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A Compari s on Betw en Manually-Operated 

and Automated Lensometers 

INTRODUCTI ON AND PURPOSE: 

Wi th the dramati c increase in automation and compu teri-

zation i n the optometric profession, the practitioners , 

t echnicians and opticians are subjected to a deluge of ad-

vertisements, demonstrations and claims conc erning these 

electronic marvels. Once the machine's impressive appearance , 

ease of operation, price tag and ac c essories are placed to 

one side , one logical question might be, "How accurate is it? " 

This is especially true in considering automated lensometers. 

The maj or problem in trying to answer the question of 

accuracy i n a lensometer is tha t there is no ultimately correct 

" reader" of lens power . For years the manually operated foci-

meter with its cross-hair target and power wheel on one side 

has been the standard. It' s difficult to say that this in-

s trument always gives the correct lens power because blur 

interpretation and axi s orientation are subjective when using 

this instrument. Extrapolating in one' s own mind which diop-

tric value the power indicator is closest to can also enter 

into the results. 

Automated lensometers, on the other hand, remove nearly 

all subjective influence s from lens power read i ngs. The oper

ator me~ly turns on the machine, places the spectacle lens 

to be read in the appropriate holder and pushes another button 

to instantly read the lens power . 



Both the automated and manually operated focimeters claim 

to be accurate to within certain tolerances, but this matters 

little when trying to prove which is more accurate. As men

tioned before, there i s no ultimately correct machine which 

can tell you exactly what the power of the lens is. 

Because of this, my study was designed to see what t he 

correlation is between the manually operated lensometer and 

an automated lensometer. For the study I used an American 

Optical lensometer and a Humphrey automated lens reader. Both 

were locat ed in the spec tacl e verification room of the FSCO 

clinic. 

PROCEDURE: 

Fifty spectacles were s elected at random from the files 

a s they arri ved at the clinic for veri fication. Sphere power, 

cylinder power, cylinder axis, add power and PD were measured 

on each instrument in three separate trials. That is, after 

each complete spectacle reading , the glasses were removed 

f rom the instrument and replaced again to begin a new trial 

reading. The result s of the three trials on the automated 

lensometer were averaged for each pair of glasses as they 

we re on the manual lensometer. So, the fifty spectacles 

represented one hundred lenses and six hundred separate 

readings between the two lensometers. 

P.D. measurements on each lensometer were done by fi nding 

the optical center of each l ens (according t o the lensometers' 

indications ), d~tting tha t point with the inst rument ' s apparatus 



and then measuring the distance between optical centers with 

a millimeter rule. 

Data obtained from the study has been analyzed in two ways. 

First, the correlation between the two instruments has been 

calculated based upon the average values obtained with each 

pair of spectacles on each lensometer. For example, the aver

age sphere power found at the end of three trials on the A.O. 

lensometer was correlated with the average value found at 

the end of three trials on the Humphrey automated lensometer. 

One hundred average sphere power readin~were correlated bB

tween the two instruments. The same was done for cylinder 

power, axis, add and P.D •• 

Secondly, the data was analyzed for variability within 

each instrument. That is, how variable were the three power 

readings for sphere each time the A.O • . lensometer was used? 

How variable were the Humphrey's readings? The same variabil

ity has been analyzed for cylinder power , axis, add and P.D •• 

RESULTS: 

Following are tables showing the results of t-tests used 

to assess the correlation between the A.O. lensometer and the 

Humphrey automated lensometer as well as the variability 

within each. 

Sphere Power 

correlation = 0.974 

slope = 0. 99 

variability: 

A.O.: t = -2.920 

Humphrey: t = 0.686 



For 100 degrees of f reedom and 0.01 level of significance, 

a t score of 2.626 or above would be considered signifi

cantly variable. 

Cylinder Power 

correlation = 0.996 

slope = 1.004 

variability: 

A.O.: t = -2.666 

Humphrey: t = 0.677 

For 100 degrees of freedom and 0.01 level of significance, 

a t s core of 2.626 or above would be considered signi

ficantly variable. 

Cylinder Axis 

Correlation = 0.866 

slope = .877 

Variability: 

A.O.: t = -4 .212 

Humphrey: t = -1.569 

For 66 degrees of freedom and a 0.01 level of significance, 

a t score of 2.654 or above would be considered signifi

cantly variable . 

correlation = 0.996 

slope = 0.999 

variability: 

Add Power 



A.O.: t = -0. 561 

Humphrey : t = - 0 . 651 

For 31 degrees of freedom and a 0 . 01 level of significance , 

a t score of 2.744 or above would be considered signifi

cantly variable. 

correlation = 0.780 

slope = 0.746 

variability: 

A.O.: t = -1.395 

Humphrey: t = -3.733 

For 50 degrees of freedom and a 0.01 level of signifi

cance, a t score of 2.678 or above would be considered 

significantly variable. 

DISCUSSION: 

As can be seen from the data, the Humphrey and A.O. 

lensometers correlate quite well, especially in sphere , cylinder 

and add powers. All were 0.97 or above. The correlation is 

somewhat less for cylinder axis (0. 866) and even lower (0.780) 

for the distance between optical centers of the lenses. 

A look a t the t score for variability of readings within 

each instrument leads to some interesting observations. In 

the three categories of sphere power, cylinder power and 

cylinder axis, the A.O. len someter demonstrated significant 



variability of results. The Humphrey, however, showed sig

nificant variability in its measurement between optical cen

ters of the lenses. Both instruments were fairly consistent 

in reading add power. 

The variability within the manual lensometer results for 

sphere, cylinder and axis readings may well be due to op erator 

interpretation of blur (power) and whether the target lines 

appeared to be exactly aligned (axis) . Fluctuations in ac

commodation and in the bracketing technique of focusing may 

also have affected the results. 

The Humphrey's variability in P.D. measurement was pro

bably due to the manner in which the machine directed the 

operator to find the optical center of the lens. The readout 

panel continuously monitored induced prism which centering 

the lens, but had a lag between indicating induced BO or BI. 

That is, when the lens approached the optical center, there 

was some slight movement permitted around it where the lenso

meter would indicated zero prism. Bracketing between BO and 

BI readings was done in order to approximate the optical cen

ter, which was then dotted. 

CONCLUSION: 

Automated lensometers, as well as other computerized 

i nstruments, have entered the optical market with dramatic 

speed. The Humphrey automated lensometer seems to correlate 

well with the manually operate~ AO lensometer which has been 

on the market for many years. There does seem to be some 



discrepancy between the two on cylinder axis and PD measurements, 

though. Whether one is right and the other wrong remains to 

be proven. The practitioner must choose the instrument he 

believes to be right for his practice needs and goals. 
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Technical description of t he basic operating principles of 

a manual lensometer: 

Manually operated lensometers consist of a moveable trans-

illuminated hatched target, a standard lens system of known 

power, and a Kepler telescope. The lens to be read is placed 

at the posterior focal point (F2 ) of the standard lens system. 

Light passes through the standard lens system, the unknown 

lens and into the Kepler telescope. The object of the system 

is to get plane waves leaving the unknown lens and entering 

the telescope. The telescope will then focus the plane waves 

to give an internal image. If the internal image is blurred 

(i.e. plane waves are not incident upon the telescope), then 

a wheel on the side of the instrument is turned. This will 

move the instrument's target and change the vergence of light 

incident on the standard lens system until plane waves leave 

the lens of unknown power. Lens power is then read from the 

power wheel. This procedure is followed for both major power 

meridians of a cylindrical lens. 

moveable 
target 

std. lens 
system 

'l 

lens to 
be read 

Kepler 
telescope 



Technical description of t he basic operating principles of 

the Humphrey Lens Analyzer: 

A halogen bulb forms a light source for the first beam

forming element of the system -- a quad prism. This prism 

splits the light source into four beams of light which are 

directed by a totally reflecting mirror through an achromatic 

doublet lens which focuses them to give them a uniform optical 

quality. The beams then pass through a rotating scanner disk, 

or "chopper", which allows selected rays to be isolated from 

the continuous incoming beams. The disk is based upon an 

archimedian spiral and the position of the individual rays 

is related to the switching mechanism of the detector by timing 

marks on the disk. 

The focused beams pass through the chopper into another 

prism which redirects them upward. The beams pass through a 

reading head and then through the lens to be read. The curva

ture and prism of the lens being measured causes the beams to 

deflect. These deflected beams then go through another doublet 

and are reflected onto a screen with a pinhole aperture. 

Only select rays can go through the pinhole and these 

rays are focused onto a four segment photo-diode detector. 

By s ens in r the exi s tence of a ray on the detector nnd knowin~ 

the axial displacement of that ray at the chopper, spherical, 

cylindrical and prismatic power information is obtained. This 

information and the information from the other three beams is 

transmitted to the internal computer of the lens analyzer. 

From this, the final sphere, cylinder, prism and axis for the 

lens is calculated and then displayed on the front display board 

of the instrument. All in less than one second. 
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