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ABSTRACT

Refractometry is an essential procedure in ophthalmology for diagnosing refractive errors and associated 
diseases. A well-performed refraction examination improves visual function, reduces problems related to 
the adaptation of optical devices, and contributes to patients’ ocular health and well-being. In the current 
literature, there is a scarcity of publications providing guidelines for the steps of a refraction examination. 
With the aim of proposing a detailed protocol for this examination, a non-systematic literature review of 
scientific articles, procedural manuals on refraction techniques, and textbooks on ocular refractometry 
was conducted. The protocol presented herein includes guidance on equipment preparation, patient 
positioning, and the use of eye drops, as well as objective and subjective refraction techniques. The aim 
of the protocol is to minimize diagnostic variability, improve result accuracy, and provide support for 
both clinical practice and scientific research. Despite its systematization, the protocol emphasizes the 
importance of medical autonomy, as well as continuous training for ophthalmologists.

RESUMO

A refratometria ocular é um procedimento essencial na Oftalmologia para diagnosticar erros refrativos 
e doenças associadas. O exame de refração bem executado melhora a função visual, reduz problemas 
relacionados à adaptação de recursos ópticos e contribui para a saúde ocular e o bem-estar dos 
pacientes. Na literatura atual, há escassez de informações com orientações quanto às etapas para 
realização do exame de refração. Com o objetivo de propor um protocolo detalhado para a execução 
deste exame, foi realizada uma revisão da literatura não sistemática em que foram revisados artigos, 
manuais de procedimentos sobre técnicas de refração e livros textos sobre a refratometria ocular. O 
protocolo apresentado inclui orientações sobre a preparação do ambiente, posicionamento do paciente, 
uso de colírios e métodos objetivos e subjetivos de refração. A proposta visa minimizar variabilidades 
diagnósticas, melhorar a acurácia dos resultados e oferecer suporte tanto para a prática clínica quanto 
para a pesquisa científica. Apesar de sua sistematização, o protocolo enfatiza a importância da autonomia 
médica, além do treinamento contínuo para oftalmologistas.
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INTRODUCTION

Refractometry is a technique used to determine 
the refractive errors of a patient’s eyes. It can be used 
to diagnose refractive errors and associated diseases1. 
The main objective of refractometry is to identify a 
patient’s refractive error and correct it through the 
prescription of optical aids, with the aim of treating 
ophthalmic conditions and providing comfort and 
improved vision. Uncorrected refractive error is the 
most common cause of low vision worldwide and 
is the main reason patients seek ophthalmic care2,3. 
Therefore, undergoing a refractive examination is 
also an opportunity to prevent, diagnose, and treat 
various ocular diseases. Refractometry is thus one of 
the most important examinations in ophthalmology 
and the most frequently performed procedure in this 
specialty4.

There are several methods for diagnosing refrac­
tive error. Regardless of the technique used, the 
measurement of refraction is not exact because of 
possible variations in parameters such as depth of 
field, pupil size, working distance, vertex distance, 
accommodation, and others. The greater the ame­
tropia, the higher the level of uncertainty in the result, 
with variation ranging between ±0.25 and ±0.50 
diopters (D)5. Therefore, it is essential to develop 
techniques that increase the success of refractometry 
and promote standardization in research.

Dissatisfaction with prescription eyeglasses is 
one of the main causes of lawsuits related to oph­
thalmology in Brazil6. Random or systematic errors 
in refractometry that lead to unreliable or invalid data 
can be minimized through the use of standardized 
protocols combined with adequate training programs7. 
Despite standardization and emphasis on training, 
substantial variability in measurements persists. 
This variability occurs not only in examinations 
performed by physicians during training but also in 
those conducted by experienced ophthalmologists. 
Therefore, efforts to reduce diagnostic variability 
should include continuous training, detailed refrac­
tometry protocols, and increased objectivity in the 
measurement of optical aberrations8.

An accurate refractive examination not only im­
proves visual function but also reduces the frequency 
of problems related to poor adaptation to new eye­
glasses or other optical aids, provides more reliable 
data for recording and analysis in scientific studies, 
and allows proper characterization and treatment of 

ophthalmic diseases. Thus, the aim of this article is 
to present a proposed sequence of steps for perfor­
ming refractometry, thereby contributing to patients’ 
ocular health and well-being and promoting good 
clinical and research practices. This article does not 
intend to provide a detailed theoretical discussion of 
lenses, ocular physiology, or diseases, nor to define 
medical acts, including the prescription of optical 
aids. It should be noted that other techniques for per­
forming refractometry exist. With respect for medical 
autonomy, this protocol does not dictate how the exa­
mination must be performed but rather represents 
a standardized refractometry approach that, when 
followed, can improve patient care by reducing errors 
and facilitate the standardization of techniques used 
in research.

METHODS

This study consists of a non-systematic literature 
review of scientific articles, procedural manuals on 
refraction techniques, and textbooks on refractome­
try, including guidelines published by ophthalmolo­
gy societies and professional associations in Brazil. 
The keywords used to search the PubMed and Google 
Scholar databases were “ocular refraction,” “refracto­
metry,” “ocular refractometry,” “eye refractometry,” 
“diagnostic techniques, ophthalmological,” and “phy­
sical examination,” in both English and Portuguese. 
Based on the data obtained, an operational protocol 
for performing refractometry was developed.

RESULTS

In the reviewed literature, there was a scarcity of 
data describing the sequence of steps for performing 
refractometry, even in textbooks on the subject. After 
analyzing the collected information, a step-by-step 
protocol for refractive examination was developed4,9-14:

Considerations before starting the examination
a.	 Room dimensions
	 The distance between the patient’s eyes and 

the visual acuity (VA) chart depends on the 
chart used. The Snellen chart should be placed 
at 6 m to assess distance vision, whereas the 
Jaeger chart should be positioned at approxi­
mately 40 cm to assess near vision. However, 
these distances must follow the specifications 
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provided by the chart type and manufacturer.

b.	 Room lighting
	 Self-illuminated VA charts require a darke­

ned room. Otherwise, the examination room 
should be adequately lit, in accordance with the 
lighting parameters recommended by the ma­
nufacturer.

c.	 Patient positioning
	 The patient should preferably be seated, with 

the eyes positioned at the same height as the 
VA chart.

d.	 Use of eye drops before the examination
	 Ideally, no eye drops with mydriatic or cyclople­

gic effects should be used before the examina­
tion begins.

e.	 Anamnesis
	 The patient’s chief complaint, history of the 

present illness, past medical and ocular history, 
and family history should be obtained. Certain 
clinical conditions can temporarily interfere 
with refraction, such as hypo- or hyperglyce­
mia, pregnancy, and progressive cataracts. In 
such cases, the examination may be perfor­
med, but the prescription should be postponed 
until the clinical condition has stabilized. If the 
prescription of optical aids is indicated, the pa­
tient should be informed that refractive values 
may change with the resolution of the under­
lying condition.

f.	 Ocular examination
	 Refractometry should always be accompanied 

by a complete ophthalmologic examination to 
determine the most appropriate medical mana­
gement for each patient. Complementary tests 
may be performed on an individual basis.

2.	 Objective dynamic refraction
	 At this stage, the examiner objectively determi­

nes the refractive error of the eye without cyclo­
plegia. This can be performed using retinosco­
py or autorefraction. It should be noted that 
high ametropia may not produce a retinoscopic 
reflex (“band”). If the reflex is not identified, 
retinoscopy should initially be performed using 
high plus and/or minus lenses in an attempt to 
visualize it. Once identified, the examination 
should proceed to item 3.

3.	 Subjective dynamic refraction
	 At this stage, the examiner determines the re­

fractive error of one eye using information pro­
vided by the patient, based on the presentation 
of different lenses (spherical and/or cylindrical), 
without the use of cycloplegic agents. Subjec­
tive examination requires patient cooperation; 
when this is not possible, such as in young 
children or individuals with cognitive impair­
ment, objective methods should be used to per­
form both dynamic (item 2) and static (item 4) 
refraction. The following steps should be per­
formed for each eye individually:

3.1	 After measuring VA, the refractive error iden­
tified during retinoscopy, autorefraction, or 
lensometry should be entered into the Greens 
refractor (phoropter) or a trial frame. Objective 
refraction is recommended as the initial step; 
however, if this is not feasible, the examination 
may begin with plano lenses. The Greens re­
fractor or trial frame should then be centrally 
aligned with the patient’s eye, with the level 
and position checked relative to the visual axis 
of each eye. The vertex distance should be ad­
justed appropriately.

3.2	 One eye should be occluded without exerting 
pressure. For standardization, it is suggested to 
initially occlude the left eye (OS).

3.3	 Measure the VA of the examined eye.

3.4	 Identify the line containing the smallest opto­
types that the patient can correctly identify.

3.5	 Test the spherical power to achieve the best 
possible vision

3.5.1	It is suggested to begin by offering a higher plus 
spherical diopter (DS) lens according to VA (Ta­
ble 1) and asking the patient a question such 
as: “Does this lens make the letters sharper, 
blurrier, or is there no difference?”

Table 1. Parameters for adjusting spherical dioptric power.

Best corrected 
visual acuity

Spherical diopters (SD)

Diopter tested Diopter added
≥20/80 +0.50 or -0.50 SD +0.50 or -0.50 SD
<20/80 and >20/200 +1.00 or -1.00 SD +1.00 or -1.00 SD
≤20/200 +2.00 or -2.00 SD +2.00 or -2.00 SD
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3.5.1.1	 If the response is “sharper” or “no differen­
ce,” continue adding plus DS lenses until the 
patient reports worsened vision. At that point, 
retain the previous lens and proceed to cylin­
drical power assessment (item 3.6).

3.5.1.2	 If the response is “blurrier,” proceed to step 
3.5.2.

3.5.2	 Offer a minus lens according to Table 1 and ask 
a similar question: “Does this lens make the 
letters sharper, blurrier, or is there no differen­
ce?”

3.5.2.1	 If the response is “sharper” and the patient 
is able to read additional optotypes, continue 
adding minus spherical lenses until the respon­
se becomes “no difference” or “blurrier.” The 
lens with the lowest minus power that provides 
the best VA should be selected. If the patient 
reports “sharper” vision but is unable to read 
more optotypes than previously, additional mi­
nus lenses should not be added. After identi­
fying the least negative lens (closest to plano) 
that yields the best VA, proceed to cylindrical 
power assessment (item 3.6).

Note: During the examination, if the patient’s VA 
improves, spherical power should be reassessed 
using lenses corresponding to the newly achie­
ved VA category (see Table 1).

3.6	 Testing cylindrical dioptric power
	 If no cylindrical diopter (DC) is identified du­

ring objective refraction (retinoscopy, autore­
fractometry, or lensometry), or if objective re­
fraction cannot be obtained, proceed to item 
3.6.1. If DC is identified during objective re­
fraction, proceed to item 3.6.2.

3.6.1	 Place a cylindrical diopter at the 180° axis ac­
cording to the patient’s VA (VA ≥ 20/80: −0.50 
DC; VA <20/80 and ≥20/200: −1.00 DC; VA 
<20/200: −2.00 DC), and ask whether vision 
improves.

3.6.1.1	 If VA improves with the addition of DC at the 
180° axis, continue increasing the cylindrical 
power until VA no longer improves, and 
then proceed to refine the cylindrical axis 
(item 3.7). The spherical equivalent (SE) 
must be maintained during this stage of the 
examination. Example: Each time −0.50 DC 

is added, the SE must be maintained by adding 
+0.25 diopters sphere (SPH) to the total power. 
Thus, if a patient has a refraction of +0.50 
SPH −0.50 DC at 180° and reports improved 
VA after the addition of −0.50 DC at 180°, and 
the DC is increased to −1.00 DC at 180° to 
maintain the SE, +0.25 SPH should be added, 
resulting in a final refraction of +0.75 SPH 
−1.00 DC at 180°.

3.6.1.2	 If VA does not improve with the addition of 
DC at the 180° axis, repeat this step at the 45°, 
90°, and 135° axes. If VA improves at any of 
these axes, continue increasing the cylindrical 
power until VA no longer improves, and then 
proceed to refine the cylindrical axis (item 3.7). 
However, if VA does not improve at any of the­
se axes, do not add DC and proceed to refine 
the spherical power (item 3.9).

3.6.2	If DC is identified during objective refraction, 
ask the patient to fixate on the smallest line 
they can discern on the VA chart and test the 
cylindrical power. If VA is ≥ 20/80, add ±0.50 
DC and ask: “Is the first lens or the second 
lens better?” In this question, the first lens 
corresponds to the initial diopter, whereas the 
second lens corresponds to the new diopter 
presented with the addition of ±0.50 DC. For 
VA worse than 20/80, use ±1.00 DC for the 
tests described above.

3.6.2.1	If the patient reports being unable to perceive 
a difference between the two lenses presented, 
remove 0.50 DC from the Greens refractor or 
trial frame and repeat item 3.6.2 until the pa­
tient can perceive a difference (proceed to item 
3.6.2.2 if the first lens is preferred or to item 
3.6.2.3 if the second lens is preferred), or until 
zero cylindrical power is reached. If zero DC is 
reached, proceed to refine the spherical power 
(item 3.9).

3.6.2.2	If the patient reports worsening VA after the 
addition or removal of DC, reverse the initial 
action. Example: If adding −0.50 DC results 
in worsened VA, remove −0.50 DC. If both the 
addition and removal of the same cylindrical 
power have been attempted and the patient 
continues to prefer the first lens—that is, VA 
worsens with both changes—proceed to refine 
the cylindrical axis (item 3.7).
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3.6.2.3	If the patient prefers the addition of DC 
(plus or minus), that is, if the second lens is 
judged better, retain the new cylindrical power 
and maintain the previous SE by adding half of 
the cylindrical power change to the spherical 
component. Repeat the comparison described 
in item 3.6.2 until the patient prefers the first 
lens, and then proceed to refine the cylindrical 
axis (item 3.7).

3.7	 Testing the cylindrical axis
	 After determining the cylindrical power, it is 

necessary to refine the cylindrical axis. If the 
patient’s VA is ≤ 20/200, the use of a ±1.00 
DC Jackson cross-cylinder is recommended. To 
perform this step, the patient should fixate on 
optotypes located two lines above the smallest 
line identified on the VA chart, ensuring that 
the optotypes can be clearly recognized (e.g., if 
the smallest readable line is 20/30, the patient 
should be instructed to look at the 20/50 
line). The patient should be guided to focus 
on a letter with rounded contours. Next, the 
examiner should position the cross-cylinder 
so that its axis is oriented at 45° relative to 
the previously determined cylindrical axis 
(obtained by objective refraction or item 3.6.1) 
and inform the patient that vision may become 
slightly blurrier during this test. The cross-
cylinder test should then be performed by 
alternately flipping the lens (Figure 1A and B), 
while asking a question such as: “Which lens is 
better: the first, the second, or are both lenses 
similar?”

3.7.1	If the patient prefers one position of the 
cross-cylinder over the other (e.g., the first 
lens over the second), and a minus-cylinder 
phoropter is being used (as is most common 
in Brazil), the axis of the cylindrical lens 
should be rotated toward the negative axis of 
the cross-cylinder (indicated by the red dot on 
the phoropter), according to the adjustment 
suggested in Table 2.  Item 3.7 should then 
be repeated until the patient reports that both 
lenses are similar, progressively reducing the 
angular range of rotation when reversing the 
direction of rotation. Example: If a patient 
with −0.75 DC at 180° initially prefers the 

lens corresponding to a clockwise rotation of 
the cross-cylinder (Figure 1A), the cylindrical 
axis should be rotated 15° clockwise, resulting 
in −0.75 DC at 165° (Figure 1C). If, during 
the subsequent cross-cylinder test with −0.75 
DC at 165°, the patient prefers the lens 
corresponding to counterclockwise rotation 
(Figure 1B), the cylinder should be rotated 5° 
counterclockwise, yielding −0.75 DC at 170° 
(Figure 1D). This process should continue 
until the patient reports that both lenses are 
similar. The correct axis corresponds to the 
position at which both lenses are perceived as 
similar.

Figure 1. Cross-cylinder test on the phoropter (Greens refractor). The 
cross-cylinder is initially positioned with the power at 45º to the axis 
previously determined (in this example, 180o). The red arrow indicates 
the red point of the cross-cylinder, which serves as a reference for 
the next steps (A). The cross-cylinder is then rotated to the opposite 
side; note the red arrow showing the shift of the red point relative to 
position A, while maintaining the cylindrical diopter axis at 180o (B). 
The cylindrical diopter axis is adjusted to 165o (C) and then to 170o 

(D), as indicated by the red arrows.

A B

DC
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3.7.2	If the patient reports that both lenses are simi­
lar and this is the first cross-cylinder test per­
formed in that eye, rotate the cylindrical axis 
15° clockwise or counterclockwise and repeat 
item 3.7 to confirm that the axis is correctly 
positioned.

3.7.3	If the patient reports that both lenses are simi­
lar and this is not the first cross-cylinder test 
in that eye, the cylindrical axis refinement is 
complete, and the examiner should proceed to 
refine the cylindrical power (item 3.8).

3.8	 Refining the cylindrical power
	 For refinement of cylindrical power, the patient 

must have VA ≥20/400. If VA is worse than 
20/400, proceed directly to refinement of the 
spherical power (item 3.9).

3.8.1	 Ask the patient to fixate on the smallest line 
they can discern on the VA chart. It is sugges­
ted to begin by adding ±0.25 DC in cases of VA 
≥20/80 and ±0.50 DC in cases of VA <20/80 
and ≥20/400. At the same time, ask a question 
such as: “Is the first lens or the second lens bet­
ter?” In this context, the first lens correspon­
ds to the initial cylindrical power, whereas the 
second lens corresponds to the new cylindrical 
power presented with the addition of ±0.25 
DC or ±0.50 DC.

3.8.1.1	 If the patient perceives no difference between 
the two lenses, select the lens with the cylindri­
cal power closest to zero and repeat the proce­
dure described in item 3.8.1 until a difference 
is perceived (proceed to item 3.8.1.2 if the first 
lens is preferred or to item 3.8.1.3 if the second 

lens is preferred), or until zero cylindrical po­
wer is reached. If zero DC is reached, proceed 
to refine the spherical power (item 3.9).

3.8.1.2	 If the patient prefers the first lens, indicating 
worsened VA after the addition or removal of 
DC (the second lens), reverse the initial ac­
tion. Example: If, after adding −0.50 DC, the 
patient prefers the first lens (prior to the addi­
tion), repeat the comparison described in item 
3.8.1 after removing −0.50 DC. If both addi­
tion and removal of the same cylindrical power 
have been attempted and the patient continues 
to prefer the first lens, proceed to refine the 
spherical power (item 3.9).

3.8.1.3	 If the patient prefers the addition of DC 
(plus or minus), that is, if the second lens is 
judged better, retain the new cylindrical power 
and maintain the previous SE by adding half of 
the cylindrical power change to the spherical 
component. Repeat the comparison described 
in item 3.8.1 until the patient prefers the first 
lens, and then proceed to refine the spherical 
power (item 3.9).

3.9	 Refining spherical dioptric power
	 At this stage, the patient should be instructed 

to fixate on the line containing the smallest 
optotypes they can accurately identify. It is su­
ggested to begin by adding plus DS according 
to VA (Table 3) and asking a question such as: 
“Does this lens make the letters sharper, blur­
rier, or is there no difference?”

3.9.1	If the response is “sharper” or “no difference,” 
continue adding plus DS until the patient re­
ports that vision has become “blurrier.” At that 
point, select the previous diopter and proceed 
to item 3.9.3.

3.9.2	If the response is “blurrier,” retain the previous 
DS and repeat the question described in item 
3.9; however, instead of adding plus DS, add 
minus DS. If the response is “sharper” and the 
patient is able to read additional optotypes with 
the new diopter, continue repeating step 3.9.2 
until the response becomes “no difference” or 
“blurrier,” and then proceed to item 3.9.3. If 
the patient reports “sharper” vision but is una­
ble to read more optotypes with the new diop­
ter, proceed directly to item 3.9.3.

Table 2. Parameters to adjust and determine the cylinder axis.

Cylinder power Amount of cylinder axis to  
be rotated initially

<1.00 D 15°

≥1.00 and <2.00 D 10°

≥2.00 and <3.00 D 5°

≥3.00 and <5.00 D 3°

≥5.00 and <8.00 D 2°
D, Diopter.
Note: The greater the astigmatism, the more easily the patient perceives image changes 
with small amounts of cylinder axis rotation. Conversely, when the cylinder power is low 
and/or the patient’s discrimination ability is poor, a greater amount of rotation is required 
to obtain an affirmative answer.
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3.9.3	After determining the refractive error, the 
binocular balance of accommodation test is 
performed in patients with accommodative 
capacity in both eyes (it is not performed, 
for example, in cases of pseudophakia or 
monocular vision) to ensure that the level of 
accommodation is balanced between the two 
eyes (OU). This test is performed only when 
VA is relatively similar in OU. We suggest 
performing the balance test using plus lenses 
and prisms. In this procedure, both eyes are 
kept unoccluded. Plus lenses of +0.75 DS are 
added in OU to relax accommodation, and 
vertical prisms (Risley prisms in the phoropter) 
are used to dissociate the images of the two 
eyes—usually 3 prism diopters base up in 
the right eye (OD) and 3 prism diopters base 
down in the OS. The patient’s vision may 
then be somewhat blurred, and they should be 
presented with optotypes two lines above the 
smallest line they were initially able to see. 
For example, in a patient with corrected VA of 
20/20 in OU, the 20/30 optotype line should 
be presented after adding the plus lenses and 
prisms for the binocular balance test. This line 
will be perceived as two separate lines: a lower 
line seen by the OD and an upper line seen by 
the OS. The patient is then asked whether the 
optotypes in the two lines are equally sharp, 
equally blurred, or sharper in one line than 
in the other. If the optotypes in the upper line 
(OS) are clearer, +0.25 DS is added to the OS. 
The question is repeated, and if the upper line 
remains clearer, an additional +0.25 DS is 
added to the OS. Conversely, if the optotypes 
in the lower line (OD) are clearer, +0.25 DS is 
added to the OD and the question is repeated. 

When the patient reports that the optotypes 
in both lines are equally sharp or equally 
blurred, the prisms and the initial +0.75 DS 
overcorrection added to relax accommodation 
are removed.

3.10	 Evaluating refractive error for near vision 
(near addition)

	 This stage is performed in preterm infants, 
in eyes that have undergone facetectomy, and 
in other situations deemed appropriate by the 
ophthalmologist. If the patient does not meet 
these criteria, you should proceed directly 
to the static refraction assessment (item 4). 
Measurement of refractive error to improve 
near VA may be performed binocularly (OU) 
without occlusion or monocularly in each eye, 
depending on the ophthalmologist’s judgment. 
The patient’s ability to focus at near distance 
(35–40 cm) should be assessed by adding the 
minimum amount of plus lens power required 
to achieve the best possible near VA using a 
near vision chart. We suggest using the Jaeger 
chart at this stage. Table 4 provides suggested 
ranges of plus DS additions according to age 
group. In eyes that have undergone facetectomy, 
a near addition of +2.50 to +3.00 DS should 
be considered. For other accommodative di­
sorders, the ophthalmologist should determine 
the appropriate dioptric addition based on 
recommendations in the literature. It should be 
noted that accommodative capacity (amplitude 
of accommodation [AA]) may differ between 
the two eyes. A simple method for measuring 
accommodative capacity is to ask the patient to 
read the second line of the Jaeger reading card 
(J2) while wearing the determined distance 
correction. The card is slowly moved toward 
the eye until the patient reports blurring of the 
optotypes. When a slight blur is first noticed, 
the card is moved closer to confirm that the blur 
worsens, and then moved away until the image 
becomes clear again. The distance between 
the card and the corrective lens worn by the 
patient is then measured. The AA is calculated 
using the formula: AA (in diopters) = 1 / dis­
tance from the card to the lens (in meters) For 
example, if blurring occurs at a distance of  
10 cm, the AA is 1 / 0.1, or 10 diopters.

Tabela 3. Parameters to refine the spherical power.

Best corrected
visual acuity

Spherical Diopters (SD)

Diopter tested Diopter added

≥20/80 +0.25 SD or -0.25 SD +0.25 SD or -0.25 SD

<20/80 e >20/200 +0.50 SD or -0.50 SD +0.50 SD or -0.50 SD

≥20/200 e ≤20/400 +1.00 SD or -1.00 SD +1.00 SD or -1.00 SD

< 20/400 Do not refine
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	 After completing this stage, proceed to the sta­
tic refraction assessment (item 4).

4.	 Static refraction 
	 This stage requires the use of cycloplegic eye 

drops, followed by an appropriate waiting 
period for their effect. The patient and/or 
guardian should be informed about possible 
side effects. It is important to compress the 
lacrimal sac immediately after instillation of 
the eye drops to reduce the risk of systemic 
absorption and to increase the ocular contact 
time of the medication, especially in children 
and in adults with comorbidities. Given the 
need to use pharmacological agents during the 
refractive examination, this procedure should 
always be supervised by an ophthalmologist. 
It should be noted that, depending on the 
individual patient’s clinical characteristics 
and diagnostic considerations, the use of alter­
native cycloplegic and mydriatic eye drops 
may be necessary, at the ophthalmologist’s 
discretion. For cycloplegia, the use of eye drops 
as described in Table 5 is recommended4,9,15-17.

4.1	 Objective static refraction
	 In cases where subjective methods are difficult 

or unreliable, objective methods should be 
used to determine the patient’s refractive 
error, either through retinoscopy (preferred) 
or an autorefractor. If the patient is able to 
provide adequate feedback regarding optotypes, 
subjective static refraction (item 4.2) should be 
prioritized.

4.2	 Subjective static refraction
	 If the patient is under 40 years of age, or over 

40 and suspected of accommodating during 
dynamic refraction (e.g., patients requiring 
more than the expected near addition for their 
age group - Table 4), it is mandatory to perform a 
static refraction assessment following dynamic 
refraction.

	 At this stage, only the spherical power for 
distance should be refined, with each eye 
examined separately. Plus spherical lenses 
should be added to the power determined 
during dynamic refraction, and the patient 
should be asked whether VA improves, 
worsens, or remains unchanged. Additional 

Table 4. Proposed correspondence between patient age and the 
range of spherical diopters to be added. 

Age in years Spherical diopters (SD) to be added

40-45 + 0.50-1.00 SD

45-50 + 1.00-1.50 SD

50-55 + 1.50-2.00 SD

55-60 + 2.00-2.50 SD

≥60 + 2.50-3.00 SD
Note: Patients with poor vision may benefit from additions larger than the usual (up to 
+5.00 SD). The patient should be informed that the larger the addition, the closer near 
vision focus is to the face.

Table 5. Recommended protocols for cycloplegia and mydriasis.

Patients up to 6 months of age

• 1st step: Instill 1 drop of proxymetacaine hydrochloride at 0.5% 
(5 mg/mL) in the selected eye;

• 2nd step: After 30 seconds, instill 1 drop of tropicamide 
hydrochloride at 1% (10 mg/mL) in the selected eye;

• 3rd step: After 5 min, instill 1 drop of tropicamide hydrochloride 
at 1% (10 mg/mL) in the selected eye;

• Perform the refraction test 30-40 min after the 1st step.

Patients between 6 months and 18 years of age

• 1st step: Instill 1 drop of proxymetacaine hydrochloride at 0.5%  
(5 mg/mL) in the selected eye;

• 2nd step: After 30 seconds, instill 1 drop of cyclopentolate 
hydrochloride at 1% (10 mg/mL) in the selected eye;

• 3rd step: After 5 min, instill 1 drop of tropicamide hydrochloride 
at 1% (10 mg/mL) in the selected eye;

• Perform the refraction test 30-40 min after the 1st step.

Patients over 18 years of age

• 1st step: Instill 1 drop of proxymetacaine hydrochloride at 0.5% 
(5 mg/mL) in the selected eye;

• 2nd step: After 30 seconds, instill 1 drop of tropicamide 
hydrochloride at 1% (10 mg/mL) in the selected eye;

• 3rd step: After 5 min, instill 1 drop of tropicamide hydrochloride 
at 1% (10 mg/mL) in the selected eye;

• Perform the refraction test 30-40 min after the 1st step.
Note 1: The adjuvant use of 1 drop of phenylephrine hydrochloride eye drops at 2.5%  
(25 mg/mL) in children and at 2.5-10% (25-100 mg/mL) in adults can help dilate insuffi-
ciently mydriatic pupils when evaluating the peripheral retina.
Note 2: Atropine sulfate eye drops at 1% (10 mg/mL) may be used (1 drop twice a day for 
three days) instead of cycloplegic agents in patients with accommodation spams or sus-
picion of a residual accommodation component not detectable with cyclopentolate and/
or tropicamide, except if contraindicated due to the risk of adverse effects.
Note 3: Atropine sulfate eye drops at 1% (10 mg/mL) and cyclopentolate hydrochloride 
eyedrops at 1% (10 mg/mL) are not indicated for children under 6 months or for chil-
dren older than 6 months with neuropathy, Down syndrome, cardiac arrhythmia and nar-
row-angle glaucoma, unless deemed extremely necessary by the physician.
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plus lenses should be added as long as the 
patient reports either improved VA or no 
difference between the lenses presented. If the 
patient reports worsening VA with the added 
plus lens, the assessment for that eye should 
be terminated, and the contralateral eye should 
then be examined. If the accommodation reflex 
interfered with the dynamic refraction, the final 
spherical value obtained in the static refraction 
is expected to be more positive.

During cycloplegia, the pupil may dilate to 6–9 
mm, exposing part of the peripheral cornea and lens, 
whose refractive power differs from the central zone. 
This dilation can lead to changes in the axis and po­
wer of astigmatism. For this reason, cylindrical power 
and axis should not be tested or modified during the 
static refraction evaluation.

DISCUSSION

Refraction is a fundamental clinical measurement 
in eye examination. Ametropia is not only the 
condition that most frequently prompts patients 
to seek ophthalmic care, but the data obtained 
from refractometry, when properly performed and 
interpreted, also provide a basis for guiding medical 
management in the treatment of various ocular 
diseases and in the promotion of eye health2-4. There 
are multiple methods for assessing an eye’s refractive 
error, which can result in variability in refractometry 
data, potential errors in clinical analysis, and 
increased bias in research studies.

We did not find any detailed systematization of 
refractometry in the literature. Although systema­
tization may seem to imply limitations on clinical 
practice, this article does not aim to prescribe exac­
tly how refractometry should be performed; rather, 
it proposes a structured workflow for conducting the 
examination (Figure 2). Ophthalmologists may choo­
se to perform additional tests or modify the steps as 
clinically indicated.

Over the years, various types of equipment have 
been developed to improve refractometry. However, to 
date, no device has proven superior to the assessment 
performed by an experienced ophthalmologist18,19, 
nor can such equipment interpret the data obtained 
or determine the optimal management for a specific 
patient. Moreover, ametropias are closely associated 
with structural alterations of the eye and with 

diseases that can cause potentially irreversible 
damage to vision, overall health, and quality of 
life20-23. For refractometry to maintain its clinical 
value, it must be performed by physicians trained 
in ophthalmology. Ophthalmology training centers 
should provide continuous education in refractometry, 
and standardization of examination steps should be 
maintained while respecting the particularities of 
each patient.

This study proposes a sequence of steps that, if 
followed correctly, can accurately determine a patient’s 
ametropia to guide clinical decisions. Additionally, 
it aims to facilitate the training of ophthalmology 
residents, assist practicing ophthalmologists in daily 
clinical work, serve as a model for standardizing 
refractometry in medical institutions and research, 
and reinforce the importance of having refractive 
examinations performed by trained doctors to 
improve population eye health.

Figure 2. Flowchart summarizing the steps of ocular refractometry.
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