1
	SR2





	M
	−1.51 ± 2.09
	−1.12 ± 2.07
	−1.07 ± 2.12
	−1.30 ± 2.06



	J0
	0.07 ± 0.33
	0.03 ± 0.31
	0.03 ± 0.31
	0.03 ± 0.31



	J45
	−0.03 ± 0.16
	−0.01 ± 0.15
	−0.01 ± 0.18
	−0.02 ± 0.18



	VA (logMAR)
	−0.18 ± 0.15
	−0.18 ± 0.10
	−0.12 ± 0.20
	−0.18 ± 0.11



	Time (minutes)
	NA
	9.52 ± 1.59
	5.41 ± 0.98
	3.14 ± 0.60







OR: Objective refraction; SSR: Standard subjective refraction; SR1 and SR2: Two algorithm-based subjective refraction procedures; M: Spherical equivalent. Expressed in Dioptres. J0 and J45: Cylindrical vectorial components. Expressed in Dioptres. VA: Visual acuity.
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