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OBJECTIVE. To determine the prevalence of and factors contributing to eye strain among
radiologists, we examined the influence of the viewing method (PACS vs hard-copy film), age,
case volume, technique, work habits, and workstation design on symptoms.

MATERIALS AND METHODS. An Internet-based survey was sent to 2,700 radiolo-
gists randomly selected from the membership database of the Radiological Society of North
America. Questions included demographic information, viewing method, work habits, and
workstation design. Common eye strain symptoms were evaluated on a 5-point Likert scale.
Chi-square analysis, analysis of variance, and step-wise and regression analyses were per-
formed to evaluate codependence of the explanatory variables with eye strain.

RESULTS. The adjusted response rate was 14% (380 respondents). The largest age cohort
was 36-50 years. The prevalence of eye strain was 36% and was not affected by the viewing
method (PACS vs film). Increased symptoms could be independently predicted in radiologists
who were women (p < 0.001), had longer work days (p = 0.009), took fewer breaks (p = 0.03),
reported screen flicker (p = 0.0003), and performed CT screening (p = 0.04). Working hours
had the strongest influence on eye strain. Eye strain was increased in those who reported studies
for longer than 6 hr per day (p = 0.01) and decreased in those who took breaks every hour (p =
0.04). Symptoms were independent of the length of the break taken and of other workstation
and technique factors.

CONCLUSION. Eye strain was common among the radiologists in our study population,
with no significant difference between PACS and hard-copy film users. Taking frequent short
breaks, eliminating screen flicker, and limiting the number of CT screening studies interpreted

may improve symptoms.

omputer technology, which has

transformed the workplace, has
also introduced an array of related
health complaints, most of which
involve the visual and musculoskeletal sys-
tems. Symptoms of eye strain are the most
commonly reported complaints among com-
puter users [1, 2]. Because eye strain has
mainly been investigated and described in
computer workers, it has also been termed
“computer vision syndrome” [1]. Eye strain
(asthenopia) is a symptom complex that in-
volves sensations of irritation to the eye itself,
changes in vision (such as blurred or double
vision), and associated symptoms such as
headache [2, 3]. The main cause of eye strain
is thought to be fatigue of the ciliary and ex-
traocular muscles due to the prolonged ac-
commodation and vergence required by near-
vision work [1-4]. Another causative factor
that has been implicated in eye strain is dry-

ness of the eyes resulting from an increased
exposed surface area of the cornea when fo-
cusing straight ahead (rather than down at
written text) and a decreased blink rate due to
mental concentration [2]. Computer video-
tape display factors and workstation design,
including screen resolution and contrast, im-
age refresh rates, screen flicker and glare, and
working distances and angles are thought to
contribute to symptoms [1-3]. Psychologic
factors also play a role in determining the de-
gree to which symptoms are experienced and
expressed [2, 3]. No permanent damage to the
visual system occurs, although work perfor-
mance can be temporarily compromised [3].
Many studies have been performed to assess
eye strain in office workers using computers
with current estimates of prevalence of ap-
proximately 40% [2]. Improving the ergo-
nomic design of workstations and modifying
the work habits of computer users (with sup-
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plementary breaks) have been shown to have
positive effects on eye strain in these workers
[2, 5-7].

With the introduction of PACS and extensive
use of computers for administrative tasks [8], ra-
diologists are likely to be susceptible to such
computer-related symptoms. Although the type
of lighting and the variety of tasks performed in
the office workplace differ considerably from
those in the environment in radiology interpret-
ing rooms, eye strain is likely to occur by similar
mechanisms. To our knowledge, no scientific
study to date has been performed to assess the
prevalence of eye and neck symptoms in radiol-
ogists. The purpose of our study was to deter-
mine the prevalence of eye strain among
radiologists, examining the influence of view-
ing method (PACS vs hard copy), age, case vol-
ume, technique, work habits, and workstation
design on these symptoms.

Materials and Methods

An Internet-based survey (FormArtist, Quask
Software) was sent electronically in January 2003
to 60 radiologists affiliated with our institution (as
a pilot study), and twice in February 2003 to 2,700
North American radiologists randomly selected
from the membership database of the Radiological
Society of North America. A hard-copy version of
the survey was also distributed to all attendees (115
radiologists) at an international general radiology
conference in February 2003. The identical survey
was sent to all three groups (Appendix 1).

The survey included questions about demographic
information (age, sex, and number of years in prac-
tice), personal eye care (including use of eye drops
and corrective lenses, type of correction and fre-
quency of visits to an ophthalmologist), PACS versus
film use, work habits (e.g., frequency and length of
breaks taken and length of the work day), and work-
station and interpreting environment design (e.g., size
and resolution of computer monitors, ergonomics of
workstations, and the ability to adjust lighting of the
viewing environment). Eye strain was assessed
through evaluation of common symptoms frequently
described in the computer literature. These symptoms
included itching, burning, or irritated eyes; tired or
heavy eyes; difficulty seeing clearly (including
blurred or double vision); and headache. The occur-
rence of common eye strain symptoms were evaluated
on a 5-point Likert scale ranging from “Never” (1) to
“Always” (5). All questions in the survey were pre-
sented in a forced-choice format.

The data from the three sets of recipients were
pooled. Chi-square analysis, analysis of variance,
and step-wise and step regression analyses were
then performed to evaluate codependence of the ex-
planatory variables with eye strain symptoms. An
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eye strain score was derived using principal compo-
nent analysis based on the variables in the question-
naire that were considered to contribute to eye
strain. The resulting score (the first principal com-
ponent) provided the maximal and most sensitive
measure of variation among subjects on the basis of
eye strain. Chi-square analysis was used to analyze
the subcohorts of the pooled population (the con-
ference attendees, the radiologists affiliated with
our institution, and the 2,700 e-mail recipients) for
differences in response rate, age, sex, years in prac-
tice, and symptoms of eye strain.

Results
The pooled response rate—adjusted for
failed e-mail addresses, absentee recipients,

and inappropriate recipients (e.g., radiation
physicists)—was 14% (380 respondents).
The separate subcohorts in our study popula-
tion had significantly different response rates
(p <0.0001) ranging from 46% (the confer-
ence subgroup) to 12% (the 2,700-person
e-mail subcohort). However, the three groups
did not differ significantly in age (p = 0.16),
sex (p =0.71), years in practice (p = 0.12), or
total eye strain (p = 0.20). For a summary of
the survey results from the pooled population,
refer to Table 1. The prevalence of eye strain
in our study population (defined as eye strain
experienced at least some of the time) was
36%. Eye strain was not influenced by view-
ing method (PACS vs film, p = 0.36).

L7:\: 15N I Demographics, PACS/Film Utilization and Symptoms of Eye Strain

Factor Category % of Respondents Influence of Factor on Eye Strain
Age (yr) <35 8 Increased with younger age (p < 0.01)
36-50 55
51-65 33
> 65 4
Sex M 75 Increased with females (p < 0.001)
F 25
Years in practice <1 1 No influence when adjusted for age
1-6 15
6-10 16
>10 68
Work hours <4hr 6 Increased with longer working hours
(reviewing cases) 46 27 (p<0.01)
7-9 55
>9 12
% of time using PACS 0-25 40 No influence of viewing method on eye
26-50 15 strain
51-75 9
76-100 36
% of time using film 0-25 32
26-50 n
51-75 17
76-100 40
Eye strain symptoms |Never 35 Not applicable
Rarely 29
Sometimes 24
Often 11
Always 1
Frequency of breaks |Once daily 14 Breaks at least every hour reduce eye
Twice daily 2 strain {p <0.05)
Every 2 hr 38
At least every hour 28
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In our study population, independent pre-
dictors of increased eye strain symptoms were
female sex (p < 0.001), younger age (p <
0.01), longer work days (p = 0.009), fewer
breaks (p = 0.03), noticeable screen flicker (p =
0.0003), and performance of CT screening (p =
0.04). CT screening, when part of the respon-
dent’s work week, was almost exclusively per-
formed less than 26% of the time. Age and sex
had a significant impact on eye strain symp-
toms even when adjusting for the length of
work day. The number of working hours had
the strongest influence on eye strain, followed
by age and then by performance of screening
CT. Eye strain increased when respondents
were reporting studies for more than 6 hr per
day (p = 0.01) and decreased when respon-
dents were taking breaks at least every hour (p =
0.04). Symptoms were independent of the
length of the break (p = 0.22) and other work
station (p > 0.2) and technique factors (p =
0.07). Corrective lenses were worn by 86% of
the respondents. The use of corrective lenses,
type of correction, and frequency of eye exam-
inations did not correlate with eye strain
symptoms (p > 0.05).

Discussion

In recent years, technologic advances (in-
cluding the introduction of MDCT) coupled
with an increasing number of unfilled radiol-
ogy positions have led to an increasing work-
load for radiologists [9]. Radiology services
can be quantified in terms of relative value
units (RVUs), which account for both the
number and complexity of procedures per-
formed by a radiologist. An 18.5% increase in
RVUs per radiologist was measured between
1993 and 1997 [9] and a 13% increase was
measured between 1995-1996 and 1998-
1999 [10]. To effectively manage these in-
creasing demands, radiologists need to focus
on strategies to maximize productivity. Eye
strain, which has a high prevalence in our
study population, can hinder productivity and
diagnostic interpretation by causing “percep-
tual errors, performance errors, decrease in
reaction time, fatigue, and even burn out...”
[11]. These symptoms are therefore highly
relevant to the radiologist in today’s work en-
vironment.

Given the high prevalence of eye strain in
computer users, our finding that eye strain did
not differ between PACS and film users was
unexpected. It is reasonable, however, to be-
lieve that the practice of radiology, which re-
quires prolonged focusing and concentration,
produces strain on the visual system that may
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markedly outweigh the influence of using
computers rather than viewboxes. There may
also have been some contamination between
PACS and film groups, with film-based radi-
ologists using computers frequently for ad-
ministrative tasks (e.g., receiving e-mail and
approving reports).

The influence of age and sex on eye strain
symptoms is difficult to explain. A similar sex
effect has been described in two other studies
on eye strain [12, 13]. However, the most
likely explanation for both is a self-reporting
bias, whereby a person’s background and be-
liefs affect the recall and reporting of symp-
toms. In addition, the low response rate in our
study population may have created a nonre-
sponse bias, whereby younger radiologists
were more likely to respond if experiencing
worse symptoms and older radiologists were
likely to respond with the same frequency re-
gardless of the degree of symptoms experi-
enced. Other factors may also contribute to
this finding. For example, the “one-size-fits-
all” ergonomic design of most radiology de-
partments, possibly being less favorable for
female radiologists, may play a role. Our sur-
vey also did not specifically investigate cer-
tain aspects of radiology practice that may be
influenced by age or sex that could affect eye
strain symptoms. Such factors would include
the location of the practice (tertiary center vs
community hospital), amount of call time,
number of days worked per week, and in-
volvement in research activities.

Most of the radiologists in our study popula-
tion wore corrective lenses. We did not find an
association between eye strain and the use of cor-
rective lenses or the type of correction required.
Those with small refractive errors and oculomo-
tor problems may only become symptomatic
during the demanding conditions of sustained
work on VDTs. Formal eye assessment and use
of appropriate corrections may therefore be ben-
eficial for radiologists [2, 4, 13, 14].

The performance of screening CT (e.g., pul-
monary nodule screening, CT colonography,
and full-body CT studies) was a predictor of
increased eye strain symptoms in our study
population. Because almost all of those who
performed CT screening spent less than 26%
of the work week on this task, we could not as-
sess the variations in eye strain with differing
amounts of screening CT. Increased eye strain
when performing CT screening likely results
from the high volume of images that must be
assessed in such studies. Using standard prev-
alence figures for colonic polyps [15] and the
average number of images per CT colono-

graphic examination, we estimated that a radi-
ologist must review 13,000 2D images to
detect one colonic polyp. It is likely that other
forms of cross-sectional imaging (e.g., CT an-
giography) will increase eye strain in radiolo-
gists as technology allows faster acquisition of
thin slices and larger data sets.

Other than screening CT, the technique
used did not influence eye strain symptoms.
In testing the hypothesis of differences be-
tween PACS and film interpretation, we did
not assess mammography and interventional
radiology because use of PACS is less consis-
tent in these two areas than other techniques.
However, these two areas do provide unique
ergonomic challenges to the radiologist and
are an area for future research.

The influence of workstation design on eye
strain is of great interest because workstations
are highly modifiable especially at the stage
of initial PACS implementation. Noticeable
screen flicker is a factor that we have shown
correlates strongly with eye strain. Apparent
or noticeable flicker may be avoided by opti-
mizing the refresh rate for CRT monitors and
pixel response time for LCD monitors [16—
18]. Appropriate and timely computer screen
maintenance is also likely to be helpful.

Other workstation factors were not shown to
have an influence on eye strain in our study pop-
ulation. However, many radiologists did not
have sufficient knowledge regarding factors
such as screen size, resolution, and type for us to
accurately assess their impact on eye strain.

Lighting in the viewing environment is a
key factor in workstation design that is often
not adequately addressed in PACS imple-
mentation [19]. Although we inquired
whether the lighting of the viewing environ-
ment was adjustable, we did not ask more
detailed questions about ambient lighting.
For example, factors such as the type of
lighting (overhead vs indirect), the presence
of windows or viewboxes, and the number
and position of monitors in the image inter-
preting room are likely to be important, as
indicated by Siegel et al. in a survey of radi-
ologists using PACS [20].

In our study, we found that reviewing cases
for less than 7 hr per day and taking short
breaks at least once per hour positively af-
fected eye strain symptoms. This information
provides practical suggestions for radiolo-
gists to minimize symptoms. Studies in com-
puter workers indicate that work rate may
increase with the introduction of short supple-
mental breaks compensating for time “lost”
during the breaks [2, 5].
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Many radiologists may not be aware of
other simple strategies to reduce eye strain
that have been described in the computer lit-
erature. For example, one recommendation is
the 20-20-20 rule: focus 20 ft (6.1 m) away
from the monitor for 20 sec every 20 min.
This allows users to change their posture and
temporarily rest the muscles of accommoda-
tion. The ideal position for viewing a monitor
is 25 inches (60 cm) away, with the gaze di-
rected slightly below the horizontal plane
[21]. Monitors placed on top of a PC housing
on a conventional table (height, 28 inches or
72 cm) are likely to be at eye level for the av-
erage viewer and therefore too high [22].
White coats should be removed when work-
ing at a computer to avoid the reflection of
light or glare onto the monitor. Monitor
brightness should be matched to that of the
viewing environment [21]. Artificial tears and
increased blinking may help; the eyes fre-
quently become dry from a reduced rate of
blinking while one is using computers [3, 23].

The main drawback of our study was a low
survey response rate despite attempts to max-
imize response rate by keeping the survey as
brief as possible and using a forced-answer
format. The use of e-mail to distribute a sur-
vey, although convenient and rapid, has been
shown to result in a lower response rate than
that achieved with conventional postal mail
surveys [24, 25]. The survey response may
have been further hindered by the require-
ment of a specific type of computer software
(FLASH) to access the survey. Physicians in
general have also been shown to have a lower
mean response rate to surveys compared with
the general population [26].

A low response rate can generate a nonre-
sponse bias, whereby those who do respond
may be more likely to experience symptoms
or may belong to a selected demographic
group. This bias could have a significant ef-
fect on our estimate of prevalence, causing er-
roneous elevation. Associations between eye
strain and other variables are likely to be more
robust to this nonresponse bias. The lack of a
significant difference between our subcohort
with a higher response rate of 46% and that
with a lower response rate of 12% with re-
spect to demographics and eye strain symp-
toms argues against a strong nonresponse bias
in our study population.

A second difficulty in our study arises from
the lack of a standardized form of assessment
for eye strain. Without a standardized system
for scoring eye strain, the eye strain in radiol-
ogists cannot be compared accurately with
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that of other groups. Eye strain has been ex-
tensively studied in the computer literature.
Self-reporting is the most commonly used as-
sessment method because it is fast and cheap
and can be applied to general populations
[27]. However, the use of self-reporting intro-
duces the issue of self-reporting bias,
whereby the personal experiences of the re-
spondent may affect the recall, interpretation,
and reporting of symptoms.

Finally, we encountered problems in quan-
tifying the exact amount of time spent review-
ing cases. In an attempt to make the survey as
brief as possible, we did not investigate sev-
eral factors determining workload. First, we
did not differentiate between radiologists in
private versus academic practice. Those in ac-
ademic groups have been shown to average
substantially fewer procedures or studies per
year than those in community practice [9, 10].
Although this difference may relate partly to
the complexity of the studies, academic radi-
ologists typically spend a significant portion
of their time in research and teaching activi-
ties. Our study did not take into account these
work activities. In addition, we did not query
respondents regarding the number of days
worked per week, number of weeks worked
per year, or on-call activities.

In conclusion, eye strain was common in ra-
diologists in our study population and did not
vary significantly between those using PACS
and film. Given ongoing technologic advances,
the rate-limiting factor to productivity will be ra-
diologist fatigue, including eye strain. Taking
breaks of any length at least every hour, limiting
work day length, eliminating computer screen
flicker, and adopting other simple strategies dis-
cussed previously may improve symptoms. In-
creased high image volume studies (e.g.,
screening CT) in radiology practices may in-
crease symptom prevalence, and time spent re-
viewing such studies should be limited.
According to existing literature studying com-
puter users, improving the ergonomic design of
workstations is likely to help symptoms, but ed-
ucation of radiologists on proper viewing habits
is equally important.
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APPENDIX I. Eye Strain Survey

Demographics
1. Age
a. <35 years
b. 36-50 years
c. 51-65 years
d. > 65 years

2. Sex
a. Male
b. Female

3. How many years in practice?
a. <1 year
b. 1-5 years
c. 6-10 years
d. > 10 years

4. Do you wear corrective lenses (either glasses or contact lenses)?
a. Yes
b. No
If yes, when do you wear them?
a. For reading
b. For distance
c. For both

5. Do you use eye drops on a regular basis?
a. Yes
b. No
If yes, which kind of drops do you use?
a. Artificial tears
b. Glaucoma drops
c. Antibiotic drops
d. Other

6. When was your last eye examination?
a. Never
b. Within the last year
c. > 1 year ago

Working Conditions
7. During the past year, estimate the percentage of studies you
reviewed on:
i. Film
ii. PACS
Choices: a. 0%, b. 1-25%, c. 26-50%, d. 51-75%, e. 76-99%, f. 100%

8. How many hours a day (on average) do you spend reviewing cases?
a. <4 hours
b. 4-6 hours
c. 7-9 hours
d. >9 hours

9. On average, what percentage of time in a week do you spend
working on the following techniques?
i. Screening CT (e.g., total-body scans, pulmonary nodule scans)
ii. Diagnostic CT
iii. MRI
iv. Sonography
v. Conventional radiography (films)
vi. Nuclear medicine studies
vi. Angiography
Choices: a. 0%, b. 1-25%, c. 26-50%, d. 51-75%, e. 76—-100%

10. How many studies do you review on average per day:
i. when reviewing cross-sectional imaging (including nuclear
medicine scans)?
ii. when reviewing conventional radiographs?
Choices: a. 0-25, b. 26-50, c. 51-75, d. 76-100, e. > 100

11. How often do you take a break from looking at films?
a. Once a day
b. Twice a day
c. Every 2 hours
d. At least every hour

12. What is the average duration of your breaks (excluding
lunch break)?

a. <5 min

b. 5-10 min

c. 11-15 min

d. > 15 min

AJR:184, February 2005
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APPENDIX I. Eye Strain Survey (continued)

Eye—Neck Strain Symptoms
13. How often, from 1 (never) to 5 (always), do you experience the
following symptoms during work:
i. Itching, burning, or irritated eyes?

ii. Tired or heavy eyes?

iii. Difficulty seeing clearly (e.g., blurred or double vision)?

iv. Headache?

v. Neck soreness or stiffness?
Choices: 1. never, 2. rarely, 3. sometimes, 4. often, 5. always

14. When do you experience these symptoms most intensely?
a. Only at the beginning of the day
b. Only at the end of the day
c. Starting part way through the day and persisting for the rest
of the day
d. All day

15. If you predominantly use PACS now, have you ever used
predominantly hard-copy films in the past?

a. Yes

b. No
If yes, then how do the symptoms with PACS compare to those with
film?

a. Much worse now that you use PACS

b. Slightly worse now that you use PACS

c. About the same with PACS and film

d. Better now that you use PACS

Workstation Design (only for those working with PACS)
16. How many monitors do you work with at your workstation?
a. One
b. Two
c. More than two
d. Number varies

17. Which kind of monitor do you use?
a. LCD (flat screen)
b. CRT
c. Both
d. Don’t know

18. What is the screen size of the monitor you use most of the time?
a. 17 inches
b. 19 inches
c. 21 inches
d. Don’t know
e. Screen size varies

19. What is the resolution of your monitor?

a. High resolution (2,000 x 2,500 pixels)
Medium resolution (1,000 x 1,600 pixels)
. Low resolution (512 x 512 pixels)

. Don’t know
. Screen resolution varies

oo o

20. Does your screen have noticeable flicker?
a. Yes
b. No

21. Can you optimize the lighting of your viewing environment?
a. Yes
b. No

22. Is the height of your workstation adjustable?
a. Yes
b. No
If yes, do you ever adjust it?
a. Yes
b. No

23. Are you able to easily adjust your viewing distance?
a. Yes
b. No
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