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Eberle, Automated Refractors 

l 
I INTRODUCTION 

The challenge facing military health care today is to provide 

high quality care to all eligible members at reasonable cost to 

the taxpayers. This is a difficult task as the resources 

available are limited compared to the size of the population to 

be served. Increased efficiency and attention to cost-

effectiveness are the means by which the challenge will be met. 

Most of the effort necessary to achieve this goal must be 

directed toward serving the active duty person wherever he/she 

might be. 

Optometry, as part of the military health care team, must do 

its share to meet this challenge. At present, most benefi-

ciaries including active duty persons at isolated duty stations 

and on ships at sea, do not have access to high quality vision 

care on a routine basis . Like the other clinical specialities, 

optometry must seek ways to increase productivity and to extend 

- J 
quality health care to all eligible members. 

Automated refractors are promoted as a means of significantly 

improving efficiency in an optomet~y clinic. They are also a 

means of extending a higher level of vision care into new areas 

inadequately served at present. For these reasons the Senior 

Navy Optometrist has suggested that this study of the potential 

uses of automated refractors to military optometry be under-

taken. 
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PROBLEM 

BACKGROUND 

Persons eligible for health care within the military system 

include all active duty and retired personnel from the Depart

ment of Defense, the Coast Guard and the Commissioned Corps of 

the Public Health Service and National Oceanic and Atmospheric 

Administration, as well as their legal dependents and survi

vors. Several characteristics of this population directly 

affect the quality of health care, including vision care, that 

can be provided. 

(l) The population is very large. The total number eligi

ble for care is greater than 8 million.(l48) 

(2) The population is transient. For exampla, in 1982 

338,200 men and women entered the armed services.(38) Each new 

inductee requires a thorough physical examination including a 

vision analysis. 

(3) The population is mobile. The typical tour of duty in 

the continental United States is three years. Many military 

schools and overseas tours of duty are shorter. Approximately 

one third of the active duty members and their dependents will 

move to a new duty station each year. For the military 

optometrist this means an exceptionally large portion of 

patients will be new and thus require more extensive 

examinations. 
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(4) The population is geographically dispersed. Active 

duty members are spread throughout the world including isolated 

duty stations and ships at sea. 

(5) The population is aging. At present approximately 30% 

of the people entitled to care at military facilities are 

retired perso@nel and/or their dependents.(l47) As the per

centage of older people rises in the general population the 

percentage of military retired personnel is expected to simi

larly increase in the future.(94, 158) This will result in an 

elevated demand for optometric services, as studies have shown 

that the elderly require more frequent eye care and longer 

examination times.(23, 131, 161) 

Besides the population characteristics there are four other 

factors which directly affect the quality of health care that 

can be provided. 

(1) Health care is provided at no charge to the member. 

This tends to make the system highly utilized compared to the 

civilian fee-for-service system. It has been conservatively 

estimated that demand for optometric services is 10% higher in 

non fee-for-service systems . (l41) 

(2) By law, staffing and facility planning are based on 

the number of active duty persons only.(64) This has con

tributed to a significant understaffing problem since active 

duty members represent only one third of the total eligible 

population.(l47) 

(3) In the military system of health care the optometrist 
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is the primary vision care practitioner. Unlike the civilian 

system, military ophthalmology tends to provide care on a 

secondary (referral) basis only.(lOO) Thus a higher percentage 

of patients initially see an optometrist for eye care than in 

the civilian system.(l) 

(4) An alternative source of health care available to 

military dependents and retired personnel is CHAMPUS, the 

Civilian Health and Medical Program of the Uniformed Services. 

Users of this program are partially reimbursed by the federal 

government for medical services provided by a civilian practi

tioner . CHAMPUS, however , does not include routine optometric 

care.(ll4) 

These characteristics of the military population and its health 

care system result in a higher demand for services than in a 

comparably sized civilian community. To meet the demand for 

vision care in this diverse population the military employs 

approximately 475 optornetrists.(l48) This is a practi

tioner/client ratio of 1:16,800. In the past this ratio has 

been as high as 1:39,000 in the Army.(6) This is in sharp 

contrast to the national civilian average of 1:11,000 and the 

1:8,000 ratio recommended in a National Health Plan analysis 

conducted by Birchard and Elliott.(16, 124, 126) The American 

Optometric Association has long recommended an ideal ratio of 

1:7,000.(101) The actual practitioner/client ratio is also 

much higher than the Department of Defense recommended ratio of 

1:10,000.(27) 
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There are many similarities between optometry as practiced in 

the military and in a Health Maintenance Organization (HMO). 

An HMO is an organization which provides or arranges for com

plete health services for its subscribers and which is financed 

by a predetermined fee agreed to or paid in advance. (119) 

Both systems stress high volume/high efficiency care. (129) A 

significant difference between the two systems is the emphasis 

HMO's place on early disease detection and treatment as a means 

of controlling costs and increasing efficiency.(51) Two 

leading HMO's, Group Health of Puget Sound and Genesee Valley 

Group Health Association, use ratios of 1:13,000 and 1:12,000 

to determine proper optometric staffing levels.(24, 75) 

The high practitioner/client ratio results in great demand for 

available services and a large workload for the individual 

military optometrist.(41) In many clinics the demand for 

services cannot be met and backlogs of up to six months have 

developed.(l55) In the past, the situation has reached a point 

in the Army that whole classes of eligible members (retired 

personnel and their dependents) have been denied care.(l28) 

Richardson estimates that with present staffing levels quality 

eye care can be provided for only 18% of those entitled to 

care.(l28) 

In an attempt to meet the demand three steps have been taken: 

(1) screening clinics have been developed. 
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(2) the number of patients seen daily has been increased. 

(3) the quality of care provided has been lowered. 

SCREENING CLINICS 

A screening clinic is an effective means of prioritizing 

patient care on a most needed bas i s and the techniques are well 

established.(4) Johnson has described the screening system 

used at Fort Belvoir, Va.(74) As originally designed it is 

typical of other military screening clinics. A trained techni

cian screens the patient and, based on predetermined criteria, 

assigns the patient a priority number. The lower the priority 

number the longer the wait for an appointment with the practi

tioner. With this system 8,000 patients at Fort Belvoir were 

screened in 14 months. Concerning the effectiveness of this 

program Johnson wrote, "While the program was accomplishing its 

initial goal of screening and sorting, there were certain 

aspects of it that caused nagging concern. For example: 

a. Corpsmen who had obtained limited findings and had 

minimal training were forced to decide what constituted a 

significant complaint. 

b. Upon subsequent examination, many of the findings of 

the screening were found to be grossly in error and, as a 

consequence, patients had been placed in an improper group. 

c. Patients often related comments that the screener

corpsman had made to them at the time of their screening that 

were either incorrect or inappropriate. 
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d. Amblyopes were usually placed in Priority I or II when 

they could often equitably have been placed in a lower priority 

group. 

e. Patients coul d return year after year and never be see n 

by an optometrist . Consequently the eye health status was 

never checked. 

f. The question of under -referral was unanswered." 

To solve these problems an optometrist was assigned to the 

screening clinic. Hi s job was to supplement the corpsman's 

tests using more sophist i cated screening techn i ques. This new 

system, while not typical , el i minated many of the problems 

encountered when an optometrist did not participate in the 

screening. A screening system is definitely a useful aid in 

very high demand situations. It is not without considerable 

problems of its own , however, and for the 45% of patients 

placed in priority II I (no appointment needed at this time) the 

screening system provided less than opt imum care . 

WORKLOAD 

The second step taken has been to increase the dai l y patient 

workload for each optometrist . Navy optometrists are expecied 

to see thirteen pat ients da i ly f or complete exams and sixteen 

patients daily if limited care is pr ovided . (lll) Similar 

minimum standards exist for optometrists in the other services . 

(52) Limited care , in this sense , is administered at any 
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clinic which does not routinely use binocular indirect ophthal

moscopy.(l23) Without allowing any time for management 

problems, prescription preparation, continuing education or 

ancillary duties this translates into a thirty minute examina

tion time. In comparison the average civilian optometrist 

examines seven patients daily and the average time allocated to 

each patient is 39 . 6 minutes.(67, 125) Fourteen patients a day 

are scheduled for each optometrist at Group Health of Puget 

Sound, a leading HMO.(ll8) The daily workload of 13-16 

patients is not excessive for military optometrists considering 

the quality of care provided, but it is demanding. This is, 

however, a minimum standard. Daily patient workloads are often 

much higher, especially at recruit processing centers.(41) In 

1975, 12% of the military optometrists saw more than 18 

patients per day.(52) There is probably little room for 

increasing the daily workload without adding significant new 

instrumentation and/or ancillary personnel.(l29, 146) 

QUALITY OF CARE 

The third step taken has been to reduce the quality of care 

provided. Basing his work on an American Optometric Associa

tion sponsored seminar of federal service optometrists, Turner 

has described three levels of optometric care and applied them 

to the military system.(l54) The three levels of care are: 

A. Full Scope Care 

(1) Detailed examinaton of eye and adnexa 
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including supplemental diagnostic procedures 

necessary for finalizing the disposition. 

(2) study medical records, take a complete 

systemic, familial, and ocular history, 

occupational and personal visual needs and 

analyze in relation to all complaints. 

(3) Visual acuities, near and far in each eye: 

unaided and corrected. 

(4) Baseline data on corneal curvatures, visual 

fields, and color vision. 

(5) Objective and subjective determination of 

ametropia. 

(6) Evaluation of binocular coordination and 

accommodation. 

(7) Final diagnosis 

(8) Disposition 

a. Case presentation 

b. Follow through with Visual Treatment Plan 

including specialty areas. 

c. Direct referral when appropriate. 

B. Basic Visual Care 

(1) Detailed examination of the eye and adnexa 

(provisional diagnosis). 

(2) Perusing medical records for significant 

history and reason for visit. 

(3) Visual acuities, near and far in each eye, 

unaided and corrected. 
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(4) Object i ve and subjective determination of 

ametropia. 

(5) Evaluation of binocularity and accommodation. 

(6) Final diagnosis 

(7) Disposition 

a. reassurance 

b. visual treatment plan 

c. referral. 

c. Minimal Visual care 

(1) Applicable to basic training centers and 

time of rapid mobilization. 

(2) To include the detection of departure from 

the optimally healthy eye. 

(3) History by checklist. 

(4) Visual acuities: near and far in each eye, 

unaided and corrected. 

(5) Evaluation of ametropia . 

(6) Determination of binocularity. 

Turner states that full scope care is necessary to provide 

optimum care of the visual needs of the beneficiary and to 

maintain the overall competency of the optometrist. In addi

tion, he states that basic visual care should be provided only 

on a temporary basis to fulfill mission requirements. This 

would apply to active duty military personnel after other 

categories of patients have been restricted from the schedule 

and there is still a backlog of active duty.(l54) However, 
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high patient volume l i mits the amount of time that can be spent 

with each patient. Since basic care takes less time than full 

scope care it has become the standard in the military, and in 

many cases only minimal care can be provided. This is a 

significantly l owe r quali t y of care than can be rout i nely 

obtained in the civilian secto r and not in agreement with the 

goals of mi l itary medic i ne . (6, 52) 

The highest priority for military medicine is the full support 

of all active duty persons . However, many active duty members 

serving at isolated duty stat i ons and on sh i ps at sea do not 

have ready access to qual i ty vis i on care. I n 1981, the Navy 

had 270,000 men on ships at sea . (l47) The largest ships, the 

aircraft carriers , have up to 6000 men aboard and can be 

deployed for periods of more than a year.(91) There is no 

optometrist nor ophthalmologist on board these aircraft 

carriers and other large ships . Vision care is administered by 

an aviation trained corpsman and/or a flight surgeon who is a 

physician specially trained in aviation medicine . Both are 

capable , qualifed people but their training in vision problems 

i s often minimal; and the dema nds on their time and their own 

personal interests a r e often elsewhere . (l40) 

STATEMENT OF THE PROBLEM 

This paper investigates the use of automated refractors to 

improve vis i on care i n t he mi l i t ary . I t is postu l ated that use 
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of automated systems may increase the efficiency of the eye 

care delivery system. The goal of military optometry is to 

provide high quality vision care to all eligible members. At 

present this goal is not being met. Chronic understaffing has 

led to an overall lowering of the quality of care provided. 

This problem has three components: 

1. The overall demand for care must be satisfied. The 

population and system characteristics make this a difficult 

task. 

2. The quality of care must be improved and made rou

tinely available to all members . This is consistent with the 

overall goal of the Department of Defense and necessary for the 

well being of the members. 

3. Both must be accomplished at reasonable cost to the 

taxpayers.(l45} 

To solve this problem with present staffing levels, each mili

tary eye care specialist must function at maximum efficiency 

and at the highest level of his or her training.(lOl} The time 

available for each patient must be utilized to provide high 

quality care. 

IMPORTANCE OF THE STUDY 

The imbalance between the need for vision care and the ability 

of military optometry to supp l y this care has led to an overall 

lowering of the quality of vision care provided. It is impor-

-Page 12-



' j 

I 

Eberle, Automated Refractors 

tant that this problem be corrected because inadequate care has 

several adverse effects. 

Patients are affected in two ways: 

l. To properly diagnose visual and ocular problems a 

minimum number of tests must be conducted. When the time per 

patient is restricted the total numbe r of procedures and the 

time taken for each procedure must be limited, including eval

uation of the health of the eye through ophthalmoscopy, tonom

etry and visual fields. This increases the possibility that an 

abnormality will be missed with potentially serious conse

quences for the patient's vision. At clinics using a screening 

system there may be no direct contact between the practitioner 

and an individual patient for many years which also increases 

the possibility of a potentially serious problem escaping 

detection. A lengthy appointment backload can have a similiar 

effect. 

2. Vision is our dominant sense, so adequate visual 

skills are essential to proper job performance.(62) The 

military recognizes the importance of adequate vision in the 

rigid standards established for various job categories. Strict 

distance visual acuity standards exist, for example, for flying 

and driving.(92) Adequate ability to accommodate and converge 

the eyes is necessary for skilled performance of near tasks. 

(162) Reduced ability may prevent adequate focusing on radar 

screens, control consoles, video display terminals, type

writers, instruction manuals, etc.(78) Inadequate vision care 
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can result in poor work performance and possibly time lost from 

the job due to missed detection and treatment of these 

conditions.(ll4, 163) 

The lowered quality of care is not only a disservice to 

patients, it also affects the morale and job satisfaction of 

military optometrists.(73) Optometrists are trained to provide 

care in the areas of low vision, contact lenses, vision 

training, developmental vision and learning disabilities. 

Because of high patient volume, military optometrists are not 

able to provide these services on a routine basis.(6) As a 

result, maintaining a sufficient number of optometrists on 

active duty has frequently been a serious problem.(89) At a 

symposium of military optometrists in 1977 Ecklund reported 

that, within the Navy , optometry had the lowest retention rate 

of the Medical service Corps (29%).(1) Most military 

optometrists are dissatisfied with the level of care they must 

provide, although recent developments in the economy and the 

Health Professions Scholarship Program have at least 

temporarily eased the problem of low retention.(26) In 1974 

Greene and Fox, two military optometrists, wrote: "It is the 

opinion of a majority of military optometrists that they are 

rendering vision care which is significantly narrower in scope 

and lower in quality than that which they would be providing as 

civilians. In a recent survey conducted of all military 

optometrists, 84% of those responding felt they would be 

practicing a wider scope as civilians, and 51% felt the quality 
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of their work would be higher."(61) Civilian optometrists and 

optometry students are a l so aware of military optometry's 

reputation for lowered quality care and limited scope of 

practice.(89) These factors will probably affect future 

recruitment and retention. 

STATEMENT OF PURPOSE 

Although instruments for the automatic measurement of the 

refractive error of the eye have existed for many years, recent 

advances in electronic microprocessors and optics have made 

them accurate and reliable enough to be clinically practical. 

During this period of rapid development much misinformation and 

exaggeration has been published about the purpose and capa

bility of automated refractors. The many differences between 

objective and subjective refractors have often been overlooked 

or not fully explained. Some advertising brochures claim that 

automated refractors can significantly increase efficiency in a 

vision care clinic through increased speed of examination and 

task delegation. Manufacturers also claim that many of these 

instruments can be operated successfully by minimally trained 

technicians.(lO, 13) If these claims are true then automated 

refractors are potentially a means of improving the quality of 

care provided to each patient and of extending care to military 

personnel on large ships and other locations lacking an eye 

care professional. 
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The purpose of this study is twofold. 

(1) Distinguish between objective and subjective refrac

tors through detailed explanation of the different purposes, 

values and capabilities of these instruments. 

(2) Investigate the manufacturers' claims with respect to 

the potential value of automated refractors to the military. 

Prior to placing these instruments in clinics and on board 

ships an analysis of their accuracy, rel iability and durability 

must be made. 

The results of this study will be useful in developing an over

all policy for the incorporation of these instruments into the 

military health care system. Special attention is given to 

cost-effectiveness, since their ability to increase efficiency 

must be balanced against their high cost. If it is determined 

that automated refractors can be effectively used in the 

military, specific recommendations as to type required in 

various settings will be made. 
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METHODOLOGY 

A considerable amount of information has been written about 

automated refractors including discussions of their purpose, 

design, durability, operation and clin ical validity and 

reliability. This study reviews the relevant literature, 

analyzes these factors and applies the data to the military 

situation. 

The literature will be reviewed with particular attention to 

the impact of automated refractors on the following factors : 

(1) screening clinics 

(2) daily patient load 

(3) quality of care . 
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REVIEW OF THE LITERATURE 

BACKGROUND 

Refraction is the process of measuring the refractive status of 

the eye.(37) It is a major component of a complete optometric 

examination (vision analysis). A refraction has two parts: a 

subjective and an objective measurement of the refractive 

status.(l60) In the subjective portion the examiner, usually 

using a refractor, places various lens combinations before the 

patient's eyes. The patient is asked to choose between the 

lenses until the combination providing best visual acuity and 

binocular, comfortable vision is determined. This procedure is 

subjective because it is dependent upon reports made by the 

patient. The subjective refraction is considered the most 

accurate and reliable and, therefore, best measure of the 

refractive status. It is the standard against which other 

measurements of the refractive status are compared and the one 

most often prescribed . (l27) Whether measured subjectively or 

objectively, the refractive status will vary slightly upon 

repeated testing by the same examiner or when measured by more 

than one examiner.(l42) 

The objective portion usually precedes the subjective testing 

and forms a basis for the subjective testing. In this pro

cedure the examiner, usually using a retinoscope, observes 

light reflected from the patient's retina. By observing the 
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relative motion of this reflex compared to the movement of the 

retinoscope and the adding of various lenses , the examiner 

determines an objective measurement of the refractive status. 

In many but not all cases this measurement is nearly the same 

as the subject i ve measurement. (l8 , 45 , 133) Retinoscopy is 

patient objective because no r eports are required on the part 

of the patient . It is , however , examiner subjective because he 

or she must judge the motion of the reflex. (81, 127) 

Retinoscopy also requi res a great deal of skill on the part of 

the practitioner . (l43 ) 

A refractive measuremen t is on l y part of a complete optometric 

eye examination . A complete vision analysis also includes 

tests to evaluate t he status of the subject ' s accommodation and 

convergence at both far and near distances. 

There are two basic types of automated refracting instruments, 

objective and subject i ve re fr actors which para l lel the tradi 

tional methods of r efrac t ion . ( 47, 105) Objective refracto r s 

rapidly produce a re ti noscopy-like finding which can then be 

used as a basis for s ubj ec t ive refi nement . (l3 4 ) Many objective 

refractors are both pat ient and examiner ob j ecti ve , i.e . once 

the instruments are pr operly a l igned and activated they do not 

require judgements on the part of e i ther .( l44) Most objective 

refractors can be operated by a t r ained technician thus savi ng 

time for the eye care prof ess i onal. (4 7, 121) 
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Subjective refractors are designed to produce a final , wearable 

prescription similar to a traditional subjective refraction, 

i.e. they require patient responses as part of the measurement 

process. There is considerable variation among subjective 

refractors. some may be used by a technician to measure the 

distance refractive status only while others can be used by the 

eye care professional to do a comprehensive eye examination. 

In general, subjective refractors feature inc reased speed of 

examination, reduced size and advanced technology . 

The general term "autorefractor" is often used indiscriminately 

to refer to objective and s ubjective automated refractors. 

"Autorefractor" implies that the instrument can measure the 

refractive status accurately and give a final spectacle pre

scription automatically. However , no automated refractor, 

objective or subject i ve , can consistently pr oduce a valid 

spectacle prescription at the touch of a button.(l06) 

HISTORY OF AUTOMATED REFRACTORS 

A brief history will help expla in the development of modern 

objective refractors .(l2, 50) The first instruments used to 

measure the refractive status of t he eye were called 

optometers, a word c oined by William Porterfield (1696 - 1771). 

Optometers, the precursors of the modern automated refractors, 

can be traced back to 1619 when Chri stoph Scheiner discovered 

that a small light source viewed through a double pinhole was 
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seen singly by an emmetropic subject and doubled by an 

ametropic observer, if the separation of the pinholes was less 

than the diameter of the pupil. When he combined a double 

pinhole disc with a moveable target on a sliding scale, 

Scheiner had made the first instrument for directly measuring 

the refractive status of the eye. This Scheiner disc principle 

is incorporated into some modern objective refractors. 

William Porterfield developed an optometer based on the 

Scheiner disc principle but used slits instead of pinholes and 

a moveable vertical line for the target. The target was 

adjusted by the patient until he saw singly . A scale trans

lated this point into a dioptric measurement of the refractive 

status. Porterfield's optometer could only be used on a myopic 

subject. 

Thomas Young built the first clinically practical optometer in 

1801. He added a convex lens to Porterfield's system making 

any subject an artificial myope and, therefore, measureable. 

Badal (1876) improved the optics in his design of an optometer 

so that changing the target distance did not affect image size 

and brightness. The optical pr inciples of the Badal Optometer 

have been incorporated into some modern objective refractors. 

The instruments previously described are subjective optometers. 

In the 1930's three objective optometers, the Rodenstock Eye

Refractometer, the Topcon Eye Refractometer and the Hartinger 
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Coincidence-Refractionometer were developed. These manual 

instruments work on the same principle as an ophthalmoscope. 

The Rodenstock Eye-Refractometer, for example, operates 

similarly to a direct ophthalmoscope. The instrument projects 

an illuminated pattern onto the retina of the patient. The 

examiner then adjusts the refractometer to focus this projected 

image with the amount of adjustment corresponding to the 

patient's refractive status.(l56) The Hartinger Coincidence

Refractionometer operates s imilarly to an indirect ophthal

moscope. A condensing lens forms a real image of the retina in 

front of the eye . A te l escopic system is then manually 

adjusted to focus this aerial image. The amount of telescope 

adjustment required correlates with the refractive status of 

the eye . The Hartinger instrument adds a split-beam imaging 

system. Focusing is by image alignment rather than image 

quality and is, therefore, more precise. Although all three 

are available in some form today, they do not have the speed 

nor accuracy of more modern instruments so are not realistic 

considerations for clinical practice.(l57, 165) 

These early objective optometers were plagued by two serious 

problems.(54) The first problem, " instrument myopia ," is due 

to an awareness of the actual distance to the viewed target 

causing the refractive e rr or to be overestimated in myopes and 

underestimated in hyperopes . (SO , 54) Accommodation is the 

contraction of the ciliary muscle of the eye which allows the 

shape of the crystalline lens to change, leading to an increase 
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in the dioptric power of the eye and a change in focus of the 

eye to a nearer position.(l35) The ability to accommodate is 

essential for clear near vision, but to measure the distance 

refractive status accurately, accommodation must be relaxed 

(inactivated). Instrument myopia refers to the state of active 

accommodation that occurs for some subjects when they view a 

simulated distance target in a closed instrument. It leads to 

incorrect measurements of the refractive status. Instrument 

myopia is still a problem for many modern objective refractors. 

All of the modern objective refractors try to control instru

ment myopia in one or more of the following ways: using fog

ging lenses, blurring the target, and/or using an open view 

system. 

The second problem in using early objective optometers was 

reliance on visible light which caused glare and discomfort for 

the patient and, most importantly, pupillary constriction. 

Under these conditions measurements were very difficult or 

impossible. These problems were solved by the use of infrared 

light. Since the human eye is insensitive to infrared light 

glare, discomfort and pupillary constriction were eliminated. 

MODERN OBJECTIVE REFRACTORS 

Collins (1937) developed the first "electronic refraction

ometer."(25, 28) He was also the first to use infrared light, 

combining it and Badal Optometer optics with an oscillating 
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filament detection system to design the first automated refrac

tor. He caused a lamp filament to oscillate rapidly and to be 

reflected off the retina and on to a grating located in front 

of the measured eye. The bars and spaces of the grating 

matched the oscillation width of the filament creating an area 

of maximum contrast just beyond the grating when the reflected 

light was at its best focus . A maximum alternating current was 

thus generated when the light on the grati ng was at best focus. 

Detection of this maximum current provided a measure of the 

refractive status. This Collins 0 electronic refractionometern 

system is closely followed in the modern Dioptron . (SO) 

Modern objective refractometry became clinically feasible with 

the introduction in 1972 of the Ophthalmetron followed shortly 

by Acuity System's 6600 Autorefractor and the Dioptron. None 

of these instruments is manufactured today but all are impor

tant as a transition from the early non-automated objective 

optometers to the latest generation automated objective refrac

tors.(63) 

THE OPHTHALMETRON 

At the time of its introduction in 1972 the Ophthalmetron 

represented a signif icant advance in objective refraction 

instruments. Conceived by Aron Safir and manufactured by 

Bausch and Lomb, it was a relatively simple means of measuring 

refractive status.{l35) It was designed to be operated by a 
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technician and to improve upon retinoscopy because it was both 

examiner and patient objective. According to Safir et al. its 

main purpose was "to enhance the ability of the practitioner to 

perform total refractions". They add, "We do not mean to imply 

that the objective phase of refraction is the whole of refrac

tion or, indeed, the most i mportant part. The practitioner's 

experience and judgment remain, as always, crucial factors in 

determining whether or not the patient is made visually 

functional, comfortable, and satisfied as a result of the 

refraction."(l36) 

The Ophthalmetron operated in a manner similiar to a retino

scope but used infrared light. A chopper drum (a hollow 

cylinder with slits) rotated around a light source causing 

parallel light to sweep across the eye at a rate of 720 times 

per second. As in retinoscopy, the reflected light showed no 

motion at the point of neutrality. The neutral point was 

measured in each me ri dian and recorded as a continuous graph 

which was then interpreted by the operator to determine the 

refractive status.(79, 88) The actual measurement time was 

three seconds per eye, but due to a need for careful alignment 

the total testing time varied from three to eight minutes. All 

measurements were taken monocula r ly. A three millimeter 

minimum pupil size was necessary and the normal range of 

measurement was from -18.00 to +17.00 diopters. To test 

calibration a standardized schematic eye was included with the 

instrument.(80 , 109) 
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To prevent instrument myopia and to control accommodation the 

Ophthalmetron had a fixation target showing a rocket ship which 

was supposed to create the i l lusio. of great distance to the 

viewer, thus relaxing accommodation . (58 ) A low plus lens 

within the instrument a l so fogged the target slightly. Two 

studies involving the s c reening of approximately 500 school age 

children showed that accommodation was not well controlled with 

this instrument.(l38 , 139) The Ophthalmetron results shifted 

an average of +0.62 Diopters in those students given 

cycloplegic drops to immobi li ze their accommodation . (l38) The 

shift indicated that e xcess accommodation was present prior to 

the use of the cycloplegic. 

Keech, on the other hand , in a study of ten students concluded 

that instrument myopia was well controlled with the Ophthal

metron.(76) Floyd and Garcia a l so concluded that instrument 

myopia was well cont r olled with the Ophthalmetron. However, 

the value of their conclusion is weakened by a criterion they 

used for including a subject in their study which was wone who 

could hold steady f ixa tion a nd r elax his power of accommo

dation." Floyd and Garcia a l so r eported that the instrument 

broke down three times in the three month testing period and 

they found young children (under age 8), nervous people, and 

below average i ntellec t peopl e di fficult to test.(44) 

Two clinical studies involv ing 110 subjects showed Ophthal-
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metron results to be reliable and not significantly different 

from those of subjective r efraction and retinoscopy.(81, 136) 

The data in these two studies was not analyzed statistically. 

Bizzell et al. studied 567 eyes and found a tendency for the 

Ophthalmetron to overcorrect astigmatism.(l7) They concluded 

that the instrument was not as accurate as retinoscopy. They 

also had to reject 26% of the Ophthalmetron tracings as unin

terpretable. A simliar rejection rate was found by Guillen in 

a study of aphakic eyes .(55) 

The Ophthalmetron is no longer in production because i t was 

hard to use, relatively slow, required interpretation of a 

graph rather than giving a direct readout, was Very sensitive 

to eye movement and blinks, and did not adequately control 

accommodation. 

6600 AUTOREFRACTOR 

This instrument was developed and originally manufactured by 

Acuity systems Inc. In 1980 Trilogic assumed control and 

continued production until 1983 when the 6600 model was 

replaced with a more advanced unit, the Rx6600 Autorefrac

tor.(61) The 6600 Autorefractor was based on an earlier 

optometer developed in 1967 by Cornsweet and Crane.(32) It 

incorporated the principles of bo t h the Scheiner disc and the 

Badal optometer.(l2) 
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The original 6600 Autorefractor had several major innovations 

compared to the Ophthalmetron. First, it had an automatic fine 

alignment and eye tracking system for simplified operation. 

Second, 6600 Autorefractor results were not affected by eye 

movements or blinks. A sensing mechanism restarted the testing 

procedure automatically if a blink or eye movement occurred. 

Third, the actual recording time was reduced to approximately 

one and a half seconds per eye and the total examination time 

shortened to one and a half to five minutes. An additional 

feature was the "special patient" indicator light which warned 

the examiner of difficulties or possible erroneous results. 

To control accommodation the 6600 Autorefractor had a monocular 

pulsating green light target which was supposed to have no cues 

to stimulate accommodation.(l02) However, an environment 

lacking fixation cues can actually stimulate accommodation 

("empty space myopia").(54) Studies of the effectiveness of 

this system yielded mixed results. Pappas, Anderson and Briese 

in a study of 200 subjects concluded that the 6600 Autorefrac

tor tended to overestimate myopic status and to underestimate 

hyperopic errors, as well as tending to overestimate astig

matism corrections. They found that 49% of the 6600 Autore

fractor's results were in error by more than 0.50 diopter with 

the average error equal to 0.60 diopters more myopic than the 

subjective refraction.(l15) 

Conversely, Hill found that for 100 randomly chosen eyes 81% of 
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the 6600 Autorefractor results were within +/-0.50 diopters for 

the sphere, 92% within +/-0.50 for the astigmatism correction 

and 61% within +/-10 degrees for the axis correction compared 

to the subjective results . (68) Similar results were reported 

in three other studies.(40, 103-104) 

Problems associated with this instrument were related to its 

high price (at one time close to $33,000) and its large size. 

It also had a limited range of powers, particularly for estima

ting myopic errors (-8.75 diopters maximum). 

Cornsweet recommended that the 6600 Autorefractor be used as a 

starting point for a subjective refraction.(31) Pappas et al. 

reached a similiar conclusion, but reported that the "old 

glasses" provided an equally good starting point.(ll6) 

THE DIOPTRON 

The third automated objective refractor introduced during this 

period, the Dioptron, was designed by Munnerlyn and manufac~ 

tured by Coherent rnstruments.(llO) It was based on Collins' 

refractionometer and d iffered from the other two objective 

refractors in its method of determining the refractive status 

and its system for controlling accommodation. 

The refractive status of the eye can be computed from measure

ments taken in any three meridians.{20) Using this system, the 
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Dioptron made the minimum three measurements, but then measured 

an additional three meridians for increased accuracy and 

reliability. The second set of measurements was compared to 

the refractive status indicated by the first set. The result 

of this comparison was converted into a "confidence factor" 

which indicated the value of the test. In one clinical study 

of the Dioptron, the author concluded that rejection of the 

results based on a low confidence factor was "an almost sure 

prognostication that there is pathology p r esen t in the rejected 

eye." (90) However , another study indicated that the 

confidence factor was only a marginal indicator of 

accuracy.(l22) In a third study 60% of the eyes were rejected; 

it was later determined that 88% of that group did have eye 

pathology.(77) Conditions which may be associated with both a 

low confidence factor and ocular pathology are: (1) small 

pupils, (2) lens opacities, and (3) ir r egularities of the 

cornea, retina and vitreous humor .( 90) 

To control accommodation the subject fixated the target binocu

larly, although measurements were taken monocularly.(34 , 84) 

The eye being measured was automatically fogged (blurred) +1.50 

diopters while the other eye viewed a photographically blurred 

starburst targe t. Alignment of the Dioptron was not as criti

cal since the whole pupi l was used f o r alignment and measure

ment. The Dioptron, also, required less skill to operate than 

the Ophthalmetron and 6600 Autorefractor. It, too , was 

programmed to automatica lly restart the measurement process if 
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the subject blinked.(33, 85-86) 

Four clinical evaluations of the Dioptron indicated that it had 

high reliability and validity without significant instrument 

accommodation.(39, 90, 122, 144) Only one study reported a 

high failure rate and unacceptable results.(77) The Dioptron 

has been used successfully in an orthokeratology practice, but 

it was reportedly difficult to use for refractions over contact 

lenses.(60, 87) 

Following their eval uation Sloane and Polse suggested that the 

Dioptron would be useful in mass screening applications and as 

a substitute for retinoscopy.(l44) Pose and Kerr reached a 

similar conclusion, but added that its use as a replacement for 

subjective refraction was not warranted because of the number 

of Dioptron results differ ing substantially from the subjective 

refraction. They also stated, "This trend toward sophisticated 

and efficient examination equipment will continue to reduce the 

role of the ophthalmic practitioner in the data-gathering 

process and thereby allow more time for diagnostic and treat

ment activities."(l22) Following his evaluation of the Diop

tron, Leigh concluded that the Dioptron was very accurate but 

did not replace the skill and judgement of the doctor in making 

the final diagnosis or writ ing the spectacle prescription.(88) 

The major disadvantage of the Dioptron was its slow recording 

time of about 20 seconds per eye which made it difficult to use 
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on the very young and the inattentive. There is also some 

evidence that the method used to control accommodation was 

ineffective. The Dioptron was discontinued in 1977 in favor of 

an improved model, the Dioptron II Ultima. 

Although the Ophthalmetron, 6600 Autorefractor and Dioptron 

have all been discontinued or replaced by more modern instru

ments, they were important advances in the development of 

automated objective refractors. Many of the principles and 

features used in these instruments are incorporated into the 

objective refractors available today. 

Described next are three other automated refractors which are 

no longer being manufactured. They were introduced after the 

Ophthalmetron, 6600 Autorefractor and Dioptron and represent an 

intermediate stage in the development of the modern automated 

refractor. 

I. DIOPTRON II ULTIMA - In 1977 the Dioptron was replaced by 

the Dioptron II Ultima. The most notable improvement was the 

three indices of accuracy used to compute the confidence 

factor. French and Wood reported that this improved confidence 

factor was now "an important correlate of subjective validity." 

(49) The results of several studies attested to the Ultima's 

high correlation with retinoscopy and to its improved correla

tion with the subjective refractive status.(48, 93, 107, 153, 

167). The Dioptron II Ultima was also more compact and had a 
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more rapid recording time of 10 seconds per eye. Its 1983 list 

price was $18,500. Manufacture of this instrument was discon

tinued in 1983.(35, 108, 166) 

II. DIOPTRON NOVA - The Nova was introduced in 1981 as a less 

expensive, portable (57 lbs.) alternative to the Ultima.(l4 , 

36) It had fewer operating controls and was monocular.(59) 

The Nova had a "Path Alert" indicator that was based only on 

the level of light reflected from the eye.(l65) There are no 

clinical studies available. Its 1983 list price was $12,800. 

III. CAVITRON SUBJECTIVE AUTOREFRACTOR-7 - This subjective 

automated refractor monocularly "estimated" the distance 

refractive status using spherical lenses only.(60) It did not 

have any spherical or cylindrical refinement capability but did 

have some ability to measure the convergence and accommodation 

systems at far and near. It cost about $9,000.(14, 71, 82) 

CURRENT OBJECTIVE REFRACTORS 

I. RX6600 AUTOREFRACTOR- Introduced in 1983 by Tri l ogic Corp., 

the Rx6600 Autorefractor, like i ts predecessor the 6600 Autore

fractor, provides rapid measurement and automatic tracking and 

alignment. Improvements are limited t o changed location of 

operator controls and use of a better printer. The printout 

includes a confidence grade and the interpupillary distance. 

The test (vertex) distance is adjustable for measuring the 
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refractive status fo r spec tac l es or contact lenses. The range 

of spherical lenses is - 8.25 to +15.75 with up to 6.00 diopters 

of cylinder. The 1983 list pr i ce was $18,800 . (61) 

II. NIKON NR2000 - The Nikon NR2000 operates on t he same 

principle as the r etinoscope . This monocular instrument i ncor

porates an interesting au t omat ic fogging sys t em for accommoda

tion control. The ta r get , a black star on a yellow background, 

appears blurred to the subjec t during a l ignment . When the 

testing begins the t arget clears momentarily then slowly fogs; 

at the point of max i mum fogging the r eading is made . The 

fogging process take s 0 . 5 t o 1 second and the act ual measure

ment takes 0.3 seconds . The NR2000 is programmed to ignore 

blinks and to alert the operator whenever a poor quality signal 

is obtained. The primary l i mitation of the Nikon NR2000 is its 

patient alignment system which is manual and critical. The 

range of spherical lenses is -15.00 to +15.00 with up to 6.00 

diopters of cylinder . Evaluations of the effectiveness of this 

system have not been published . Its 1983 list price was 

$11,900.(14 , 61, 113 ) 

III. NIDEK AR3000 - So l d a nd se r viced by Marco Equipment, the 

Nidek AR3000 features au t oma t ic fogging, rapid measurement (0.5 

seconds) and a wide range of lenses. A v i deo display makes 

alignment r apid a nd simpl e . Comput er i nterface capability is 

included. The AR300 0 i s smalle r a nd more compact than prece

ding models from t hi s c ompany . A p l anned fut ur e model, the 
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AR3300, will also have visual acuity measurement capability. 

The range of spherical lenses is -15.00 to +20.00 with up to 

7.00 diopters of cylinder. The 1983 list price of the AR3000 

was $13,995.(14, 61, 112, 150) 

IV. HUMPHREY AUTOMATIC REFRACTOR - The Humphrey Automatic 

Refractor is an object ive automated refractor with visual 

acuity and sphere refinement capability. It has automatic fine 

alignment and eye tracking. Fixation is binocular but it 

measures one eye at a time . It is programmed to ignore blinks 

and to print out a reflex number to indicate the relia

bility/validity of the recording. Accommodation is relaxed by 

a blurred colored light target followed by a fogged visual 

acuity test chart. Its unique features are (1) the objective 

finding can be verified subjectively through an internal visual 

acuity chart and (2) the objective sphere finding can be 

manually adjusted by the operator. No clinical studies have 

been published. The range of spherical lenses is -12.00 to 

+20.00 with up to 6.00 diopte rs of cylinder. The 1983 list 

price was $15,950.(14, 61, 149) 

v. CANON AUTOREF R-1 - The unique feature of this instrument is 

the use of a non-simulated test distance in an open view 

system. It uses an external target which may be placed at any 

distance. This innova tion reduces or eliminates instrument 

myopia, allows binocular fixation and permits limited testing 

of near vision . (l4) It has the fastest measuring time (0.2 
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seconds) and a video display for easy alignment. Because it 

uses an external target, it needs more room and reduced room 

illumination. No clinical studies have been published. The 

range of spherical lenses is -15.00 to +15.00 with up to 7.00 

diopters of cylinder. The 1983 list price was $11,800.(5, 59) 

VI. DICON AR5000 - The Dicon AR5000 also uses an open view 

approach but without an external target. Rather, the binocular 

target, a fixation light, is imaged onto a glass plate in front 

of the subject's eyes. The AR5000 has a variable vertex 

distance and an error signal. It also has a standard computer 

interface and automatic fogging and eye tracking, plus visual 

acuity measurement capability based on a contrast sensitivity 

method. No clinical studies have been published. The range of 

spherical lenses is -15.00 to +20.00 with up to 6.00 diopters 

of cylinder. It lists at $7,995.(14, 30, 61) 

campbell, a scientist at Humphrey Instruments, claims that the 

Canon Autoref R-1 and the Dicon AR5000 will have difficulty 

determining the correct refractive error in hyperopes as a 

hyperopic subject tends to accommodate while looking at an 

object in open space.(22) However, Canon's specially designed 

target and Dicon's automatic fogging system are designed to 

overcome this problem. Another solution is to measure the 

refractive status while the patient wears temporary plus lens 

spectacles. A clinical evaluation of Campbell's claim needs to 

be undertaken. 
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Four manual objective refractors are still available. (14, 60-

61) Manual operation means that the operator must focus and 

align the test images to determine the refractive status; it is 

not done automatically. Three of the refractors are updated 

versions of the corresponding 1950's instruments. Two models, 

the Rodenstock Eye Refractometer PR-50 and the Hartinger 

Coincidence Refractionometer, are manual and use visible 

light.(l9, 54) The Topcon Eye Refractometer RM- 200B now uses 

infrared light for illumination and a television monitor to 

simplify patient alignment, but must be operated manually.(l52) 

The fourth, the Hoya MRM, is very similiar to the Topcon.{60) 

Because none of the four have a system for relaxing accommoda

tion, all are subject to variability due to instrument myopia. 

(56, 157) But accessories can sometimes be added to encourage 

accommodative relaxation.(l32) 

Objective automated refractors are changing very rapidly. Most 

of the models currently available were introduced or improved 

within the past two years; therefore, very little clinical data 

is available. Indications are, however, that they are becoming 

increasingly accurate, reliable and successful in controlling 

accommodation.(l65) 
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CURRENT SUBJECTIVE REFRACTORS 

To subjectively measure the refractive status using a refractor 

the patient is asked to respond to changes in lens power until 

maximum visual acuity with the most plus (least minus) power is 

achieved. Subjective automated refractors require patient 

response in the same way. The goal in both cases is a final, 

wearable prescription. Three instruments are included in this 

category: the American Optical SR-IV, the Bausch and Lomb IVEX 

and the Humphrey Vision Analyzer. 

I. AMERICAN OPTICAL SR-IV - A brochure published by the 

manufacturer calls this instrument a Programmed Subjective 

Refractor .(3) The SR-IV is based on Guyton's Astigmatic 

Optometer (1972) and is a refinement of the SR- III introduced 

in 1977.(59) Beginning with any preliminary finding, such as 

retinoscopy, the AO SR-IV can be used by a trained assistant to 

determine the distance refractive status under monocular 

viewing conditions. The normal procedure is t~ have the 

patient refine the sphere by turning a control knob until the 

point of best acuity is reached . he astigmatic correction is 

then measured using a special target, and finally the sphere is 

refined using a bichrorne (red/green) target. The evaluation 

procedure usua lly takes 2-4 minutes per eye . The results of 

the initial evaluation can be verified or modified while the 

patient views an internal visual acuity chart. The visual 

acuity chart can also be blurred as necessary to control 
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accommodation. The range of spherical lenses is -20.00 to 

+20.00 with up to 8.00 diopters of cylinder. 

l The instrument has several advantages. First, its small size 
1 

allows it to be used in a room as small as 5'X5 '. It has 

single button automatic sequencing of the tests for very rapid 

examination of the routine patient. The Simulcross target, a 

specially designed Maltese Cross, used for measuring the cylin-

der power and axis, is a definite advantage. Patients are 

sensitive to small differences with this target. The two 

choices are presented simul taneously allowing the patient to 

make a direct comparison, as opposed to the sequential 

presentation technique used with the standard phoropter . (59) 

The SR-IV has several limitations. It measures the refractive 

status under monocular viewing conditions and only measures it 

at distance. There is no way to balance the accommodative 

stimulus between the two eyes. An imbalance can affect visual 

efficiency, comfort and acuity. There are no tests of 

accommodation and convergence; these must be done separately 

using a refractor or other instrument . The largest letter on 

the acuity chart is 20/200 (87 mm. overall height) which is not 

large enough for patients with high refractive errors and/or 

low vision patients. 

Several studies have examined the reliabi lity and validity of 

the SR-IV and its predecessor , the SR-III .( 7- 8, 46, 120, 164) 
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Bannon and Waltuck compared the refractive error as measured 

with the SR-IV to that measured with the standard refractor on 

682 patients.(9) The refractive error findings with the SR-IV 

were within: 

Sphere: +/-0.25 - 71% 

+/-0.50 - 92% 

of the standard refractor results. 

Cylinder: +/-0.25 - 80% 

+/-0.50 - 95% 

Grosvenor et al. studied 131 myopes (ages 6-15) and found that 

the SR-IV tended to overestimate the myopia slightly (median: 

-0.75 diopters for the sphere) compared to a conventional 

refraction.(53) They attributed the difference to the lack of 

binocularity with the SR-IV: instrument myopia might also be a 

contributing factor. They found the repeatability of the SR-IV 

to be as good as that with the standard refractor. Its 1983 

purchase price was $22,000 including a one year parts and labor 

warranty. 

II. BAUSCH AND LOMB IVEX - IVEX is an acronym for Integrated 

Vision Examination System. Like the SR-IV, the IVEX has a 

compact optical system. However, unlike the SR-IV, the IVEX is 

designed to be operated by the professional and to replace the 

standard refractor, chair, stand and projector~ It can be used 

for a complete visual analysis including retinoscopy, measure

ment of the subjective refractive status and measurement of 

convergence and accommodation at a far and a near test dis

tance. The printout includes the retinoscopy and subjective 
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findings plus the reading prescription.(60, 72) 

The IVEX has two basic parts: the main instrument and the 

keyboard/display module. The keyboard has touch controls for 

the slides, lenses and prisms used in the instrument. Seven

teen slides are available. The range of lenses is +19.75 to 

-28.00 sphere, up to 7.75 cylinder and 15.00 diopters of prism 

for each eye. Patient alignment is readily accomplished using 

electrically ope~ated controls.(l4) 

The IVEX has several important features. 

(1) It can be used to conduct a comprehensive examination 

including retinoscopy. The IVEX has a moveable back panel 

which opens when the retinoscopy function is activated.(l30) 

(2) The examiner has great flexibility in conducting the 

examination. Test sequence and conditions can easily be 

altered by the examiner. 

(3) The principles of examination are familiar to a 

professional examiner. The techniques used with the IVEX, such 

as the Jackson Cross Cylinder and the Risley prisms, are 

similar to those of a standard refractor. 

(4) The IVEX needs only a small space for operation; a 

room large enough for the examiner, the patient and the instru

ment itself, which will fit on a 2 ft. by 3 ft. table. This 

is much less space than the 20 ft. lane needed for the standard 

refractor. 

(5) Binocular refractions are easy to do with the IVEX. 
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Two clinical studies comparing the IVEX System to the standard 

refractor have been completed. Roggenkamp et al. found that, 

" ... the IVEX System can be used in place of a refractor for 

determining the distance refraction. The difference between 

methods is on the order of 0.25 to 0.37 diopters with the IVEX 

System yielding results with less plus or more minus sphere 

power than the conventional refractor."(l3) Colson and Shute 

reached a similiar conclusion but found an adjustment for 

instrument myopia of -0.172 diopters. They also compared 

refraction with the IVEX system to a traditional monocular 

refraction for each of the 21 test procedures that comprise a 

complete vision analysis. They found small but statistically 

significant differences on the tests of vergence, amplitude of 

accommodation and positive relative accommodation. (29) 

The IVEX has several drawbacks. 

(l) Operation of the instrument is unfamiliar to most 

military optometrists. Although the principles of examination 

using the IVEX are similar to that of the standard refractor, 

the actual operation is not identical. For the typical examin

er, touching buttons on a control panel to change lenses and 

test distances, and not being able to view what the patient 

views are significant differences . 

(2) some of the test results using the IVEX do not corres

pond precisely with a traditional refraction . Colson and Shute 

found statistically significant differences on the tests of 
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vergence, amplitude of accommodation, and positive relative 

accommodation. They also found that the standard IVEX targets 

for phoria testing and binocular refraction produced results 

which were statistically different from those of a standard 

refraction.(29) 

(3) It is slow. From personal observation, The IVEX makes 

internal target and lens changes consecutively rather than 

simultaneously. 

(4) Target contrast is very high, so best visual acuity 

may be overestimated. 

(5) Instrument myopia is present and may be a significant 

factor in some patients. The 1983 price of the IVEX with 

accessories was $20,800. 

III. HUMPHREY VISION ANALYZER - The Vision Analyzer, introduced 

in 1976, is a subjective binocular refracting instrument. It 

also is intended to replace the conventional chair, stand, 

refractor and projecter. The Vision Analyzer has a unique 

"remote refraction" system in which the lenses, actually 

located in the instrument console, are projected in front of 

the subject's eyes by a concave mirror.(l4) Thus, there are no 

lenses in front of the subject's eyes. A dual channel system 

allows monocular or binocular testing without occlusion. used 

by a professional, this instrument is capable of a complete 

vision examination, although the prism range is limited to 10 

prism diopters. Through special clutch mechanisms the subject 
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can adjust the lenses to the proper endpoint.(ll, 65, 69) 

The variable focus lenses ranging from -20.00 to +20.00 diop

ters of sphere and up to 8.00 diopters of cylinder represent a 

significant advance in optics.(2) It has excellent capability 

for refraction over spectacles or contact lenses.(70) Other 

features include its acceptance by patients and the special 

astigmatism testing targets.(21, 42, 66, 117, 168, 169) In 

addition, the test results are not affected by ambient illumin

ation. ( 42, 70) 

Problems associated with this instrument are the limited prism 

range and the critical patient alignment required. Other 

disadvantages are its large size, critical console to mirror 

distance, and unfamiliar refracting technique. The Vision 

Analyzer uses different targets for convergence and accommoda

tion testing which yield results that do not correlate 

precisely with standardized refractor results.(l59) 

Kratz and Floro's (1977) study involving 21 patients determined 

that the Humphrey Vision Analyzer was as valid and reliable as 

a standard refractor in measuring the refractive status.(83) 

Another study concluded that this instrument can be used to 

accurately determine near vision prescriptions for presbyopic 

patients.(l51) The 1983 price was $31,750. 
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FUTURE INSTRUMENTS 

Two instruments presently under development give an indication 

of what will be available in the future. 

The first is the Dioptron TRS (Total Refraction System) from 

Coherent Instruments. The TRS will provide both objective and 

subjective refractive findings using a monocular simulated 

distance target. Once the refractive status has been measured 

objectively, the lenses (sphere, cylinder and axis) can be 

manually adjusted by the operator. Although it is an improved 

system, cylinder adjustments must still be made on a trial and 

error basis rather than systematically as with the standard 

refractor.(61) The TRS will also have a five inch video 

display terminal to monitor eye alignment and display operating 

instructions; it will also have capability for visual acuity 

determination based on contrast sensitivity . {l4} 

The second refracting system has been under development by Marg 

and his co-workers s i nce the early 1970's.(95-98) Their system 

couples a d i gital computer t o an electrically actuated refrac

tor to determine the refractive status without a clinician, 

although professional interpretation of the data is still 

required. The third model has been improved to the point where 

95% agreement has been obtained compared to conventional 

refracting techniques.(99) Accommodation and convergence 

testing with this instrument is still under development. 
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Both objective and subjective instruments are becoming more 

accurate, more reliable, and less expensive. In the future, we 

are likely to see further development of combination instru

ments providing full subjective refinement of the objective 

results.(6l) There will also be improved methods for control

ling instrument accommodation and for evaluating accommodation 

and convergence. We may also see major changes in practice 

style as automated refracting instruments are incorporated into 

vision care clinics.(57) 
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ANALYSIS 

A meaningful conclusion can be made about the value of a 

specific automated refractor only if a clear distinction is 

made between objective and subjective types. The two kinds are 

different in purpose so that direct comparison of both types is 

illogical. Comparison of individual models will be limited to 

a specific type, objective refractors and subjective 

refractors. 

A complete vision examination (vision analysis) includes an 

evaluation of the health of the eye, an objective measurement 

of the refractive status, a subjective measurement of the 

refractive status, and measurements of accommodation and 

convergence. From this data, plus the case history, the 

examiner uses established guidelines and professional judgement 

to prescribe a course of treatment, e.g. a spectacle 

prescription. A satisfactory spectacle prescription can not 

consistently be determined from a single measurement. All of 

the data must be considered to formulate a correct spectacle 

prescription. The subjective refractive status measurement is 

the basis for the final lens prescription, but it is often 

modified depending upon the results of the other procedures. 
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OBJECTIVE REFRACTORS 

The objective refractive status, whether measured with a 

retinoscope or an automated objective refractor, is not 

identical to the subjective refractive status. The objective 

status is measured over a larger and possibly different area of 

the retina and excludes psychological interpretation of 

detail.(l4, 50) The objective measurement, while very useful, 

can only be considered preliminary information . The result of 

objective testing is not a spectacle prescription; it is always 

an approximation of the final prescription, and in many cases, 

it is the same. In special cases, e.g. a patient unable to 

communicate with the examiner, the spectacle prescription may 

have to be determined solely from the objective measurement. 

As a measure of the objective refractive status, retinoscopy 

has two advantages: the instrumentation is inexpensive and the 

examiner gets an indication of the clarity of the media of the 

eye as when a cataract is present. The disadvantages of 

retinoscopy are: (1) it is examiner-subjective and thus 

variable depending upon his or her skill and (2) it consumes 

professional time because of the level of skill required. This 

is an important factor only if time is limited and could be 

spent on other procedures.(SO) 

The two advantages of an objective automated refractor are: (1) 

it can be operated by a technician, saving time for the eye 
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care professional and (2) it is examiner-objective, the results 

are independent of operator skill or bias. Objective automated 

refractors do not work well on patients with pupils smaller 

than 3 mm., on some patients examined while wearing spectacle 

lenses, and on patients with media opacities such as 

cataracts.(l4, 56) 

There are currently six models available. In choosing among 

them several factors must be considered. 

(l) Validity - This term poses the question, "Does this 

automated refractor truly measure refractive status?• Several 

factors affect the answer.(60, 139) Firstly, comparisons are 

very difficult as there are three independent components of the 

refractive status: the sphere, the cylinder and the axis. A 

particular model might measure one component more accurately 

than another or might determine a value for a component (eg. 

the axis) when no astigmatism exists. Secondly, these 

instruments are so new that little evaluative data is 

available. There are many clinical studies of the 

Ophthalmetron, 6600 Autorefractor and Dioptron which give an 

indication of the validity of objective automated refractors as 

a class, but there are very few studies of the current models. 

There are especially few studies comparing one model to 

another. Thirdly, there is no single standard of comparison. 

Both the subjective status measured with a refractor and the 

objective status measured with a retinoscope have been used as 

the basis for comparison. Fourthly, the standard of comparison 
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may vary upon repeated measurement or when measured by 

different examiners.(?) 

To produce valid measurements, the objective r~fractor must 

have an effective system to control accommodation. All of the 

objective automated refractors have some method, but the open 

view design of the Dicon AR5000 and the Canon Autoref R-1, and 

the binocular fogging system of the Humphrey Autorefractor seem 

to be superior to the others. 

In 1982, Wood compared the Humphrey Autorefractor, the Canon 

Autoref R-1, the Dioptron II, the Nidek AR2000, the Nikon 

NRlOOO, the Ophthalmetron and the Topcon RM-200 for validity 

and reliability by analyzing the results of studies involving 

these instruments.(l65) He found on average that 50% of the 

spheric~! components and 75% of the cylinder power results of 

the infrared (objective) refractors were within +/-0.25 

diopters of the subjective results. He found that the newer 

instruments were much more accurate than the older models. The 

correlation was better than that of retinoscopy to the subjec

tive refractive status. It must be pointed out that some of 

the studies cited had very small samples and/or were conducted 

by the manufacturers themselves. Also, some models have since 

been changed. 

Wood concluded from his review that "those instruments based on 

retinoscopy or the Scheiner disc do not appear to perform as 
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well as those instruments based on quality image method of 

measurement."(l65) This conclusion favors the Canon Autoref 

R-1 and the Humphrey Autorefractor. Kleinstein feels that 

validity should be the primary factor in choosing one instru

ment over another.(78) However, Polse and Kerr point out that, 

if used as a replacement for retinoscopy or as a screening 

instrument, validity need not be as high.(l22) 

(2) Reliability - This refers to the repeatability of the 

finding. The results of several studies indicate very high 

reliability for virtually all of the current automated objec

tive refractors; higher reliabililty than a human examiner 

using traditional retinoscopy. Wood's limited comparison 

indicated highest reliability for the Humphrey Autorefractor 

and lowest for the Nidek AR2000.(165) The Humphrey Autorefrac

tor and the Nikon NR-2000 have reliability indicators to help 

identify erroneous results. 

(3) Ease of operation - For better patient co-operation 

speed of measurement is important. The canon Autoref R-1 has 

the fastest measurement time of 0.2 seconds, but when patient 

adjustment time is included, the Humphrey Autorefractor has the 

shortest estimated total time needed (2-5 minutes). To make 

operation easier the Humphrey Autorefractor and the Rx6600 

Autorefractor have automatic fine alignment and eye tracking 

systems. The Canon Autoref R-1 and the Nidek AR-3000 have a 

video display to simplify patient alignment, and the Canon 
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Autoref R-1 has the fewest operating controls.(60) Concerning 

ease of operation, Guyton wrote in 1983, "All of the instru

ments are easy to operate. The Nidek AR-3000 appears to be the 

easiest to operate."(61) 

(4) Durability - Studies of this factor are very limited. 

Breakdowns of the early instruments were a serious problem, but 

the latest generation seems to be more durable as there are 

fewer reports of breakdowns in the literature.(33, 44) The 

Nikon NR2000 has a two year warranty while the others have a 

one year warranty: this may be an indicator of durability. 

Wood points out that reputation for service should be an impor

tant consideration when choosing one of these instruments.(l65) 

Because the Rx6600 Autorefractor has been manufactured for a 

much longer time than the other instruments currently avail

able, it may be more trouble free. Based on physical appear

ance, the Rx6600 Autorefractor and the Humphrey Autorefractor 

appear to be the most solidly built. None of the instruments 

have a specific way for the user to check or adjust 

calibration. 

(5) Cost - The Dicon AR5000 ($8,000) has the lowest and 

the Rx6600 Autorefractor ($18,800) has the highest initial 

purchase price of the currently available objective automated 

refractors. The list price of several models has dropped 

significantly in the last few years. Because competition is 

increasing, this trend may continue. 
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The initial purchase price must be compared to the effective 

cost to determine the true value of an 'instrument. There are 

approximately 250 different military medical facilities where 

eye care is routinely provided. There are also twelve aircraft 

carriers and a large number of isolated duty stations with 

limited eye care. It is possible that 300 different sites 

could be identified as benefiting from the use of an automated 

refractor. This does not include the likelihood that large 

facilities with mobile eye units or separate screening clinics 

could use more than one instrument. The price range of current 

objective and subjective automated refractors is from $8,000 to 

$32,000. Based on 300 sites, the total cost of automated 

refractors to the military would range from $2.4 to $9.5 

million. Using an eight year instrument life span, the annual 

cost would range from $0.3 to $1.2 million. subsequent 

discussion will show that, in military eye clines using an 

objective automated refractor, an optometrist with an average 

patient load will be able to increase his daily volume by 1.5 

patients. This is a 10% patient volume increase. To get the 

same effective increase in patient volume through increased 

staffing would require adding approximately 47 optometrists 

(plus appropriate support personnel and facilities). Using 

$40,000 as an average salary, the cost of the additional staff 

would be $1.88 million in yearly salaries alone. On this 

basis, using automated refractors instead of increased staffing 

to increase patient volume would result in an annual savings of 
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$0.7 to $1.6 million. 

considering the high initial purchase price and the very high 

possible total cost, can automated refractors be truly cost

effective? In 1980, Felliti addressed this issue with regard 

to the use of automated equipment within the Kaiser Permanente 

HM0.(43) He stated, nour experience indicates that costly 

automated equipment turns out to be the least expensive in the 

long run ... In a high volume operation, labor costs predominate 

over equipment costs.n He feels that because they save time 

and labor, automated instruments are cost-effective. Another 

study concluded that when manpower resources are limited, it is 

neconomically unfeasible for a health practitioner to perform 

those routine duties which can easily be performed by someone 

with much less technical training and knowledge.n(62) One way 

to achieve high quality/low cost care is by allowing each 

person to function at the highest level of his or her training. 

An objective automated refractor allows performance of an 

additional duty by a lesser trained (and, therefore, lesser 

paid individual). Whether used to increase the number of 

patients seen or to provide a better quality of care, automated 

refractors can be cost effective. 

(6) Special Features - With the Humphrey Autorefractor the 

objective finding can be subjectively verified and modified 

through an internal visual acuity chart. The Canon Autoref R-1 

can be used to measure the amplitude of accommodation by 
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setting the external target at different distances. 

Following his study, Wood did not recommend a single, best 

automated objective refractor.(l65) He did suggest that the 

Humphrey Autorefractor and the Canon Autoref R-1 have outstand

ing features which make them a likely "best buy." My own 

analysis confirms this conclusion, but the best instrument for 

any particular setting must be determined on an individual 

basis. The Canon Autoref R-1, for example, while an outstand

ing instrument, works best with a minimum viewing distance of 

five meters, a requirement that is not always easily met. When 

the Dioptron TRS is introduced it may prove superior to all of 

the presently available models. At the present time clinical 

data is too limited to make a more specific statement. 

Recommendations which have been made about the best use of 

objective automated refractors include the follow-up care of 

contact lens patients, the refraction of aphakic patients (who 

have no ability to accommodate and on whom conventional refrac

tions can be difficult), the examination of very young child

ren, and in any high volume practice.(lO, 33, 68, 115) One of 

the most frequently made recommendations is as a screening 

device.(l7, 122, 144} The problem with screening clinics is 

twofold: (1) getting enough information in a short time to make 

an appropriate decision and (2} evaluating the ocular health of 

those patients who do not need furthur referral. An objective 

automated refractor increases the information available without 
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using professional time. A participating eye care specialist 

can limit himself/herself to ocular health evaluations, patient 

interviews, and data analysis. This will lead to more 

appropriate referrals and a more efficient screening clinic. 

There are five settings within the military system where an 

objective automated refractor can make a significant contribu

tion; the screening clinic, the full-service eye clinic, the 

recruit processing center, ships, and isolated duty stations. 

Its value in a screening clinic has been described previously. 

Many of the patients seen in an optometric clinic do not need a 

complete vision analysis. Some, for example, only need a form 

completed (eg. driver's license renewal or school physical) 

while others want a regular check-up but do not have a specific 

complaint. Morris estimated that 20-30% of patients visiting 

military optometric clinics do not need vision care.(l5) From 

ten years experience as a Navy optometrist, I have learned that 

about 25% of the prospective patients can be handled satisfac

torily at the screening clinic level. Explaining the value of 

screening clinics to the military, Vasa wrote, " •..• numerous 

individuals eligible for vision care at military facilities 

seek this care, (and) request examination even though there are 

no manifest visual problems or complaints. This emphasizes the 

need for adequate, careful screening techniques which readily 

determine those individuals who require vision care. Good 

screening procedures help the military optometrist use his time 

more effectively and are essential to the proper operation of 
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any busy clinicn.(l5) A screening clinic can be an effective 

means of sorting out those who do not need professional care 

and in the process improve overall efficiency by 20-30%. An 

objective automated refractor can help ensure that the appro

priate decision is made about the proper care of each patient. 

An objective automated refractor may also be useful in the 

full-service eye clinic. Many Navy optometrists schedule 

sixteen patients daily or one patient every thirty minutes for 

a vision analysis. Several studies estimate that retinoscopy 

takes about three minutes per patient.(62 , 135) This times 

sixteen patients equals 48 minutes saved daily, the equivalent 

of an additional 1-1/2 patients a day. In one user survey the 

estimated amount of time saved varied from 2-15 minutes per 

patient.(33} In the same survey 41% of the responders felt 

that they could increase the size of their patient load as a 

result of using an objective automated refractor. 

Many authors feel that the best use of an objective automated 

refractor is not to increase patient volume but to increase the 

quality of care provided.(lO, 47, 50, 84) When an objective 

refractor is used by a technician in place of retinoscopy, the 

time usually spent on ophthalmoscopy or visual field screening 

or patient consultation can be almost doubled according to 

Haffner's time analysis . (62) In addition, studies have shown 

that efficiency is much higher in eye clinics using trained 

ancillary personnel.(l25) Many tasks can be delegated without 
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adverse effects on the quality of care. When this is done the 

specialist can concentrate on those tasks utilizing his 

skills.(86, 146) Trained technicians are available in 

virtually all military eye clinics and an objective automated 

refractor would increase their productivity and contribution to 

overall clinic effectiveness. 

The quality and efficiency of vision care provided at a recruit 

processing center can also be improved through the use of an 

objective automated refractor. At recruit processing centers 

an optometrist may be required to evaluate the visual status of 

thirty or more individuals in less than three hours. Because 

of the limited time, a complete vision evaluation is 

impractical. Spectacle prescriptions must often be based on 

the retinoscopy (objective ) measurement only. An objective 

automated refractor may be useful in two ways: (1) it provides 

more accurate screening to determine which patients do not need 

professional evaluation and (2) it replaces retinoscopy as a 

measurement of the refractive status. This may reduce the 

total number of patients needing professional evaluation. In 

addition, with retinoscopy unnecessary, the optometrist can 

devote more time to evaluation of ocular health or refractive 

status. The result would be better care, more accurate 

prescriptions and possibly faster recruit processing. 

Another situation where an objective automated refractor may 

offer time or manpower savings is on large ships and at isola-
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ed duty stations where professional vision care is not 

routinely available. Sagan, a Navy-Reserve optometrist, has 

written about his experience with an objective automated 

refractor on an aircraft carrier.(l40) He feels that while the 

flight surgeon and aviation medicine technician have some 

background in eye examination, retinoscopy is often a limiting 

factor. He feels that for them "the availability of an 

autorefractor would greatly assist in providing the appropriate 

spectacle correction." An objective automated refractor could 

be used by trained personnel to help with refractions by 

eliminating the need for retinoscopy, or to screen patients so 

that when professional eye care is available; efficient, appro

priate care is given. Because it yields only preliminary 

information, it must not, however, be used as the sole basis 

for prescribing lenses. 

SUBJECTIVE REFRACTORS 

While the objective automated refractors yield preliminary 

information, as a group the subjective automated refractors are 

designed to measure the refractive error as interpreted by the 

patient and produce a result comparable to that measured by 

conventional means. They are much more complicated to operate 

than the objective instruments and require a higher level of 

patient co-operation and participation. The three models 

currently available are so different that they are best 

examined individually. 
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The American Optical SR-IV is different from the other two 

models in this category in that it is not designed as a 

replacement for the conventional chair, stand, refractor, and 

projector (eye lane). It is designed for operation by an 

advanced technician as a supplement to conventional examination 

procedures. The result of testing with the SR-IV can only be 

considered preliminary subjective information, as it is done 

under monocular viewing conditions and only at a simulated far 

testing distance. Because there are no provisions for 

binocular balancing or tests of acccommodation and convergence, 

the result can not be considered a complete vision evaluation 

and is not a spectacle prescription. The correlation between 

the 

SR-IV and the monocular subjective refractive error measured 

with a conventional refractor is very high, but the data 

obtained is similiar in value to that obtained with an objec

tive refractor. It is, however, slower, more complicated to 

operate, and more expensive than an objective automated 

refractor. 

The Bausch and Lomb IVEX is essentially a refractor in a 

compact housing, so it can be used for a comprehensive vision 

examination including retinoscopy. It is intended for opera

tion by an eye care professional and to replace the conven

tional examination lane. Two studies have shown that the IVEX 

System is a valid replacement for the conventional refractor in 
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measuring the distance refractive error and in determining an 

appropriate spectacle prescription. The same studies show that 

test results may be biased by a small amount of instrument 

myopia.(29, 130) 

Since only a small space is needed for operation, the IVEX may 

be useful on board ships and in mobile eye units when an eye 

care professional is available. It may also be a space saving 

alternative to the conventional examination lane when new 

clinics are being built. In the military, demand for medical 

care at any individual base can change rapidly as units are 

augmented or transferred. An IVEX may be useful in meeting a 

sudden increase in demand for vision care when extra 

professional staff is available, but space for expansion is 

not. A disadvantage of using the IVEX System as a replacement 

for the conventional refractor is its unfamiliar operation. 

This is a particularly important factor in the military where 

members are transferred regularly. 

The Humphrey Vision Analyzer can also replace a conventional 

examination lane and is used for a comprehensive vision 

examination. Although resu l ts of testing accommodation and 

convergence do not correlate precisely with standardized 

refractor results, the Humphrey Vision Analyzer's validity and 

reliability as a measure of the subjective refractive error are 

well established. Careful alignment of the mirror by an 

installation specialist and maintenance of an exact 10 ft. 
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console to mirror distance are critical to successful operation 

of the Vision Analyzer. This makes it unsuitable for mobile 

units. 

As with the IVEX, no real increase in the number of patients 

seen per doctor or the quality of care provided is likely to be 

achieved using the Vision Analyzer . Unlike the IVEX, the 

Vision Analyzer needs an 8Xl2 room, so it will not save space, 

and at $32,000 it is not a less costly alternative to a 

conventional set up. Its high price, sensitive lens system and 

unfamiliar refracting technique are other factors limiting its 

usefulness to the military. 
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SUMMARY AND CONCLUSION 

The challenge for military optometry is to provide high quality 

vision care to all members including those on ships and at 

isolated duty stations. The diversity of the eligible popula

tion and an unfavorable practitioner/client ratio make this a 

difficult task. Three steps have been taken to meet this 

challenge. They are: (1) use of screening clinics, {2) 

increased patient volume and (3) decreased quality of care. 

This paper examines the use of automated refractors as a 

furthur aid in meeting this challenge. Based on a review and 

analysis of the literature, the following statements about the 

use of automated refractors in the military may be made. 

I. No automated refractor can consistently produce a satisfac

tory spectacle prescription independent of professional 

judgement. 

II. The substantial differences between objective and subjec

tive refractors must be clearly understood in any discussion of 

the value of these instruments. 

III. Objective automated refractors rapidly provide preliminary 

refractive data. Because of their ability to save professional 

time, objective automated refractors can be valuable to 

military eye care practitioners. Their widespread use in both 

vision screening clinics and full-service eye clinics will lead 
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to increased efficiency, and from that increased patient volume 

and/or increased quality of care. The greater the demand for 

vision care, the greater will be the contribution of an auto

mated objective refractor. Their simple operation also makes 

them a practical means of improving the quality of vision care 

on ships and at isolated duty stations. 

Limited clinical data makes it impossible to identify a single, 

best model. Of the six objective automated refractors current

ly available, the Canon Autoref R-1 and Humphrey Autorefractor 

seem to be superior. The best instrument for a particular 

setting must, however, be determined on an individual basis. 

Local factors such as budget, ancillary personnel, and 

available space must be considered. 

IV. subjective Automated Refractors - Some of the subjective 

automated refractors are capable of a complete vision examina

tion when u~ed by an eye care professional. Two of them can 

replace the conventional examination lane. However, their 

operation is unfamiliar to the majority of military optomtrists 

who were traine~ on conventional refractors. There are three 

subjective automated refractors currently available. 

(1) American Optical SR-IV: The result of using the SR-IV 

is similiar in value to that of an objective automated refrac

tor, but the SR-IV's higher cost and more complicated operation 

make it a poor alternative. 

(2) Bausch and Lomb IVEX: The IVEX can be used by a 
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professional for a complete eye examination. Its small size 

and moderate price make it practical for use where space is 

limited and an eye care professional is available. This may 

save expensive floor space in new clinics and in remodeling 

expansions as well as mobile and/or field units. 

(3) Humphrey Vision Analyzer: This instrument can also be 

used by a professional for a complete subjective eye examina

tion. Because of its large size, sensitive mirror system, 

unfamiliar refracting technique, and high cost, it is not a 

suitable replacement for the conventional examination lane and 

does not otherwise offer any significant advantages. 

Some models of both objective and subjective automated 

refractors are compatible with automated data processing 

systems. This makes them well suited for use in facilities 

with computerized health records. 

Except for the !VEX, subjective automated refractors do not at 

this time appear to be a practical alternative to the conven

tional eye lane or for general use within the military medical 

system. However, althoug~ objective automated refractors only 

provide preliminary information, they can be used to signif

icantly increase efficiency in a vision care clinic.· This in 

turn can be reflected in higher quality vision care and a 

broader range of services provided to patients. Analysis of 

the literature confirms the value of objective automated 

refractors as a cost-effective way to improve the overall 
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quality of vision care available within the military medical 

system and of extending care into areas inadequately served at 

present. 

This paper describes a need to provide better vision care to 

military health care clients, and shows that some types of 

automated refractors are an effective and cost saving 

alternative to increased staffing in meeting this need. It 

describes the currently available models and provides 

guidelines for determining the best automated refractor for any 

particular setting. The eight factors which must be considered 

when choosing an automated refractor are explained. They are 

(1) need, (2) type, (3) validity, (4) reliability, (5) ease of 

operation, (6} durability, (7} cost, and (8} special features. 

These are universal factors which may be used to evaluate the 

potential of an automated refractor to any organization. 

In conclusion, both subjective and objective automated refrac

tors can be very useful to the military. One subjective 

automated refractor, the IVEX, may be a space saving replace

ment for the conventional eye lane. Objective automated 

refractors can be used to improve screening clinics and 

increase patient volume in full service eye clinics. Both 

types can be used to improve the quality of vision care 

provided. A policy supporting the use of automated refractors 

in the military should be adopted. 
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DEFINITION OF TERMS 

ACCOMMODATION - the ability to adjust the focus of the eye to 
objects at various distances by changing the shape of the 
crystalline lens 

AMBLYOPIA - reduced visual acuity not correctable by 
refractive means and not due to any observable pathology 

AMETROPIA - the refractive condition in which, with 
accommodation relaxed, the image of a distant object is 
not in focus on the retina - any deviation from emmetropia 

APHAKIA - absence of the crystalline lens of the eye, due 
usually to surgical removal 

ASTIGMATISM - the refractive condition of the eye in which 
light emanating from a single source comes to a focus in 
two different axial locations 

AXIS - the meridian of least refractive power or of longest 
radius of curvature on the toric surface of an astigmatic 
lens 

CONTRAST SENSITIVITY - ability of a subject to distinguish the 
light bars from the dark bars of a grating 

CONVERGENCE - the ability to turn the eyes so that both point 
at the same object 

CYCLOPLEGIA - paralysis of the eye muscles controlling 
accommodation, usually drug induced 

DEVELOPMENTAL VISION - that aspect of vision training dealing 
with the natural growth, processes of the visual-motor 
system 

EMMETROPIA - the refractive condition in which, with 
accommodation relaxed, the image of a distant object is in 
focus on the retina 

FUNDUS - the posterior, internal portion of the eye - the base 
of an organ 

HYPEROPIA (farsightedness) - the refractive condition in 
which, with accommodation relaxed, light from a distant 
object comes to a focus behind the retina 
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LOW VISION THERAPY - treatment of patients with subnormal 
vision (e.g. reduced visual acuity or restricted visual 
fields) uncorrectable with conventional lenses 

MYOPIA (nearsightededness) - the refractive condition in 
which, with accommodation relaxed, light from a distant 
object comes to a focus in front of the retina 

OPHTHALMOSCOPY ~ examination of the ocular fundus with special 
instruments designed for that purpose (ophthalmoscopes) 

Direct: ophthalmoscopic observation, at close range, of 
the virtual, upright, image of the fundus 

Indirect: ophthalmoscopic observation, usually at 
approximately arm's length, of the real, 
inverted, anteriorly located aerial image of 
the fundus 

PRESBYOPIA - blurring of near vision incident to advancing age, 
due to hardening of the crystalline lens and the resulting 
loss of accommodative ability 

REFRACTIVE ERROR - the degree of variation of the eye from 
emmetropia 

REFRACTOR - an instrument used to measure the refractive 
and muscular condition of the eyes; it consists of rotating 
lenses, filters, prisms and other accessories 

RETINOSCOPY - objective measurement of the refractive error by 
directing light from a retinoscope into the eye and 
noting the movement of the light reflex in the subject's 
pupil in relation to that of the retinoscope 

TONOMETRY - a clinical test to determine the fluid pressure 
within the eye 

TORIC - pertaining to a lens which has one surface with 
meridians of least and greatest curvature located at right 
angles to each other 

VISION TRAINING - the teaching and training process for the 
improvement of visual perception and/or co-ordination of 
the two eyes for efficient and comfortable binocular vision 

VISUAL FIELDS - measuring the area or extent of physical 
space visible to an eye in a fixed position 
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