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Abstract

Background: Historically, two clinical methods have been used for measuring the amplitude of accommodation, which are the push-up and minus lens methods. However, it has been documented that the push-up method overestimates amplitude of accommodation, while the minus lens method underestimates it.

Aim: The purpose of this study was to compare subjective and objective procedures for determining the monocular amplitude of accommodation in young optometry students.

Setting: The study was conducted in the optometry clinic at the university.

Methods: Amplitude of accommodation was measured on 45 optometry students (17 males and 28 females, whose ages ranged from 21 to 27 years) using the push-up, push-down, minus lens, modified dynamic retinoscopy and Pascal dynamic retinoscopy methods. Data were collected by three different examiners in this study. One examiner measured all the subjective tests, while another examiner measured the modified dynamic retinoscopy. The third examiner measured the Pascal heterodynamic retinoscopy.

Results: The highest amplitude of accommodation was obtained using the push-up method (10.23 ± 1.67 D), while the minus lens method gave the lowest subjective finding (8.43 ± 1.68 D). However, the subjective methods generally produced comparable results. Both retinoscopic methods showed the lowest mean amplitude of accommodation of approximately 6.50 ± 1.40 D. However, there was a high correlation between the various methods.

Conclusion: The push-up and push-down methods overestimate the true amplitude of accommodation because of the relative magnification, while the minus lens method creates an abnormal viewing environment in which the target is stationary but the stimulus becomes increasingly minified. Subjective amplitude of accommodation is an inadequate measure to assess any true accommodation because it fails to differentiate between passive depth of focus and an active accommodative power change in the eye. Therefore, subjective measurement of the amplitude of accommodation may suggest that accommodation is present when it is not. Further research is needed to further validate dynamic retinoscopy as the optimal or best possible routine clinical method to assess the true amplitude of accommodation.
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Introduction

The eye is one of the human body organs which may not effectively carry out its main function of providing clear and comfortable vision even though it appears healthy.1,2,3 The healthy eye alone does not always guarantee provision of clear and comfortable vision for an individual for a given fixation distance. Accommodation in the eye is one of the systems that play a significant role in the formation of a clear retinal image.1 The accommodative system of the human eye is one of the several highly complicated functions necessary to execute and carry out very fine and detailed near work.

Accommodation can be defined as an increase in the dioptric or refractive power of the eye to focus clearly on objects at various distances.1,2,3,4,5,6,7 An increase in the optical system of the eye occurs because of an increase in the anterior and posterior surface curvatures of the crystalline lens resulting from contraction of the ciliary muscle.8,9,10,11,12,13 The radius of curvature of the anterior surface of the crystalline lens reduces by 0.33 mm per dioptre of accommodation, while the posterior surface reduces by 0.15 mm per dioptre of accommodation.4

The greatest increase in refractive change an eye can undergo or the maximum amount of accommodation that can be exerted is called the amplitude of accommodation or accommodative amplitude.1,2,3,4,5,6,7 Amplitude of accommodation (AA) changes as a function of age from at least the early teenage years,14,15,16,17,18,19,20,21,22,23,24 with presbyopic symptoms starting to occur at about 40 to 45 years of age, when the accommodative reserve becomes insufficient to maintain focus on near objects. The pre-presbyopic symptoms manifest early in hyperopes and in emmetropes at about 40 years of age.21 The loss of AA progresses until about 55–60 years when accommodation is completely lost or a presbyopic person has essentially zero AA.24 However, subjective measurement methods imply that some AA (approximately 1 D) persists beyond 60 years of age, whereas objective findings indicate that the AA reaches zero around 55 years of age.21,22,24

Amplitude of accommodation is measured clinically using various subjective methods (push-up, push-down and minus lens).21,22,23,24 Although these measurements provide important information about the AA, they do not accurately measure the accommodative optical change that occurs in the eye. Recent studies have utilised objective methods to quantify the magnitude of refractive change of the eye to more accurately and precisely depict accommodative ability.25,26,27,28,29 These studies demonstrate that the subjective methods overestimate the true AA of the eye because of depth of focus, target size, illumination, end-point criteria, proximal cues, pupil size and subject variability.30,31,32,33,34

Objective tests of the AA can possibly differentiate true AA from pseudo accommodation or other possible confounding factors. In view of the paucity of studies, the purpose of this study was to compare subjective and objective methods of stimulating and measuring AA in young pre-presbyopic (21–27 years old) optometry students to understand the benefit and drawbacks of each method. Given the ease of performing the subjective measurements, a useful conversion equation can be derived to convert the clinically utilised subjective measurement to accurately approximate AA values determined objectively.

Methods

This study was carried out in the optometry clinic at the university between March and July 2017. Subjects included 17 males and 28 females ranging in age from 21 to 27 years. Measurements of the AA were obtained from 45 healthy final-year optometry students that met the inclusion criteria. Informed consent was obtained from each subject after a thorough explanation of the purpose, objectives, procedures and the possible results. Subjects were given an opportunity to ask about the research study. The study was conducted according to the tenets of the Declaration of Helsinki. The inclusion criteria included subjects with visual acuity of 6/6 or better in each eye at 6 m and 0.4 m (40 cm) with no amblyopia, strabismus, history of corneal trauma or ocular pathology and not taking any medications which are known for interfering with accommodation.

Before measuring and recording the AA measurements, the refractive error of each subject was determined using static retinoscopy and subsequently refined with the subjective refraction (including the Jackson cross cylinder method) and balanced using the prism dissociation test. Subjects included 31 emmetropic, 3 myopic, 7 hyperopic and 4 astigmatic participants. The measured refractive correction for each participant was worn for all AA measurements because of the fact that a myope would give a false high reading and a hyperopia a low one.1,2,3 Monocular AA was then measured using the five different methods: three subjective (push-up, push-down and minus lens-to-blur) and two objective (modified dynamic retinoscopy and Pascal heterodynamic retinoscopy) methods. AA data were obtained by three experienced optometrists (LM, NM and MN). Results were recorded by an assistant research student. Each test was performed monocularly but only the results of the right eyes are presented here.

The procedures were performed in a triple masked fashion by experienced clinicians with more than 15 years of experience to prevent inter-examiner variability. One examiner performed the subjective testing of AA, whereas the other two examiners determined the AA objectively in all subjects. MN always determined the AA using the modified dynamic retinoscopy method and NM the Pascal dynamic retinoscopy method. Neither examiner knew the other examiner’s results. The end-point criteria were defined as the neutral reflex when no movement could be seen. To assess the repeatability, a pilot study was conducted on five subjects drawn from the third-year optometry students. Measurements were performed using all five procedures by a single examiner (SD). The five methods are described individually below.

Push-up method

This is the most common and simplest method to measure the AA. It is also called the Donder’s method because it was first described by Donders in 1864.14,31 In this method, the target (line of letters) through the appropriate distance correction is moved towards the patient until blur of the target is reported.24,32,35,36,37,38,39,40,41 In this study, the refractive correction was placed in a trial frame. With the left or right eye occluded, the subject’s attention was directed to a 20/20 line of letters on a handheld reduced Snellen chart at a distance of approximately 40 cm. Subjects or participants were instructed to keep the letters as clear as possible and to report when letters became blurred. The target was then gradually moved at a rate of approximately 5 cm/s towards the subject’s fixing eye until sustained blur of the letters was reported. Subjects were repeatedly asked if the target was still clear as it was moved towards their eyes and to report immediately as soon as it became a little bit blurry or fuzzy. The end-point was the first, slight, sustained blur, which could not be cleared after 2 or 3 s of viewing.1 When the first slight sustained blur was achieved, the target is at the eye’s near point. The distance from the target (where blur was sustained) to the spectacle plane was measured with a millimetre ruler and converted to dioptres, and recorded as the subjective AA. The test was performed twice per eye and the average result was recorded as the amount of the AA. The level of illumination remained relatively constant by moving the overhead lamp as the target was moved. (The overhead lamp was being moved by the assistant research student as the examiner was performing the procedure).

Push-down method

The push-down or pull-away method is a variation or alteration of the push-up method in which the target was placed very close to the subject and then slowly pushed away until the target could be identified.35,36,37,38,39,40,41,42 With the distance refractive correction placed in a trial frame and the left or right eye occluded, the accommodative target (20/20 line of letters) was initially positioned close to the trial frame and subjects were asked to push the handheld reduced Snellen chart away at a rate of approximately 5 cm/s until a 20/20 line of letters could just be seen clearly and sharply or become readable. Again, the distance from the target to the spectacle plane was measured and converted to dioptres. This procedure was performed twice per eye and the average result recorded as the AA. This procedure took approximately 30 s to complete per subject. The speed of the target was the same as that for the push-up method. The overhead lamp was moved by the assistant research student.

Minus lens-to-blur method

The distance refractive correction was introduced into the phoropter and the test was performed monocularly. A reduced Snellen chart was placed in front of the phoropter at a fixed viewing distance of 40 cm, corresponding to a stimulus of 2.50 D. Subjects were instructed to keep the illuminated letters clear and sharp and to report the first noticeable sustained blur that could not be cleared by further conscious effort. Minus lenses in 0.25 D steps were introduced over the distance correction. When the letters became and remained blurred, the AA was recorded as 2.50 D (the dioptric equivalent of the working distance) plus the amount of minus lens power added, ignoring the minus sign. It took about 1 min to complete this procedure per participant.

The minus lens method is routinely performed with the target at 40 cm; however, some authors prefer 33 cm.40,41,42,43,44,45 Placing the target at 33 cm rather than 40 cm is believed to make the target appear smaller and may make the patient more sensitive to identifying the first noticeable blur, and this may reduce the possibility of getting underestimated AA. Scheiman and Wick46 believes that placing the target at 33 cm is done to compensate for the effect of minification but only 2.50 D not 3.00 D should be added to the obtained AA result. However, in this study a 40 cm distance was used and 2.50 D was added not 3 D.

The push-up and the push-down methods can all be measured under monocular and binocular conditions but the minus lens method should only be performed under monocular conditions because it can result in an excess of accommodative convergence which could disrupt the binocularity.46

Modified dynamic retinoscopy

The test was performed monocularly in a dimly illuminated room and with the subject wearing the distance refractive correction. Each subject looked at the front-illuminated near point card with paragraph text as an accommodative stimulus attached to the front of the streak retinoscopy at 40 cm. Each subject was instructed to read the letters and keep them clear. Although the subject read the letters aloud, the examiner (MN) used the vertical streak to perform the test. When a with movement (lag of accommodation) was observed, the examiner moved the retinoscope inward until neutral reflex was first observed.47,48,49 Once the neutrality was achieved, the distance between the spectacle plane and retinoscope was measured with a tape measure. The modified dynamic retinoscopy was taken as the reciprocal or inverse of the distance in metres. The test was performed similarly for the left eye.

The principle of this method is that a neutral reflex will be observed when the point conjugate with the retina coincide with the plane of the retinoscope sighthole.2,25,47,48,49 When a ‘with’ movement is seen, the eye is under-accommodating for the distance of the retinoscope. The examiner then adjusted the working distance by moving forward and backward until neutral motion was observed.

Pascal heterodynamic retinoscopy

The distance refractive correction was again placed on the trial frame with the left eye occluded. The fixation target was placed close to the trial frame where letters were blurry and then subjects were asked to push the handheld reduced Snellen chart away until the letters were just legible or readable. Subjects were instructed to keep letters sharp and clear.50 With the target at this subjective position, the examiner (NM) positioned the retinoscope at a working distance approximately twice the distance between the fixation chart and the subject. The retinoscopy reflex was observed, and if an ‘against’ movement was seen, the examiner moved closer to the eye until a neutral reflex was found. Once the neutral reflex was observed, the distance between the spectacle plane and the retinoscope was measured with a measuring tape. The objective AA was then taken as the reciprocal of that distance in metres.

An ‘against’ movement implies that the subject’s retinal conjugate point is somewhere behind the target, but in front of the retinoscope and by moving forward, one is finding that the neutral and the conjugate point of near point of accommodation is there.23 Each measurement took approximately 90 s to complete per subject. Again, no working distance lens power was added or subtracted from the distance correction.

Data analysis

Descriptive statistical analysis of the data was performed using SPSS version 23. The t-test and correlation analysis were used to compare the mean findings from the push-up, push-down, minus lens, modified retinoscopy and Pascal heterodynamic retinoscopy. The normality of the data was checked by using the Shapiro–Wilk test. The Kolmogorov–Smirnov test should not be seriously considered for testing normality because of its low power.51,52 Regression analysis was performed. The differences between the findings for the five methods were compared using Bland–Altman plots. A (p=) 5% level of statistical significance was used throughout.

Results

A total of 45 university students aged between 21 and 27 years with a mean age of 22 years and standard deviation of 6 years were included in the study. Based on subjective refraction, subjects were classified according to the spherical equivalent as 31 emmetropic (−0.25 to +0.50 D), 7 hyperopic (≥ +0.50 D), 3 myopic (≤ −0.25 D) and 4 astigmatic (≥ 0.50 D). From the 45 students, 28 (62.2%) were females and 17 (37.8%) males. The independent sample t-test did not show any significant difference between the mean ages of females and males (p > 0.05).

The descriptive analysis for the push-up, push-down, minus lens, modified dynamic retinoscopy and Pascal heterodynamic retinoscopy procedures is shown in Table 1. The Shapiro–Wilk test showed that the measurements of the AA were distributed normally with a p > 0.05. For the right eyes only, the average AA ranged from 6.58 D to 10.22 D; the push-up procedure had the highest average, while the modified dynamic retinoscopy had the smallest means.
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Visual inspection of the measurement distributions may be used for assessing normality. The box plot (or box and whisker plot) in Figure 1 indicates the distributions of the AA measurements. Most of the push-down, minus lens, modified dynamic retinoscopy and Pascal dynamic retinoscopy measurements were below 10 D, whereas most of the push-up measurements were more than 10 D. The box plot indicated that the distributions are roughly symmetrical, and we, therefore, expect the population distribution to be approximately normal. A symmetric box plot with the median line at approximately the centre of the box and with symmetric whiskers that are slightly larger than the subsections of the centre box suggests that the data may have come from a normal distribution. The horizontal bold line in the middle of the plot represents the median or the 50th percentile of each distribution (see Table 1). The box itself represents the middlemost 50% of the distribution. The box has ‘whiskers’ (i.e. the vertical lines), one below the first and one above the third quartiles. The whiskers indicate the smallest and largest measurement in each distribution. The push-up and minus lens methods had the longest whiskers above the third quartile. All the methods had slight negative kurtosis but only the push-up and minus lens methods had slight positive skewness (see Table 1).



[image: AVEH-77-437-F1.jpg]

Table 2 lists the mean differences, standard deviations and 95% confidence intervals (CIs) for paired comparisons of the five methods. The mean differences gave an idea of how much difference there is between the averages of the different methods. The highest mean difference was between push-up and modified dynamic retinoscopy (3.63 D), push-up and Pascal dynamic retinoscopy (3.45 D), push-down and modified DR (2.49 D), and push-down and Pascal dynamic retinoscopy (2.31 D). The results obtained using the subjective methods were higher than those obtained using the objective methods.
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In order to establish whether relationships existed between the five methods, a correlation analysis was carried out (see Table 3). The correlation coefficient (r) provides an indication of the linear association between two variables. Correlation coefficients showed significant correlations between the AA measurements. Correlation quantifies the strength of the linear relationship, while correlation coefficient measures the strength of the linear relationship. The value of r is between 1 and −1. Values of r closer to 1 or −1 represent a strong linear relationship, while a value of r closer to 0 means the linear association is very weak. Correlation coefficient can be interpreted only if the p-value is significant and conclude that there is no relationship between the variables because the calculated coefficient of variation (which indicates the absence of correlation) is statistically significant.
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The regression analysis between the five procedures and their linear regression models is also presented on each graph (see Figures 2–4). Regression is about pattern and possible relationship between two sets of data using scatter plots. In actual fact, linear regression is performed together with correlation analysis. It finds the best line that predicts one variable from the other one and quantifies goodness of fit with the coefficient of determination (r2). The coefficient of determination explains the proportion of variance that the two variables have in common.
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Correlation analysis is not the most appropriate method to evaluate agreement between two tests. Tests that supposedly measure the same quantity would be expected to show an association by correlation, but this correlation does not imply agreement. The test of significance may show that two methods are related; however, this could be misleading. Bland–Altman analysis is a method for comparing different measurement methods of the same or different clinical variables. The method also includes horizontal lines to denote 95% limits of agreements (LoAs).53,54

Figures 5 and 6 represent the Bland–Altman plots for two comparisons only. The means for paired amplitudes of accommodation for participants are plotted against their corresponding mean differences. Three horizontal lines are drawn. One is drawn at the mean difference and two at the limits of agreement, which are defined as the mean difference plus and minus 1.96 standard deviation of the differences. About 95% of the data points will be within the mean difference ±1.96 standard deviations.
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The 95% limits of agreements are meant to be estimates of the range in the population of which 95% of the difference between two measurements lie. As the estimates of the LoAs are based on sample statistics, they might be associated with some uncertainty and thus should be accompanied by an estimate of confidence intervals. To calculate the confidence of intervals for LoAs involves using two-sided tolerance factor for a normal distribution.46,47 The confidence interval closer to the mean difference (inner confidence interval) is calculated using coefficient 0.025, while for outer confidence we used the coefficient 0.975 from the coefficients for 95% LoAs of the t distribution. Furthermore, the 95% CIs of the upper and lower limits of agreement were calculated as the limits of agreement ± 1.96 times the standard error. The standard error of these limits was calculated from the formula:
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where n is the sample size, and sdiff is the standard deviation of the differences. As the limits of agreement are only estimates, CIs should be calculated and reported. Confidence intervals describe the range over which a parameter is likely to lie with a given probability of 95%. To obtain the confidence interval, the standard error is calculated using the t distribution table. The limits of agreement for a sample are only an estimate of the LoAs for the population from which the sample is drawn. It is imperative to have an understanding of how much the LoAs in the population may vary from the sample limits of agreements.

Discussion

This study involved subjective and objective measurements of AA. The subjective methods showed higher mean amplitudes of accommodation. The push-up method showed the highest mean amplitude of accommodation, while the minus lens method exhibited the lowest mean AA when determined subjectively. The objective measurement of the AA underestimated the subjective AA. The amount of underestimation was about 3.60 D (see Table 1 and Figure 1).

The most widely used clinical procedures to assess the AA are the subjective push-up and the minus lens methods. Both methods require an individual who is corrected for best distance visual acuity. Although a subjective method provides important information about vision comfort and sustainability during near visual tasks, it does not necessarily accurately measure the accommodative optical change that occurs in the eye because of the eye’s depth of field that causes subjective measurements to overestimate the objectively measured AA.24,26 The differences between the objective and subjective methods can be explained by the lag of accommodation. Subjective assessment measures the closest distance at which the patient can see clearly. The objective methods evaluate the actual increase in refractive power of the eye. The lag of accommodation increases with the accommodative stimulus. This could probably be because of pupillary miosis which increases the depth of focus. According to Hokoda and Ciuffreda,23 the difference between the subjective and objective methods can vary by as much as 1.50 D – 2.0 D, which is less than what was obtained in this study. The difference between subjective and objective methods in this study varied between 1.8 D and 3.6 D.

The subjective push-up method may be adequate for routine use to measure AA but it is inadequate for measuring true AA as it overestimates the AA. The higher values seen when measuring AA with the push-up methods in comparison with other methods have been documented. This has been attributed to the depth of focus, target size, illumination, proximal cues, pupil size, end-point criteria and subject variability.26,27,33,37,39 When performing the push-up method, there is an increase in the angular size of the retinal image corresponding to the decrease in the target distance and also the proximal stimulation to the accommodation increases and leads to a higher value compared to other methods. This increase in angular subtense may result in a delay in subject’s ability to report the end-point which is blur. The end-point of first sustained blur can also be a difficult concept for some patients to appreciate. Illumination can also affect measurements. The target should be illuminated by a 40-watt incandescent bulb.31 Excessive illumination can greatly increase the depth of focus for some patients and result in false high AA measurements. Chen and O’Leary38 compared measurements of AA using the push-up and modified push-up methods in a sample of 29 young subjects. Higher values were recorded under monocular and binocular conditions for the push-up method.

The results of this study showed that the minus lens method had the lowest mean AA among the subjective methods. This result is in agreement with the results from previously documented studies.21,24,29,32 In the minus lens method, unlike in the push-up method, there is minification of the retinal images because of the optical properties of the higher powered minus spherical lenses while there is no relative distance magnification, and the proximal stimulation of the accommodation remains constant.1 This explains why the push-up amplitude result is higher than the minus lens amplitude. Based on factors affecting the subjective AA measurement, the minus lens method may be a better (or appropriate) and accurate method to measure the AA. However, the push-up method is faster and more widely used than the minus lens-to-blur method.

The push-down or pull-away method for AA is one of the newer and less researched methods in the literature. This method requires a target to be pushed away from the patient’s spectacle plane until the target can be correctly identified. The results of this study showed a difference of 1 D between push-up and push-down and 0.7 D between push-down and minus lens methods. The differences between the three subjective amplitude were small but statistically significant differences (see Table 2). Results of this study are in agreement with the results of Antona et al.40 who showed an average difference of between 0.50 D and 2.50 D between push-up, push-down and minus lens methods. Pollock,37 Woehrle et al.,36 and Chen and O’Leary38 compared the push-up and push-down testing methods. They found that there was no statistical significant difference between the push-up and push-down methods. However, Rosenfield and Cohen39 found significant differences among the push-up, push-down and minus lens methods. The possible explanation to this contrasting conclusions could be the end-point required. When performing the push-up, the end-point required is the first slight sustained blur. In the Rosenfield and Cohen’s study39, subjects were to wait until the target was absolutely clear. In this study and for that by Woehrle et al.36, participants had to identify the target at the first possible clarity. However, in Pollock’s37 study subjects were required to report clarity or complete blur.

Our results showed that the push-down test consistently give lower results of AA when compared to push-up testing. One possible reason for this difference could be the psychophysical testing procedure which operates in opposite directions for the two methods. The push-up method would overestimate the AA, while the push-down method would minimise the amplitude. Perhaps in the push-down testing method, the end-point is more easily understood. However, this has not yet been shown to be true. It is possible that it is easier to recognise the point of identification in the push-down method than the point of first sustained blur. If the push-down method is to be used more extensively in clinical practice, it is also necessary to conduct a study on a large sample to determine normative data.

Recently, there has been studies comparing subjective (push-up, push-down, minus lens and defocus) and objective (aberrometer or autorefractor) methods of measuring the AA.24,25,26,28,55,56,57,58,59,60,61 Results of these studies showed that the subjective methods overestimated the AA. The limitations of subjective methods have already been documented in this article.

An objective method determines the end-point of AA by observation and interpretation of the retinoscopic reflex. However, such objective measurements are not yet widely used in optometric practice. Objective methods of measuring AA measure the actual increase in refractive power of the eye, while the subjective methods measure the closest distance at which the patient can see clearly. This can exceed the near point of accommodation by approximately half the total depth of field of the eye.45 Therefore, the difference between subjective and objective methods can vary by as much as 1.8D – 3.6 D.

The two dynamic retinoscopy findings showed the lowest mean AA of the five methods used in this study. The means, standard deviations and ranges of the AA measured using the modified dynamic retinoscopy and Pascal dynamic retinoscopy did not vary much (see Table 1 and Figure 1). Hokoda and Ciuffreda23 compared AA measured with an objective Pascal dynamic retinoscopy method and with subjective minus lens and push-up methods in seven amblyopes. They found that the mean AA obtained using Pascal dynamic retinoscopy was lower than the findings obtained using either the push-up (mean difference = 2.40 D) or the minus lens (mean difference = 0.77 D) methods in the control subjects. However, in the amblyopic eyes, the findings were variable. The difference between the mean objective finding and the push-up method was 5 D in the push-up method but the DR findings were 0.46 D higher than the minus lens method.

Rutstein et al.25 compared AA determined objectively and subjectively in a sample of 54 subjects aged between 6 and 35 years using the push-up method and modified DR. They found that the modified DR consistently gave higher mean values than the push-up method. The reason of a higher finding for AA measured objectively could be the end-point criterion. Rutstein et al.25 defined the end-point when the width of the retinoscopy reflex became narrow, its colour became dimmer and its speed became slower. This end-point criterion could be the cause of the higher values in modified DR. In this study, we used the more commonly adopted neutral reflex for the end-point.

Woodhouse et al.61 measured AA in children with Down syndrome using dynamic retinoscopy. Their end-point criterion was the position of the neutralisation, as in the current study. They found no significant difference between the push-up and DR results. Leon et al.44,45 examined the reliability of Pascal dynamic retinoscopy and two subjective (modified push-down and minus lens) measurements of AA in a sample of 79 optometry students between 18 and 30 years of age. They found that the Pascal dynamic retinoscopy method showed higher reproducibility when compared with subjective methods. Also, they observed that the dynamic retinoscopy method provides more veridical measurements of the AA as it avoids the overestimation because of the depth of field. Anderson and Stuebing22 observed that the objective measurements of AA obtained using an open-field, infra-red optometer in 236 subjects were significantly lower than those found using the push-up method.

Bland–Altman analysis does not say whether agreement is sufficient or suitable to use a certain method but simply quantifies the range of agreement within which 95% of the differences between one and another method are included. It is the clinical goal that could define whether the agreement is wide or narrow for the purpose. The Bland–Altman plot only defines the intervals of agreement, and it does not mention whether those limits are acceptable or not. The acceptable limits should be defined prior, based on clinical necessity or other goals. If the line of the mean difference is not in the interval, there is a significant systemic difference.

Limitations of the study

There are several limitations to this study. Only normal and healthy optometry students were included in the study. These students were more accustomed to the instrumentation and may not have yielded typical clinical responses when compared to others. Symptomatic students did not participate in the study, and it is possible that the results from such a group would have been different.

Limitations of the dynamic retinoscopy techniques are that it takes longer to perform and the accuracy of the measurements will vary with skills of the examiner.

Conclusion

The push-up and push-down methods overestimate the true AA because of the relative magnification, while the minus lens method creates an abnormal viewing environment in which the target is stationary but the stimulus becomes increasingly minified. The AA measured using the two objective methods agreed with each other but differed from the subjectively measured AA. The objective measurements showed that AA is substantially less than that measured using the subjective methods. The results obtained using the modified and Pascal dynamic retinoscopy were well correlated and comparable suggesting that they could be used interchangeably in clinical settings. Subjective methods measure the nearest distance at which the patient can see clearly, while objective methods evaluate the actual increase in refractive power of the eye. So, subjective measurements of the AA may suggest that accommodation is present when it is not. This is because the eye’s depth of field can cause subjective measurements to overestimate the true AA. Further research is needed to validate DR as the optimal routine clinical method to assess AA.
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