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Introduction	
  
The	
  visual	
  system	
  allows	
  humans	
  to	
  see	
  the	
  outside	
  world.1	
  In	
  medical	
  imaging,	
  radiologists	
  
are	
  the	
  ones	
  who	
  perceive	
  and	
  interpret	
  medical	
  images,	
  making	
  eyesight	
  crucial.	
  They	
  are	
  
tasked	
  to	
  identify	
  abnormalities	
  and	
  to	
  make	
  a	
  diagnosis.2	
  As	
  the	
  eye	
  ages,	
  visual	
  acuity	
  also	
  
decreases.3	
  Similarly,	
  long	
  hours	
  spent	
  viewing	
  images,	
  also	
  contributes	
  to	
  visual	
  
deterioration.2	
  Thus,	
  it	
  is	
  important	
  that	
  radiologists	
  maintain	
  optimal	
  vision	
  to	
  achieve	
  
accurate	
  results	
  when	
  interpreting	
  images.2	
  	
  
	
  
Vision	
  Anatomy	
  
The	
  human	
  eye	
  is	
  an	
  extremely	
  complex	
  organ.4	
  The	
  anatomy	
  
is	
  shown	
  in	
  Figure	
  1,	
  and	
  consists	
  of	
  three	
  distinct	
  regions.4,	
  5	
  
The	
  outer	
  layer	
  houses	
  the	
  cornea,	
  the	
  middle	
  layer	
  includes	
  
the	
  iris	
  and	
  pupil,	
  and	
  the	
  inner	
  layer	
  consists	
  of	
  the	
  retina.4,	
  5	
  
Vision	
  begins	
  with	
  the	
  cornea,	
  where	
  it	
  transmits	
  and	
  refracts	
  
light	
  onto	
  the	
  lens	
  of	
  the	
  eye,	
  and	
  then	
  onto	
  the	
  retina.1,	
  4	
  The	
  
iris	
  then	
  controls	
  the	
  amount	
  of	
  light	
  reaching	
  the	
  retina,	
  by	
  
adjusting	
  the	
  size	
  of	
  the	
  pupil.1,	
  4	
  Once	
  light	
  reaches	
  the	
  retina,	
  
neurons	
  convert	
  the	
  light	
  into	
  neural	
  impulses,	
  and	
  processes	
  
this	
  information.1,	
  4	
  This	
  information	
  then	
  travels	
  to	
  the	
  visual	
  
areas	
  within	
  the	
  cerebral	
  cortex	
  to	
  allow	
  the	
  brain	
  to	
  interpret	
  
the	
  image.1,	
  4	
  	
  
	
  
The	
  Retina	
  
The	
  retina	
  plays	
  an	
  integral	
  role	
  in	
  vision	
  because	
  it	
  consists	
  of	
  light	
  sensitive	
  
photoreceptors.5	
  Photoreceptors	
  detect	
  and	
  convert	
  light	
  into	
  impulses,	
  which	
  are	
  then	
  
transmitted	
  to	
  the	
  visual	
  cortex.5	
  These	
  photoreceptors	
  are	
  made	
  up	
  of	
  rods	
  and	
  cones,	
  
where	
  rods	
  are	
  more	
  abundant	
  than	
  cones.4,	
  5	
  Rods	
  are	
  activated	
  and	
  sensitive	
  in	
  low	
  light	
  
settings,	
  and	
  are	
  mostly	
  located	
  around	
  the	
  periphery	
  of	
  the	
  retina,	
  which	
  is	
  responsible	
  for	
  
peripheral	
  vision.4,	
  6	
  In	
  contrast,	
  cones	
  are	
  responsible	
  for	
  colour	
  vision,	
  and	
  are	
  located	
  
centrally	
  near	
  the	
  macula.4	
  The	
  centre	
  of	
  the	
  macula	
  is	
  known	
  as	
  the	
  fovea,	
  and	
  this	
  is	
  where	
  
the	
  sharpest	
  central	
  vision	
  is	
  achieved.4,	
  5	
  In	
  particular,	
  the	
  foveola,	
  at	
  the	
  bottom	
  of	
  the	
  
fovea,	
  has	
  the	
  largest	
  concentration	
  of	
  cones.4,	
  5	
  However,	
  a	
  blind	
  spot	
  occurs	
  on	
  the	
  retina	
  
because	
  of	
  no	
  photoreceptors,	
  and	
  this	
  is	
  where	
  the	
  optic	
  nerve	
  enters	
  the	
  eye.5	
  
	
  
Age	
  and	
  Visual	
  Deterioration	
  
Visual	
  acuity	
  refers	
  to	
  the	
  spatial	
  resolving	
  capacity	
  of	
  the	
  eye.7	
  As	
  an	
  individual	
  ages,	
  the	
  
functional	
  abilities	
  of	
  the	
  eyes	
  decline	
  and	
  this	
  affects	
  the	
  cornea,	
  lens	
  and	
  retina.8	
  As	
  time	
  
passes,	
  corneal	
  changes	
  are	
  evident,	
  as	
  the	
  physical	
  shape	
  and	
  optical	
  properties	
  change.8	
  
This	
  results	
  in	
  alterations	
  in	
  refraction	
  and	
  astigmatism.8	
  Similarly,	
  changes	
  in	
  the	
  lens	
  
affects	
  vision	
  because	
  it	
  becomes	
  more	
  selective,	
  and	
  absorbs	
  more	
  blue	
  light.8	
  This	
  causes	
  
decreased	
  transmission	
  of	
  blue	
  light	
  and	
  causes	
  blue	
  blindness.8	
  This	
  would	
  affect	
  
radiologists,	
  because	
  LCD	
  and	
  CRT	
  monitors	
  are	
  used	
  to	
  interpret	
  images.	
  As	
  both	
  these	
  
screens	
  emit	
  blue	
  light,	
  if	
  radiologists	
  had	
  blue	
  blindness,	
  the	
  accuracy	
  of	
  diagnoses	
  would	
  
be	
  decreased,	
  because	
  their	
  vision	
  would	
  be	
  affected.	
  This	
  would	
  also	
  shift	
  objects	
  to	
  appear	
  
more	
  yellow	
  in	
  colour	
  as	
  well.8	
  Moreover,	
  as	
  the	
  retina	
  ages,	
  visual	
  acuity,	
  visual	
  field	
  
sensitivity,	
  and	
  contrast	
  sensitivity,	
  all	
  decline	
  in	
  performance,	
  and	
  dark	
  adaption	
  threshold	
  
increases.8	
  This	
  is	
  likely	
  a	
  result	
  of	
  changes	
  in	
  the	
  neuronal	
  elements	
  of	
  the	
  visual	
  system,	
  
and	
  changes	
  in	
  the	
  ocular	
  media	
  as	
  well.8	
  Neuronal	
  changes	
  include,	
  decreased	
  ganglion	
  
cells,	
  photoreceptors	
  and	
  optic	
  nerve	
  axons.8	
  Additionally,	
  visual	
  acuity	
  depends	
  on	
  cones.9	
  

A retrobulbar block aims to deliver local anaesthetic within
the muscle cone and close to the nerves, and works instantly. A
peribulbar block delivers local anaesthetic outside the cone and
relies on spread of anaesthetic to within the cone. Hence, the
block takes several minutes to develop fully and requires
a greater injectate volume. A sub-Tenon’s block achieves
anaesthesia within the sub-Tenon’s space (described below), but
local anaesthetic often spills into the cone.

The superior, inferior and medial recti, and the inferior obli-
que muscles are all supplied by the oculomotor nerve (III cranial
nerve). The lateral rectus is supplied by the abducent nerve (VI
cranial nerve). These nerves all reside within the cone.

The inferior oblique muscle arises close to the nasolacrimal
canal on the floor of the orbit. It passes backwards and laterally
beneath the inferior rectus and rises to insert below the belly of
the lateral rectus in a broad tendon behind the coronal equator of
the eyeball.

The superior oblique muscle arises from the body of the
sphenoid, close to the origin of the recti. As it passes forward it
becomes rounded and tendinous and loops through the fibro-
cartilagenous trochlea, which is medial to the supraorbital notch
just inside the orbital rim. It then passes backwards and laterally
and inserts onto the sclera beneath the superior rectus muscle
and behind the coronal equator of the eyeball. The superior
oblique muscle is supplied by the trochlear nerve (IV cranial
nerve) which is situated outside the muscle cone (Figure 3).

Commonly with retrobulbar and sub-Tenon’s blocks the
trochlear nerve is spared, leading to some remaining rotational
movement of the eyeball.

Ocular movement
The long axis of the muscle cone (and orbit) is approximately
22.5 degrees (45/2) from the sagittal plane. It is useful to
remember this when thinking about the action of the muscles
(Figure 1).

Medial and lateral rectus muscles move the eye to the left and
right. The superior and inferior recti do not move the eye
‘straight’ up and down, owing to the 22.5 degree angle of the
long axis of the cone. The action of looking straight up and down
is a complex interaction of the recti and other extraocular
muscles.

Tenon’s fascia and the conjunctiva
Tenon’s fascia is a layer of connective tissue that envelops the
eyeball, and is pierced by the muscles and nerves that penetrate
and attach to it. It is not present over the cornea but arises from

the sclera at the corneoscleral junction (limbus). From its origin,
Tenon’s fascia is adherent to the overlying conjunctiva but as it
passes backwards and continues closely overlying the sclera, the
two layers separate. The conjunctiva also arises at the limbus but
is reflected onto the inner surface of the eyelids and does not
continue posteriorly within the orbit. Between Tenon’s fascia and
the sclera is a potential space, called the sub-Tenon’s space.

The eyeball

The eyeball is made up of three main layers: a fibrous exterior
layer, a vascular/muscular layer and a neural layer (Figure 4).
The outermost fibrous layer comprises the sclera (or white of the
eye) and the clear cornea. This layer is made up of collagen and
elastin. The composition of the sclera and cornea is identical;
however, one layer is clear and the other opaque. This is because
of the structural organization of the collagen fibres: in the cornea,
collagen fibres are arranged in highly regular laminae; in the
sclera, the fibres appear interwoven and extend in all directions.
If the fibrous layer of the eye is broken, there is said to be
a penetrating eye injury (Table 2). There is a high risk of
subsequent visual loss through expulsion of the contents of the
eye, retinal detachment or infection.

Inside the fibrous layer is the vascular/muscular layer. Pos-
teriorly is the choroid (Figure 4). Richly vascular, the choroid
supplies oxygen and nutrients to outer layers of the retina and
the structures of the anterior chamber. It is loosely adherent to
the sclera. Anteriorly the choroid becomes continuous with the
ciliary body, which, in turn, is continuous with the iris.

Anatomy of the eyeball 
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Eye blocks

Block Site of anaesthetic delivery Notes

Retrobulbar Intraconal Rapid onset

Peribulbar Extraconal Relies on spread into cone

Delayed onset

Sub-Tenon’s Sub-Tenon’s space Often spreads into cone

Rapid onset

Table 1
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Figure	
  1:	
  Anatomy	
  of	
  the	
  eyeball	
  (Presland	
  &	
  
Myatt,	
  2010)	
  



However,	
  as	
  these	
  remain	
  constant	
  throughout	
  life,	
  this	
  further	
  suggests	
  that	
  post-­‐receptor	
  
processes	
  play	
  a	
  role	
  in	
  the	
  decline	
  in	
  visual	
  acuity	
  with	
  increasing	
  age	
  as	
  well.9	
  
	
  
As	
  individuals	
  age,	
  it	
  becomes	
  difficult	
  to	
  resolve	
  fine	
  detail.9	
  Presbyopia	
  is	
  a	
  common	
  
condition	
  affecting	
  individuals	
  over	
  45-­‐years-­‐old,	
  and	
  is	
  due	
  to	
  the	
  eyes	
  inability	
  to	
  
accommodate	
  at	
  different	
  distances,	
  especially	
  at	
  reading	
  distances.8,	
  10	
  This	
  causes	
  blurry	
  
vision,	
  and	
  its	
  severity	
  is	
  impacted	
  by	
  the	
  light	
  conditions	
  and	
  the	
  demand	
  of	
  the	
  visual	
  task	
  
as	
  well.	
  It	
  is	
  often	
  a	
  result	
  of	
  reduced	
  elasticity	
  of	
  the	
  lens,	
  lens	
  capsule,	
  and	
  extra-­‐lenticular	
  
fibres.10	
  Glare	
  is	
  another	
  age	
  related	
  complaint	
  because	
  of	
  light	
  scattering,	
  and	
  is	
  usually	
  
caused	
  by	
  an	
  onset	
  of	
  early	
  nuclear	
  sclerosis.8	
  Furthermore,	
  contrast	
  sensitivity	
  begins	
  to	
  
decline	
  at	
  30	
  years	
  of	
  age,	
  and	
  varies	
  with	
  age	
  at	
  high	
  and	
  intermediate	
  spatial	
  frequencies,	
  
but	
  not	
  at	
  low	
  spatial	
  frequencies.9	
  This	
  may	
  be	
  due	
  to	
  optical	
  factors,	
  neural	
  changes	
  and	
  
photoreceptor	
  characteristics	
  as	
  well.9	
  Rod	
  receptors	
  also	
  decrease	
  by	
  30%	
  between	
  the	
  
second	
  and	
  ninth	
  decades.9	
  As	
  rods	
  are	
  activated	
  in	
  low	
  light	
  settings,	
  this	
  reduces	
  the	
  eyes	
  
ability	
  to	
  convert	
  low-­‐level	
  intensity	
  signals.	
  Moreover,	
  encoding	
  of	
  spatial	
  phase	
  
information	
  decreases	
  with	
  age.9	
  This	
  is	
  the	
  ability	
  to	
  store	
  information	
  about	
  size,	
  contrast	
  
and	
  positions	
  of	
  objects,	
  relative	
  to	
  one	
  another.9	
  This	
  therefore	
  affects	
  ones	
  perception	
  of	
  
shape	
  and	
  form.9	
  This	
  could	
  impact	
  radiologists,	
  as	
  fractures	
  may	
  be	
  missed	
  during	
  the	
  visual	
  
search	
  phase	
  of	
  the	
  image.	
  As	
  fractures	
  are	
  a	
  characteristic	
  of	
  form	
  perception	
  that	
  should	
  
be	
  seen	
  within	
  the	
  useful	
  field	
  of	
  view	
  on	
  the	
  retina,	
  if	
  spatial	
  phase	
  encoding	
  capabilities	
  
decline,	
  fractures	
  may	
  be	
  misdiagnosed.	
  	
  
	
  
To	
  help	
  overcome	
  visual	
  deterioration,	
  a	
  regular	
  eye	
  examination	
  should	
  be	
  performed	
  to	
  
assess	
  the	
  health	
  of	
  ones	
  eyes	
  and	
  clarity	
  of	
  vision.	
  A	
  Snellen	
  eye	
  chart	
  or	
  an	
  Early	
  Treatment	
  
Diabetic	
  Retinopathy	
  Study	
  (ETDRS)	
  eye	
  chart	
  can	
  be	
  used	
  to	
  assess	
  visual	
  acuity.7,	
  11	
  
However,	
  ETDRS	
  charts	
  are	
  preferred	
  over	
  Snellen	
  charts,	
  because	
  they	
  are	
  more	
  superior	
  
and	
  accurate	
  at	
  measuring	
  patients	
  acuity	
  levels,	
  regardless	
  of	
  whether	
  they	
  are	
  high	
  or	
  
low.7	
  Both	
  Snellen	
  and	
  ETDRS	
  eye	
  charts	
  are	
  demonstrated	
  in	
  Figures	
  2	
  and	
  3.	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Radiologists	
  Reporting	
  –	
  Accuracy	
  in	
  Diagnoses	
  
In	
  medical	
  imaging,	
  radiologists	
  should	
  maintain	
  good	
  eyesight	
  and	
  have	
  their	
  eyes	
  tested	
  
regularly	
  to	
  ensure	
  accuracy	
  when	
  reporting	
  on	
  medical	
  images.	
  As	
  radiologists	
  spend	
  long	
  
hours	
  in	
  front	
  of	
  computer	
  monitors,	
  dry	
  eyes,	
  eyestrains	
  and	
  myopia	
  can	
  occur.2,	
  12	
  Taking	
  

www.Nursing2010.com August l Nursing2010 l 65

>  CLINICAL QUERIES

How do I accurately assess 
an adult’s visual acuity?
—K.H., W.VA.

Jan Cannon, MSN, RN, replies: 
The Snellen eye chart is com-
monly used to measure visual 
acuity.1 It consists of a series 
of block letters or letters and 
numbers, which become pro-
gressively smaller with each 
descending line. At one end of 
each line are two numbers that 
indicate the visual acuity as-
sociated with that line. The first 
number indicates the distance 
of the patient from the chart, 
and the second indicates the 
distance at which a normal eye 
can read that line of letters. For 
example, visual acuity of 20/50 
means that at 20 feet the patient 
can read print that a person 
with normal vision could read 
at 50 feet. The larger the second 
number, the worse the vision. 
“20/40 corrected” means the 
patient could read the 40 line 
wearing glasses or contact 
 lenses (a correction).

Start by obtaining a health 
history to determine whether 
the patient has medical condi-
tions that can  affect vision, such 
as eye infections, diabetes, hyperten-
sion, glaucoma, cataracts, or orbital 
trauma. Ask patients if they have 
any problems with vision and if they 
wear glasses or contact lenses. Ask 
whether the patient has any eye pain, 
redness, excessive tearing, double 
or blurred vision, spots, specks, or 
flashing lights.2 Perform medication 
reconciliation, noting any medica-
tions that may affect vision, such as 
antihistamines, anticholinergics, and 

digoxin. Determine the date of the 
last eye exam. Assess for nonverbal 
clues such as squinting.

Choose a quiet area free from 
 distractions and explain the test 
to the patient. Secure a Snellen eye 
chart to a well-lit plain wall. Position 
the patient 20 feet from the chart, us-
ing masking tape to mark the floor. 
Have the patient stand with toes on 
the line or sit 20 feet from the Snel-
len chart.3 Make sure the patient 

doesn’t lean forward during the test-
ing. Patients who wear contact lenses 
and glasses other than for reading 
should wear them for testing.

Ask the patient to cover the left 
eye with a card and read out loud 
the smallest line of print possible. 
Determine the smallest line of print 
from which the patient can identify 
more than half the letters. Record 
the visual acuity at the end of this 
line for the right eye, along with the 
use of any visual aid, such as glasses. 
Repeat this procedure to test the left 
eye, then both eyes together. If the 
patient can’t read the largest letter, 
position the patient closer to the 
chart and note this distance.

Have the patient read the letters in 
reverse order if you suspect the patient 
of reciting the lines from memory.

Document the results and com-
municate any abnormalities to the 
healthcare provider. The patient may 
need to be referred to an eye care 
professional for further evaluation. ■
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Figure	
  3:	
  Snellen	
  Eye	
  Chart.	
  Not	
  ideal	
  because	
  
of	
  variable	
  sized	
  letters	
  per	
  line	
  and	
  variable	
  
letters	
  per	
  line.	
  The	
  spacing	
  between	
  letters	
  
and	
  rows	
  were	
  not	
  standardized	
  either.	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
[Source:	
  (Cannon,	
  2010)]	
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ETDRS Chart Testing 
Using the best correction in a trial frame, ETDRS chart 1 (catalog No. 2121; Precision Vision, La Salle, Illinois) was placed 4 meters 
from the patient (Figure 2) in a back-illuminated stand. The ETDRS chart was printed with high-contrast lettering on a translucent 
white polystyrene panel lit from behind and displayed in a standard light box. The light box was illuminated by two fluorescent lamps 
with a reusable fenestrated sleeve (diffuser) that produced a chart luminance, measured by a digital light meter of 168 cd/m2, which is 
in compliance with recommendations of the ETDRS protocol (80 to 320 cd/m2).1 The chart had 5 letters per line arranged in 0.1 
logMAR steps as specified in the ETDRS protocol. If a patient could not read the largest letters at 4 meters, then the chart was moved 
50% closer to the patient (4 meters to 2 meters, or 2 meters to 1 meter). By precisely varying the distances the charts moved, the 
relative difficulty of the task was increased exponentially. The vision testing started with the first letter on the top row of the chart. 
The testing continued using a forced-choice paradigm from the top of the chart to the bottom until the patient made a complete line of 
errors, read all letters on the chart, or could not read any letters of the chart when placed 1 meter away from the patient. Patients were 
allowed only a single reading of the chart. The patients’ responses were tabulated on a scoring sheet with correctly identified letters 
circled on the sheet. Failure to read any letters was assigned 1.7 logMAR (Snellen equivalent 20/1000). Patients were required to 
identify each letter and were encouraged to guess if not sure, as per the ETDRS protocol. The examiner pointed to each new line. The 
ETDRS chart was scored using a single letter scoring method with credit given for any letter correctly identified. Visual acuity testing 
was repeated with ETDRS Chart 2 (catalog No. 2122; Precision Vision, La Salle, Illinois) placed 2 meters from patient using the same 
termination rules and scoring procedures as the ETDRS chart starting at 4 meters (Figure 2). 
 

FIGURE 2 
Early Treatment Diabetic Retinopathy Study (ETDRS) chart 1 (left) and chart 2 (right) from 
Precision Vision. 

STATISTICAL ANALYSIS 

The Snellen fraction was converted to logMAR for statistical analysis without taking into account the differences in number of letters 
per line. This was done by taking the log to the base 10 of the reciprocal of the Snellen fraction. The score was further modified by 
adding/subtracting 0.02 logMAR to converted values for letters correctly/incorrectly identified on previous/next line (eg, 20/30 = 
+0.18 logMAR and 20/30-2 = +0.22 logMAR). The ETDRS chart visions were scored using the interpolated method described by 
Ferris and colleagues14 such that 0.02 logMAR units were given for each letter correctly identified on the entire chart. Refractions 
were converted to spherical equivalents. Data summaries were based on mean, median, standard deviation, and range for continuous 
measurements, and the frequency and percent for categorical variables. Statistical comparisons for univariate analysis were based on 
paired t tests. Other univariate analysis used the Pearson linear correlation method. Wilcoxon rank sum test was used when 
nonparametric values were analyzed and the normality assumption not met. Bland-Altman analyses were performed to contrast the 
variability between the two charts.5 Analysis of covariance (ANCOVA) was used to identify the magnitude and significance of 
covariates (eg, age, sex, refraction, diagnosis) on the differences between the two charts. Except for situations involving multiple 
comparisons, statistical significance was assumed at the P < .05 level. Bonferroni adjustments were used when multiple comparisons 
were made. Statistical analysis was performed using Stata SE (Version 10.0; StataCorp, College Station, Texas). 

Figure	
  2:	
  ETDRS	
  Eye	
  Chart.	
  Preferred	
  chart	
  over	
  Snellen	
  because	
  
it	
  has	
  same	
  number	
  of	
  letters	
  per	
  line,	
  even	
  spacing	
  and	
  had	
  a	
  
gradual	
  decline	
  in	
  size.	
  It	
  was	
  more	
  accurate	
  at	
  assessing	
  visual	
  
acuity	
  as	
  well.	
  [Source:	
  (Kaiser,	
  2009)]	
  



frequent	
  breaks	
  and	
  limiting	
  the	
  time	
  spent	
  in	
  front	
  of	
  computer	
  screens,	
  can	
  help	
  alleviate	
  
these	
  symptoms	
  temporarily,	
  and	
  allow	
  the	
  reader	
  to	
  continue	
  working.12	
  Also,	
  astigmatism	
  
and	
  presbyopia	
  can	
  affect	
  a	
  radiologists	
  vision	
  as	
  well.	
  This	
  is	
  because	
  astigmatism	
  results	
  in	
  
blurred	
  vision,	
  which	
  could	
  cause	
  the	
  edges	
  of	
  anatomy	
  to	
  be	
  not	
  defined.	
  If	
  abnormalities	
  
blended	
  in	
  with	
  surrounding	
  tissues,	
  this	
  could	
  affect	
  the	
  identification	
  of	
  lesions	
  such	
  as	
  
those	
  either	
  on	
  the	
  chest	
  wall,	
  or	
  adjacent	
  to	
  the	
  chest	
  wall.	
  Thus,	
  to	
  help	
  maintain	
  good	
  
vision,	
  regular	
  eye	
  tests	
  with	
  refraction	
  examinations	
  should	
  be	
  performed.8,	
  13,	
  14	
  Eye	
  tests	
  
once	
  a	
  year,	
  or	
  when	
  radiologists	
  notice	
  a	
  change	
  in	
  their	
  vision,	
  allows	
  optimal	
  eyesight	
  to	
  
be	
  maintained.	
  Visual	
  correction	
  aids	
  can	
  also	
  be	
  worn	
  to	
  combat	
  against	
  astigmatism,	
  
presbyopia	
  and	
  myopia	
  to	
  improve	
  overall	
  vision.15	
  	
  
	
  
Sleep	
  deprivation	
  also	
  has	
  a	
  negative	
  impact	
  on	
  a	
  radiologists	
  visual	
  function	
  as	
  well.16	
  As	
  
this	
  can	
  occur	
  following	
  a	
  night	
  shift	
  or	
  being	
  on	
  call,	
  it	
  is	
  essential	
  that	
  adequate	
  sleep	
  is	
  
achieved	
  to	
  ensure	
  that	
  visual	
  function	
  is	
  not	
  impaired.16	
  
	
  
Radiologists	
  also	
  rely	
  on	
  contrast	
  sensitivity	
  to	
  help	
  differentiate	
  between	
  grey	
  scales	
  in	
  
images,	
  such	
  as	
  fat	
  and	
  fluid	
  densities.2	
  This	
  is	
  because,	
  contrast	
  sensitivity	
  refers	
  to	
  the	
  
threshold	
  required	
  to	
  see	
  a	
  feature	
  reliably.17	
  Moreover,	
  decreased	
  visual	
  acuity	
  leads	
  to	
  a	
  
significant	
  increase	
  in	
  the	
  threshold	
  contrast	
  needed	
  to	
  identify	
  high	
  frequency	
  information	
  
(>2line-­‐pairs/millimeter),	
  such	
  as	
  micro-­‐calcifications	
  on	
  mammograms.14,	
  15	
  As	
  there	
  is	
  an	
  
established	
  link	
  between	
  contrast	
  and	
  spatial	
  resolution	
  for	
  detection	
  of	
  high	
  frequency	
  
information,14,	
  15	
  the	
  modulation	
  transfer	
  function	
  (MTF)	
  is	
  related	
  as	
  well.	
  This	
  is	
  because	
  
the	
  MTF	
  is	
  a	
  measure	
  of	
  the	
  spatial	
  resolution	
  response	
  of	
  a	
  system.	
  Thus,	
  if	
  a	
  radiologist	
  
had	
  poor	
  contrast	
  sensitivity,	
  these	
  micro-­‐calcifications	
  could	
  be	
  missed.	
  To	
  assess	
  contrast	
  
sensitivity,	
  contrast	
  sensitivity	
  testing	
  charts,	
  such	
  as	
  the	
  high	
  and	
  low	
  contrast	
  Bailey-­‐Lovie	
  
charts	
  or	
  the	
  Pelli-­‐Robson	
  chart,	
  should	
  be	
  used.14,	
  18	
  For	
  the	
  Pelli-­‐Robson	
  chart,	
  the	
  letters	
  
change	
  in	
  contrast	
  from	
  different	
  shades	
  of	
  grey,	
  instead	
  of	
  changing	
  in	
  size.14	
  These	
  allow	
  
differences	
  between	
  grey	
  scale	
  levels	
  to	
  be	
  seen,	
  and	
  provides	
  more	
  information	
  on	
  low	
  and	
  
intermediate	
  spatial	
  frequency	
  defects.14	
  	
  
	
  
Cataracts	
  in	
  radiologists	
  can	
  also	
  occur,	
  due	
  to	
  the	
  ionizing	
  radiation	
  received	
  during	
  
interventional	
  procedures,	
  affecting	
  the	
  lens	
  of	
  the	
  eye.14	
  As	
  the	
  lens	
  is	
  one	
  of	
  the	
  most	
  
radiosensitive	
  tissues	
  in	
  the	
  body,	
  opacities	
  may	
  form	
  and	
  lead	
  to	
  visual	
  impairment.14	
  This	
  
affects	
  high	
  spatial	
  frequencies,	
  but	
  posterior	
  sub-­‐capsular	
  cataracts	
  can	
  also	
  cause	
  earlier	
  
loss	
  of	
  contrast	
  sensitivity	
  at	
  lower	
  spatial	
  frequencies	
  as	
  well.14	
  	
  
	
  
The	
  accuracy	
  of	
  diagnoses	
  made	
  by	
  radiologists	
  can	
  be	
  measured	
  by	
  signal	
  detection	
  theory	
  
(SDT),	
  sensitivity	
  and	
  specificity.	
  SDT	
  provides	
  a	
  quantitative	
  description	
  of	
  a	
  reader’s	
  
decision	
  making	
  and	
  can	
  be	
  applied	
  to	
  interpreting	
  images.19	
  The	
  two	
  aspects	
  involved	
  are	
  
discrimination	
  and	
  criterion.19	
  Discrimination	
  refers	
  to	
  the	
  readers	
  ability	
  to	
  detect	
  normal	
  
from	
  abnormal,	
  whereas,	
  criterion	
  refers	
  to	
  the	
  under	
  or	
  overcalling	
  of	
  abnormalities.19	
  Both	
  
concepts	
  are	
  shown	
  in	
  Figures	
  4	
  and	
  5,	
  and	
  are	
  independent	
  of	
  each	
  other.19	
  For	
  novice	
  
radiologists,	
  a	
  smaller	
  discrimination	
  is	
  achieved	
  because	
  it	
  is	
  harder	
  for	
  them	
  to	
  
differentiate	
  between	
  normal	
  and	
  abnormal	
  radiographs.19	
  In	
  contrast,	
  experienced	
  
radiologists	
  have	
  a	
  larger	
  discrimination.19	
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Introduction

Real-life medical decisions usually have to be made based on the weight of the clinical
evidence with some inherent uncertainty. Signal detection theory (SDT) allows the
quantitative description of an observer’s decision making by considering two separate
aspects. The first is called discrimination and measures how well the observer is able to
make correct judgements and avoid incorrect ones. The second is called the criterion,
which is a measure of the bias with which the observer favours one option over another,
independent of the ability to discriminate (McNicol 2004; Wickens 2002).

In the context of radiograph interpretation, discrimination (discrimination parameter, d0)
assesses one’s ability to discern normal from abnormal radiographs. In Fig. 1, the novice
diagnostician has difficulty telling the difference between normal and abnormal films, and
therefore d0 is small. Meanwhile, an expert can, to a much greater extent, separate the
images in terms of their degree of abnormality (d0 is large). The criterion (criterion
parameter, k) measures the inclination to classify a given case as normal or abnormal,
especially for borderline cases. Clinicians with the same ability to discriminate, viewing
the same radiographs, may have a different propensity to call the radiograph normal. There
is no single correct value of the criterion parameter that someone who is interpreting a
radiograph should adopt. The criterion that one performs with depends on the goal (s)he
has in mind, and this likely varies with a given situation (McNicol 2004). A higher (strict)
criterion trades high specificity for relatively lower sensitivity, while a lower criterion does
the opposite (Fig. 2). For example, the radiograph reader may wish to maximize the
number of cases (s)he calls abnormal in order to avoid missing significant pathology.
Alternatively, one may be biased towards assuming that most radiographs will be normal
while reviewing radiographs, thereby resulting in a more specific k. The most efficient
criterion parameter neither under or overcalls radiographs as normal or abnormal.

Fig. 1 Signal detection parameter discrimination—reported as dPrime (d0). The x-axis represents a latent
factor to be detected (in the case of radiograph interpretation, the degree of abnormality). The y-axis is the
number of examples. a A representation of the equal variance signal detection model. For radiograph
interpretation, the left hand curve represents normal cases while the right hand curve cases with
abnormalities. The subject’s ability to discriminate is measured as the distance between their means of these
distributions, quantified as d0. b The novice radiograph interpreter has difficulty distinguishing abnormal
from normal radiographs. Therefore, the separation of the means of the two distributions is small and hence
the subject’s d0 value is small. c The intermediate is better able to distinguish normal from abnormal and
hence their d0 is larger. However, there is still considerable overlap, cases where they are unable to reliably
classify the radiograph. d The expert situation: d0 is large with relatively little overlap (few cases where the
expert cannot distinguish normal from abnormal)
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Figure	
  4:	
  SDT	
  parameter	
  of	
  Discrimination.	
  Image	
  A	
  represents	
  an	
  equal	
  variance	
  signal	
  detection	
  model,	
  
where	
  the	
  left	
  curve	
  represents	
  normal,	
  and	
  the	
  right	
  curve	
  represents	
  abnormal.	
  Discrimination	
  (d’)	
  is	
  the	
  
distance	
  between	
  the	
  two	
  means	
  of	
  the	
  curves.	
  As	
  a	
  reader	
  moves	
  from	
  a	
  novice	
  to	
  expert	
  reader,	
  
discrimination	
  increases	
  and	
  the	
  overlap	
  between	
  the	
  two	
  curves	
  decreases.	
  This	
  is	
  due	
  to	
  expert	
  readers	
  
being	
  better	
  at	
  identifying	
  between	
  normal	
  and	
  abnormal	
  images,	
  and	
  this	
  is	
  shown	
  in	
  Image	
  D.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
[Source:	
  (Boutis	
  et	
  al.,	
  2010)]	
  

	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
SDT	
  is	
  also	
  based	
  on	
  sensitivity	
  and	
  specificity,	
  where	
  sensitivity	
  refers	
  to	
  the	
  ability	
  to	
  
identify	
  abnormalities	
  and	
  specificity	
  refers	
  to	
  the	
  ability	
  to	
  detect	
  normal	
  images.19,	
  20	
  
Furthermore,	
  a	
  high	
  criterion	
  forgoes	
  high	
  specificity	
  for	
  low	
  sensitivity,	
  whilst	
  the	
  opposite	
  
occurs	
  for	
  a	
  low	
  criterion.19	
  The	
  diagnostic	
  accuracy	
  for	
  interpretations	
  of	
  images	
  can	
  be	
  
shown	
  using	
  a	
  2x2	
  table	
  of	
  sensitivity	
  and	
  specificity,	
  and	
  this	
  is	
  demonstrated	
  in	
  Table	
  1.21	
  
Thus,	
  SDT	
  helps	
  provide	
  insight	
  into	
  the	
  accuracy	
  and	
  performance	
  of	
  radiologists	
  and	
  where	
  
areas	
  in	
  reporting	
  can	
  be	
  improved	
  as	
  well.	
  	
  
	
  
	
  
Table	
  1:	
  2x2	
  Table	
  of	
  Sensitivity	
  and	
  Specificity	
  in	
  terms	
  of	
  medical	
  imaging.	
  Sensitivity	
  can	
  be	
  calculated	
  by	
  
TP/(TP+FN),	
  and	
  this	
  represents	
  the	
  probability	
  of	
  detecting	
  abnormalities	
  when	
  it	
  is	
  present.	
  Specificity	
  can	
  be	
  
calculated	
  by	
  TN/(TN+FP),	
  and	
  this	
  represents	
  the	
  probability	
  of	
  detecting	
  a	
  normal	
  image	
  when	
  it	
  is	
  normal.	
  	
  

	
   REAL	
  IMAGING	
  RESULTS	
  
RADIOLOGISTS	
  

INTERPRETATIONS	
  	
  
Abnormal	
   Normal	
  

Abnormal	
   True	
  Positive	
  (TP)	
  
Abnormality	
  detected	
  by	
  

radiologist	
  and	
  abnormality	
  
seen	
  on	
  images	
  	
  

False	
  Positive	
  (FP)	
  
Abnormality	
  reported	
  by	
  

radiologist	
  but	
  NOT	
  detected	
  
on	
  image	
  (normal	
  images)	
  

Normal	
   False	
  Negative	
  (FN)	
  
Normal	
  radiologist	
  reporting	
  
but	
  abnormality	
  present	
  	
  

True	
  Negative	
  (TN)	
  
Normal	
  radiologist	
  report	
  
and	
  normal	
  on	
  images	
  

	
  
	
  
Conclusion	
  
As	
  radiologists	
  are	
  tasked	
  with	
  detecting	
  abnormalities	
  on	
  medical	
  images,	
  eyesight	
  is	
  
crucial.	
  With	
  age,	
  vision	
  deteriorates,	
  and	
  radiologists	
  can	
  maintain	
  optimal	
  vision	
  by	
  taking	
  
regular	
  breaks	
  from	
  computer	
  screens	
  and	
  having	
  their	
  eyes	
  tested	
  regularly.	
  This	
  allows	
  
correct	
  interpretations	
  of	
  images	
  to	
  be	
  performed,	
  and	
  this	
  performance	
  can	
  be	
  measured	
  
by	
  signal	
  detection	
  theory,	
  sensitivity	
  and	
  specificity	
  as	
  well.	
  	
  
	
  
	
  
	
  

In medicine, SDT has been mostly applied to the clinical aspects of diagnostic radiology
(Clarkson 2007; Doubilet 1988; Metz 1986; Swensson 1996; Abdi 2009; Norman et al.
1992). SDT is based on the familiar 2 9 2 table used to calculate sensitivity and speci-
ficity, and in radiology this same fundamental concept has been represented using Receiver
Operating Characteristic (ROC) curves. The equivalent to the discrimination parameter is
the ‘‘area under the curve,’’ while the point on the ROC curve for a given individual is the
homologue of the criterion parameter (Obuchowski 2003).

While these concepts have been used for assessment in radiology education (Clarkson
2007), what has been uncommon is their use in a serial fashion where estimates of
discrimination and criterion are calculated at regular intervals as a trainee develops their
ability to interpret radiographs. Collecting an estimate of a learners’ ability to classify
radiographs as they learn results in a learning curve (Fig. 3) (Ericsson 2006; Ericsson et al.
1993; Hatala et al. 2003; Ramsay et al. 2001; Nodine et al. 1999), and allows us to draw
conclusions about the nature of their individual learning at a fine level of granularity.

The main objective of this study was to examine how a learner’s discrimination and
criterion change with serial exposure to radiological cases in order to better understand the
development of competency in radiograph interpretation.

Fig. 2 Signal detection parameter criterion—reported as lambda (k). a As stated in Fig. 1. b The criterion,
k, is the subject’s bias to call a radiograph for which they are uncertain. In b, the subject has set a criterion
that maximizes their accuracy, for a given ability to discriminate. c A highly specific criterion favours being
correct for Normals over being correct for Abnormals. In this case, k[ d0. Accuracy suffers due to false
negatives. d In this panel, we show a highly sensitive criterion where the subject favours being correct for
abnormals. Numerically, k is generally less than d0/2

Fig. 3 The learning curve—the
x-axis represents the number of
repetitions or period of time spent
learning while the y-axis is some
index of performance, typically
accuracy rate. Point A number of
repetitions at which learning
begins (participant is oriented
and accustomed to the
educational intervention. Slope
AB initially rapid rate of learning;
Point C inflection point at which
learning becomes more effortful;
Point D total number of
repetitions required to achieve a
given level of competency
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Figure	
  5:	
  SDT	
  parameter	
  of	
  Criterion.	
  Image	
  B	
  shows	
  a	
  criterion	
  set	
  at	
  a	
  level	
  that	
  maximizes	
  the	
  accuracy	
  
achievable.	
  If	
  the	
  criterion	
  was	
  set	
  higher	
  (Image	
  c),	
  this	
  allows	
  a	
  specific	
  criterion	
  to	
  be	
  set,	
  which	
  increases	
  the	
  
bias	
  towards	
  normal	
  over	
  abnormal.	
  This	
  increases	
  the	
  rates	
  of	
  false	
  negatives,	
  and	
  decreases	
  accuracy.	
  If	
  a	
  low	
  
criterion	
  was	
  set	
  (Image	
  D),	
  this	
  produces	
  a	
  highly	
  sensitive	
  criterion,	
  and	
  this	
  increases	
  the	
  bias	
  towards	
  calling	
  
images	
  abnormal	
  over	
  normal.	
  This	
  would	
  increase	
  the	
  rate	
  of	
  false	
  positives	
  and	
  decrease	
  accuracy	
  once	
  again.	
  
It	
  should	
  be	
  noted	
  that	
  there	
  is	
  no	
  correct	
  set	
  position	
  for	
  criterion,	
  as	
  this	
  parameter	
  varies.	
  Criterion	
  affects	
  the	
  
outcome	
  and	
  the	
  rate	
  of	
  false	
  positives	
  and	
  negatives,	
  but	
  does	
  not	
  affect	
  the	
  decision	
  making	
  process.	
  	
  	
  	
  
[Source:	
  (Boutis	
  et	
  al.,	
  2010)]	
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