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TH E NE E D L E S T I C K SA F E T Y A N D
Prevention Act of November 2000,
which required healthcare
employers in the United States to
purchase safety-engineered needles
and sharp medical devices, greatly
accelerated the transition to safety
technology. Today, the majority of
needles and sharp devices used in
clinical settings in the U.S. are of
the safety variety, and the number
of conventional devices in use
has  been  dec l in ing .  There
remains  a  cont inued need,
however, for product evaluations
in order to assess the performance
of safety devices.

Evaluations can be conducted in
a number of ways. The most com-
mon is the informal device evalua-
tion or product trial, in which sub-
jective feedback from users is elic-
ited; this type of evaluation has no
minimum requirement for the num-
ber of devices that must be evalu-
ated. Informal product trials are
usually brief and involve clinical
observations of a relatively small
number of devices. They can pro-
vide valuable information about
user preferences and product char-
acteristics when healthcare institu-
tions are considering the adoption
of new devices.

However, such informal evalu-
ations cannot be used to draw ob-
jective conclusions about user in-
jury rates or the safety performance
of specific devices. This can only
be accomplished through a properly

designed, large-scale study, with
the results subjected to statistical
analysis. The table on page 71 shows
the sample sizes of conventional and
safety devices required in order to
make statistically valid comparisons of
injury rates between the two groups.

Safety Efficacy Studies
Safety efficacy studies are based

on comparisons of device-specific in-
jury rates—in this case, rates for con-
ventional devices and their safety
counterparts. Because needlesticks
are, in statistical terms, rare events,
it can be difficult to achieve a sample
size large enough to yield statistically
valid information. According to pub-
lished studies, needlesticks occur in
the range of 1 to 37 injuries per
100,000 devices used.1-6 There is an
inverse relationship between injury
rates and required sample size: the
lower the injury rate, the larger the
denominator (i.e., number of de-
vices) must be in order to attain an
acceptable statistical power of  80%
or 90%. Statistical power is the
ability of a test to show a statisti-
cally significant difference between
groups, if a true difference exists.

Sample Size Calculations
To determine the sample size

needed to achieve a given level of sta-
tistical power, the researcher must
first decide the minimum reduction
in injuries from the safety device that
would be clinically meaningful for
that particular study. For instance,
should the device prevent at least
75% of injuries, or would it be ac-
ceptable to prevent as few as 25%?
Reasonable expectations for injury

reductions from safety-engineered
sharp devices can be derived from the
literature; published studies show re-
ductions from safety devices rang-
ing from a low of 25%3 to a high of
89%.5 It is up to the researcher to
decide what is acceptable under the
specific circumstances of the trial.
This decision, in turn, determines
the number of devices that must be
used in the study to achieve statis-
tical significance. It is worth not-
ing that a 100% reduction in inju-
ries is an unrealistic expectation,
unless the safety device completely
eliminates the sharp.

The table on page 71 correlates
sample-size requirements for the de-
vices being compared (safety and
conventional) with the projected in-
jury rates for the conventional device
and the desired level of injury reduc-
tion for the safety device. The sample
sizes given in the table are designed
to achieve a statistical power of 80%,
where alpha is set to 0.05 in two-
tailed testing, and are calculated us-
ing Fisher’s exact test.7 Since the dis-
tribution of rare-event data may not
meet the normality assumptions of
Pearson’s chi-square test, an exact
test is the preferred analytic proce-
dure. The selected parameters are de-
rived from current literature and
should provide realistic assumptions
for determining sample sizes.

For example, if the projected
baseline injury rate for the conven-
tional device is 15 injuries per
100,000 devices used, and the re-
searcher hopes to demonstrate a 75%
reduction in injuries with the safety
device, then 125,000 conventional de-
vices and 125,000 safety devices
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would need to be used to achieve a
statistical power of 80%. On the other
hand, if the baseline injury rate for
the conventional device is 5 per
100,000 and the researcher wants to
show the same 75% reduction in in-
juries, the sample-size requirement is
375,000 for each kind of device. If
the investigator establishes 25% as the
minimum reduction worth detecting,
then the sample-size requirement would
be 1.15 million per group, given a
baseline injury rate of 20 per 100,000.

Discussion
The calcula-

tions presented in the
table show that the
number of devices
required to compare
needlestick rates for
conventional and
safety devices is
enormous—even for
sample sizes on the
lower end of the
scale. At the high
end, more than four
million devices per
group would be
needed to achieve
statistical signifi-
cance if a conven-
tional device causing
5 injuries per
100,000 devices were compared to a
safety device reducing injury rates by
25%. At the low end, 94,000 devices
per group would be needed to achieve
statistical significance if a conventional
device causing 20 injuries per 100,000
devices were compared to a safety de-
vice that reduced injury rates by 75%.

For the majority of healthcare
facilities, these sample-size require-
ments would exceed annual device
usage in most device categories. In
the largest hospitals, an estimated 1.5
to 3 million syringes are used per
year; for intravenous (IV) catheters,
usage ranges from 75,000 to 300,000
devices per year, with a similar range
for winged steel needles and phle-
botomy needles. In average-sized or

small hospitals, the number of devices
used annually in these categories is
much lower.

The investigator contemplating a
single-center trial must first determine
if the annual usage of the device to be
evaluated is adequate to meet mini-
mum sample-size requirements. If not,
a multi-center study will likely be
necessary. Another alternative is to
extend the trial for the amount of time
necessary to achieve an adequate
sample size—if the results would
still be worth knowing by the time

the trial ended.
Undertaking a study without an

adequate sample size increases the
chance that statistical significance
will not be achieved—even if the
safety device is effective. Consider,
for example, a study in which
150,000 needles are used in each
group, conventional and safety, and
the conventional device has a true
baseline injury rate of 5 injuries per
100,000 needles. If the true relative
effectiveness of the safety device is
50%, then the probability of ob-
taining statistically significant re-
sults in two-tailed testing, where
alpha=0.05, is only 27%. In other
words, it is most likely that the
results from the study will not be

statistically significant.
Many challenges face investiga-

tors as they embark on efficacy trials
of safety-engineered devices, but
none is more important than assur-
ing that the sample size is adequate
to meet statistical requirements. This
will become even more challenging
as safety-engineered devices become
the predominant technology in the
medical device marketplace. Even-
tually, safety devices with very low
baseline injury rates will be tested
against other, similar safety devices

to determine which is
“safest.” The result is
that sample-size re-
quirements for such
studies may reach
prohibitive extremes,
making multi-center
collaborative studies
a necessity in order to
meet statistical de-
mands. 
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 Injuries per 100,000 % reduction with    Number of
conventional needles   safety devices devices required

per device type

5         25%     4,600,000
        50%     1,000,000
        75%        375,000

10         25%     2,300,000
        50%        500,000
        75%        186,000

15         25%     1,540,000
        50%        340,000
        75%        125,000

20         25%     1,150,000
        50%        250,000
        75%          94,000

† Fisher’s exact test, alpha=0.05, power=80%, two-tailed testing.

Table 1. Sample-size requirements for detecting reductions
in needlestick rates†


