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ABSTRACT  

Background: Two common dynamic clinical techniques used to quantify a patient’s 

accommodative response/posture are Nott retinoscopy and Monocular Estimation Method 

(MEM) retinoscopy. A standard test distance of 40 centimeters (cm) is utilized in both of 

these methods. However, outside of clinic, it is not uncommon for patients to hold their 

near work at distances other than 40 cm. This project will explore how other working 

distances affect the accommodative response. Methods: The design of this research 

project utilized Nott retinoscopy, MEM retinoscopy and the WAM-5500 auto-refractor 

for estimating accommodative response. Each technique was performed on the subject’s 

right eye at three different test distances: 25 cm, 40 cm, and 50 cm. Results: When 

evaluating the MEM method using a one-way analysis of variance (ANOVA), we 

determined that the accommodative lag differed between the three working distances (p = 

0.0377). A one-way ANOVA was also performed on the Nott retinoscopy data with a 

corresponding p-value of 0.8700. The Nott method showed the working distance did not 

significantly change the accommodative lag measurement. Next, both methods were 

analyzed using two-way ANOVA. Together, the data did not show a statistically 

significant relationship between the change in working distance to accommodative 

posture with p= 0.06416. Conclusion: Based on the analysis of our data, we cannot 

conclude overall that the accommodative response changes with different working 

distances; however, our results did reveal that the answer may be dependent on which 

dynamic test is used.  MEM retinoscopy showed that the working distance does in fact 

change how much a patient may under/over focus on a target. Conversely, Nott 

retinoscopy did not show a significant change in measurements with respect to the target 
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distance. Therefore, when evaluating accommodative response at working distances other 

than 40 cm, the two methods cannot be used interchangeably. 
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CHAPTER 1 

 

INTRODUCTION OF ACCOMMODATION AND ITS EFFECT  

ON BINOCULAR VISUAL SYSTEMS 

 

 
Accommodation is the process by which the crystalline lens changes its dioptric 

power in order to create clear vision for targets closer than optical infinity.1,2 

Accommodation is a blur driven phenomenon directed by numerous physiologic factors 

involved in seeing clearly. These physiologic components leading to proper 

accommodative responses include proximal (the physical near location of the target), 

tonic (the natural accommodative position of rest), reflex (the initial automatic response 

to blur), vergence change (binocular eye movements in response to near or far targets) 

and the balance between parasympathetic (pupillary constriction and the near triad) and 

sympathetic (pupillary dilation) neural pathways.3 

The purpose of dynamic accommodation testing is to determine the accuracy of a 

patient’s focusing system, and indirectly to test binocular function.3 When a patient is 

fully corrected we can expect these accommodative values to fall within a specific range, 

otherwise, values outside of the normal values may raise suspicion of accommodative or 

binocular disorders.1,2 For example, when a patient focuses on a target at an average 

working distance of 40 cm, we can expect them to actually be focusing +0.25 diopters 

(D) to +0.75 D behind the target, a value known as the accommodative lag. Values above 

+0.75 may suggest under-accommodation and cause the practitioner to consider disorders 
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of accommodative insufficiency, high esophoria or reduced negative fusional vergence.1 

If the value is less than +0.25 D, we refer to this as an accommodative lead. Values less 

than +0.25D may suggest over-accommodation and clue the practitioner into disorders of 

accommodative excess, high exophoria or reduced positive fusional vergence.1 

Common dynamic clinical techniques used to quantify a patient’s accommodative 

response/posture are Nott retinoscopy and Monocular Estimation Method (MEM) 

retinoscopy. A standard test distance of 40 centimeters (cm) is utilized in both of these 

methods. Historically, multiple studies illustrate that MEM and Nott retinoscopy 

techniques have been agreeable and highly repeatable when evaluating the 

accommodative response at this standard working distance.4,5 However, outside of clinic 

it is not uncommon for patients to hold their near work at distances other than 40 cm. 

This study will explore how other working distances affect the accommodative response. 

To our knowledge, there are limited studies discussing how the accommodative response 

varies with working distances other than the standard 40 cm distance. 
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CHAPTER 2 

 

METHODS & PROCEDURE  

 

Fifty-six adults, aged 20-30, with grossly normal accommodative and binocular 

systems were used for this study. To qualify, participants were required to wear their 

most recent visual correction (contacts or glasses), and were screened for 20/20-20/25 

monocular acuities at distance. A cover test was performed at near to ensure there was no 

strabismus present. If a patient met all requirements, his/her accommodative response 

was then assessed using three tests: Nott retinoscopy, Monocular Estimation Method 

(MEM) retinoscopy and the WAM-5500 autorefractor. The accommodative response (lag 

or lead) was evaluated on each patient’s right eye at three different working distances of 

50 centimeters (cm), 40 cm and 25 cm, always starting at 50 cm and proceeding inward 

toward the patient. The 50 cm (2 D demand) test distance was chosen to simulate a 

patient with longer arms, or one that simply prefers to hold their materials further away. 

The 40 cm (2.5 D demand) test distance is typically used as the standard for this 

population and was therefore also utilized as the control distance. The 25 cm working 

distance (4D demand) was chosen to simulate patients that prefer to hold reading 

materials much closer than the standard, likely putting their accommodative systems 

under increased stress.  

 Nott retinoscopy required the use of a phoropter, near point measurement rod, and 

20/40 target in order to stimulate accommodation. The target was placed at each working 

distance and a lag/lead was measured using a retinoscope and the dioptric markings on 
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the near point rod. MEM retinoscopy utilized loose lenses from -1.00 to +1.50 D in 0.25 

D steps. The WAM-5500 autorefractor also included the use of a near point rod 

attachment to obtain the three working distances. In all techniques the patient was asked 

to view the target binocularly. 

Three stations were set-up to obtain data. The participants were asked to wait at 

least two minutes in between each station to allow their accommodative systems to relax 

to their natural positions. Station one collected dynamic accommodation information 

using the WAM-5500 autorefractor. Subjects were asked to fixate and maintain clarity on 

a 20/20 Snellen target at 50 cm, 40 cm and 25 cm. The accommodative response was 

obtained at each distance and recorded.  

Station two collected dynamic accommodation data using MEM retinoscopy. A 

response target was mounted on the retinoscope and each patient was scoped with a 

vertical streak of light. Subjects held a near point rod marked in centimeters at the center 

of their forehead. The retinoscope target was held at each of the three test distances. 

Subjects read the words on the near target out loud and the accommodative response was 

assessed by briefly (2-4 seconds) dropping loose lenses in front of the patient to 

determine the point of neutrality to the closest 0.25 D.  

Station three tested dynamic accommodation using the Nott retinoscopy method. 

The accommodative target was placed at each working distance. Retinoscopy was 

performed with a vertical streak and the examiner either moved in front of or behind the 

target to neutralize the accommodative response. If the motion was initially seen as 

“with,” the examiner moved backwards from the target until neutrality was found. If the 

motion was initially seen as “against,” the examiner moved forwards until neutrality was 
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obtained. The lag/lead was recorded to the nearest 0.25 D. The same examiner remained 

at each station to attempt to reduce inter-examiner error. A one-way ANOVA was used to 

analyze each of the techniques, and a two-way ANOVA was performed to look at the 

differences in the mean accommodative lag measurements as a function of working 

distance across the different techniques. This study was approved by the Ferris State 

University Institutional Review Board (IRB) committee and meets the requirements of 

the declaration of Helsinki. 
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CHAPTER 3  

 

RESULTS 

 

Accommodative lag measurements were successfully performed on fifty six 

adults using the MEM method, Nott method, and autorefraction. Autorefraction revealed 

a large variation of refractive cylinder on the majority of patients. For this reason, data 

from the autorefraction method was not further analyzed. For both MEM and Nott, data 

from all 56 subjects were included in the analysis for the 50 cm and 40 cm target 

distances. The data was limited to 54 subjects when analyzing the 25 cm test distances to 

exclude two outliers.  

When first looking at the results, a histogram was created to find the distribution 

of the measurements. The expected normative value for accommodative lag lies within 

+0.25D and +0.75D.2 When looking at the distributions, the majority of patients fell into 

this range for both MEM and Nott findings. The next largest frequency landed between 

the -0.25D to plano range for both methods. Figure 1 and Figure 2 show the distributions 

for MEM and Nott. A one-way ANOVA was used to asses for difference in mean lag 

measurements as a function of working distance for the MEM and NOTT methods.   
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The accommodative lag differed significantly between the three working 

distances when using the MEM method [F(2, 163) = 3.34, p = 0.037]. The average lag 

measurements for MEM at 50 cm, 40 cm and 25 cm respectively were as follows: 

Figure 1: MEM Lag Distribution Ranges  

Figure 2: Nott Lag Distribution Ranges 
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0.48±0.46 D, 0.43±0.49 D, and 0.26±0.47 D. More specifically, the accommodative 

response decreased, or became more negative, as working distance decreased when 

measuring with MEM retinoscopy.  

For the Nott method, the average lag measurements at 50 cm, 40 cm and 25 cm 

respectively were as follows: 0.36±0.44 D, 0.37±0.39 D, and 0.33±0.33D. It is not 

difficult to see that the accommodative lag did not vary considerably with target distance. 

For Nott retinoscopy, the mean accommodative lag with working distance was not 

statistically significant [F(2, 163) = 0.14, p = 0.87]. 

A two-way ANOVA was performed to look at the differences in the mean 

accommodative lag measurements as a function of working distance across the different 

techniques.  The results were statistically non-significant [F = (2, 2) = 2.77, p = 0.064). 

This implies that under the conditions tested, any measured change in accommodative lag 

with working distance is not significantly different across the two techniques of MEM 

and Nott retinoscopy. 

 

 MEM Nott 
50 cm   
    Mean (D) 0.4818 0.3634 
    SD (D) 0.4612 0.4405 
40 cm   
    Mean 0.4286 0.3705 
    SD 0.4941 0.3902 
25 cm   
    Mean 0.2570 0.3333 
    SD 0.4690 0.3329 
p-value 0.0377 0.877 

 

Table 1: Means, Standard Deviations, and p-values 
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Figure 3: Accommodative Lag Averages 
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CHAPTER 4  

 

DISCUSSION OF RESULTS  

 

MEM and Nott retinoscopy are two clinical methods used to quickly test a 

patient’s accommodative response. These tests typically use a single working distance to 

find the lag measurement. However, not all patients hold their reading material at this 

estimated average distance. This begged the question, do different reading distances 

change a patient’s accommodative response? Our results revealed that the answer may be 

dependent on which dynamic test is used.  

MEM retinoscopy showed that the working distance does change how much a 

patient may under/over focus on a target. Conversely, Nott retinoscopy did not show a 

significant change in measurements with respect to the target distance. We are unable to 

conclude whether working distance does in fact change a patient’s accommodative 

response based on the differing data. It is, however, important to note that the two tests 

are similar at the standard working distance of 40 cm; but at the varied distances, the two 

dynamic methods cannot be used interchangeably. Therefore, the question now becomes, 

which method gives more accurate results, and how does this affect clinical testing?  

The results showing that MEM and Nott retinoscopy give differing measurements 

is not something unique to this study. A study by Cacho et al. previously concluded that 

MEM showed greater values of accommodative lag.6 It has been questioned whether 

inserting a lens in front of the patient is likely to influence results given that patients can 

quickly adapt to the lenses. For this reason, it was suggested that Nott was a superior test 
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for finding accurate lag measurements. However, it can also be argued that estimating 

your scoping distance in Nott can be subjective, and less accurate than the MEM method. 

A study performed by the Pediatric Eye Disease Investigator Group (PEDIG) found 

results suggesting that both Nott and MEM retinoscopy actually underestimate lag of 

accommodation findings, specifically when testing myopes with lags greater than or 

equal to +1.00 D. They concluded that an open-field autorefractor is superior in these 

patients.7 These differing inferences suggest that further studies must be assessed to find 

the validity of which method is superior.  

There are several limitations to point out in our study. Our population only 

consisted of an age range of 20-30 year old students. The accommodative stresses on a 

graduate student are likely very different from that in children, and accommodative 

norms also differ across different aged populations. The time of day may also affect our 

clinical findings. A study repeating the measurements at different times of the day may 

help to reinforce the true measurements of each patient. In addition, patients were best 

corrected with either glasses or contact lenses. The type of correction was not taken into 

account while assessing the results in this study. The laws of optics dictate that contact 

lens corrected myopic patients accommodate more in their contacts compared to 

spectacles, while hyperopic patients accommodate more in their spectacles than in their 

contact lenses. These generalizations may also have an effect on the overall 

measurements collected. A more precise study would use the same type of correction in 

all patients, and include a larger sample size from which to draw from. 

This research provides an informative starting point revealing that working 

distance may affect accommodative lag measurements. Further research assessing 
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different age ranges and more objective techniques may help further conclude on this 

topic. Therefore, it is important for clinicians to know that different tests may reveal 

differing results. Furthermore, it may be important to get a better idea on where each 

patient typically holds their reading material, and then test at these distances to ensure the 

results are more applicable to each individual patient. This cuts out any generalizations 

we make when testing for accommodative and binocular vision disorders. On the other 

hand, if further research continues to show that distance does not have an effect on the 

accommodative response, then the clinical application means that optometrists do not 

have to be so exact in making sure that this test is performed precisely at 40 cm.  

 

Special thanks to Dr. Vandana Rajaram for her assistance in the statistical 

analysis of the findings.  
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