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Abstract

Prolonged exposure to high-intensity noise has been
associated with noise-induced hearing loss, hyper-
tension, psychological stress, and irritability. The
National Institute of Occupational Safety and Health
considers levels above 85 decibels (dB) as harmful.

In the study reported here, we sought to deter-
mine whether noise levels in orthopedic cast clinics
were within safe limits. A calibrated noise dosimeter
was worn by cast technologists during 7 adult and 7
pediatric cast clinics, and noise levels were recorded.

Mean equivalent continuous noise levels were 77.8
dB (adult clinics) and 76.5 dB (pediatric clinics), mean
noise levels adjusted for an 8-hour day were 76.6 dB
(adult) and 75.9 dB (pediatric), and mean peak noise
levels were 140.0 dB (adult) and 140.7 dB (pediatric).

Mean noise levels in cast clinics were within safe lim-
its and there was no statistical difference in noise levels
between adult and pediatric clinics. However, peak noise
levels in all clinics exceeded recommended limits, and
even brief exposure to noise of this intensity may be
hazardous.

oise-induced hearing loss (NIHL) is a well-

known consequence of prolonged exposure

to high levels of noise. It is an irrevers-

ible disability linked to other effects, such as
hypertension, psychological stress, and irritability.! The
National Institute for Occupational Safety and Health
(NIOSH) estimated that more than 30 million employ-
ees in the United States are exposed to hazardous levels
of noise each year, rendering NIHL a compensable
occupational disability.!
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Noise levels are routinely measured in A-weighted
decibels (dB), which are within the range detectable by
the human auditory system. The NIOSH recommended
exposure limit is 85 dB, as an 8-hour time-weighted
average (TWA) (Table).! Exposures at or above this level
are considered hazardous. Noise-reduction measures,
including administrative or engineering controls, per-
sonal hearing protection devices, and audiometric testing
of workers are mandatory for noise levels above 85 dB.!

Much of the work related to NIHL and occupational
noise exposure has focused on the mining, manufactur-
ing, and aerospace industries. However, over the past
few decades, the topic of NIHL in health care has
emerged. Workplace safety in the health care industry
is of utmost concern. Guidelines and policies have been
developed to protect workers from needle-stick injuries,
infection transmission, low-back injury secondary to
heavy lifting, and repetitive use syndromes. In orthope-
dics, work has been conducted to minimize the risk for
intraoperative splash injuries and radiation exposure
and, more recently, to determine the risk for noise
exposure.”® It has been determined that noise levels in
the operating room routinely exceed 100 dB and are
occasionally in excess of 120 dB.? In addition, NIHL
has been documented in cast technicians and orthope-
dic surgeons and has been associated with duration of
exposure.>’

Orthopedic surgeons and cast technicians spend a
large amount of time in clinics, where the potential
for hazardous noise levels is high. Despite great public
interest in occupational safety, and a large amount of
work focused on the health care field, there is a paucity
of data regarding noise levels in orthopedic cast clin-
ics. In the study reported here, we sought to determine
whether noise levels in adult and pediatric orthopedic
cast clinics were within safe limits.

MATERIALS AND METHODS
Given the high levels of cast clinic noise reported by
orthopedic surgeons, patients, and cast technologists, a
pilot study was undertaken. A calibrated noise dosimeter
was affixed to the shoulder of an orthopedic technologist
for an entire pediatric cast clinic. Recording duration
was 4 hours 55 minutes, and TWA for the 8-hour day was
78.3 dB with peak noise level in excess of 111 dB. These
findings prompted us to conduct a formal study of noise
levels in both adult and pediatric cast clinics.

www.amjorthopedics.com



150

140 .

130 _ :‘ ":__
M 120 = - . ot
T
-~ 110
g o
-1 o0
2 Lt
0 80 th | Al
g 70 i[ Mmﬂ«. JL | U“’*‘

eo 1| 1 | \

s0 L AR i |

o 50 100 150 200 250
Time, min

Figure 1. Representative sample of raw noise-recording data
from adult cast clinic: mean noise level (LAeq), instantaneous
peak noise level (Loga)-

The study took place in 2 cast rooms at our institu-
tion. The 12x25-foot children’s room could accommo-
date up to 3 patients at a time and had a 12-foot ceiling.
The 48x%20-foot adult room could accommodate up to
6 patients at a time and had a 10-foot ceiling. Patients
were seen in these rooms for cast application and
removal and follow-up assessment and treatment. Each
clinic had 2 cast saws (Castvac 986; Stryker, Kalamazoo,
Michigan) which were used to remove casts. Both had a
vacuum near the blade to remove dust as casts were cut.

All the cast clinics conducted over a 10-day period
at our institution were included in the study—yielding
7 adult and 7 pediatric clinic recordings. Between 1 and
4 cast technologists were working each clinic. Before
clinic, 1 technologist was randomly assigned to wear a
noise dosimeter by an individual not involved in the
study. The calibrated noise dosimeter (CR:110A; Cirrus
Research, Hunmanby, North Yorkshire, England) was
affixed over the shoulder on the side the technologist
held the cast saw. Noise levels were recorded during the
entirety of each clinic.

The data recorded by the noise dosimeter were down-
loaded and analyzed with the software provided by the
dosimeter manufacturer. Statistical analysis of the data
was undertaken using ¢ test to determine if a difference
in noise levels existed between the adult and pediatric
clinics. The results were interpreted using the NIOSH
recommendations for a criterion standard.!

RESuLTS
Mean recording duration was 5 hours 50 minutes (adult
clinics) and 6 hours 28 minutes (pediatric clinics). Figure
1 shows a representative sample of the raw noise-record-
ing data from 1 clinic. Equivalent continuous noise level
(L,.,) Was mean noise level during the recording period.
Mean (SD) L Acq WAS 77.8 (1.55) dB (adult clinic) and 76.5
(2.56) dB (pediatric clinic). TWA, as calculated by the
dosimeter, was used to determine mean noise exposure
over an 8-hour period based on noise levels during the
recording period. When the recording period was less
than 8 hours, the rest of the 8-hour period was assumed
to be quiet. Mean (SD) TWA was 76.6 (1.53) dB (adult
clinics) and 75.9 (2.77) dB (pediatric clinics). Peak noise
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Figure 2. Mean (SD) noise levels in adult and pediatric cast clin-
ics: equivalent continuous noise level (L), time-weighted aver-
age for 8-hour day (TWA), peak noise level (L), decibels (dB).

level (Lppak) Was maximum impulse noise level at any
instant of the recording period. Mean (SD) Ly, was
140.0 (5.49) dB (adult clinics) and 140.7 (4.15) dB (pedi-
atric clinics). Between the adult and pediatric cast clinics,
there was no significant difference with respect to record-
ing duration (P = .24), L Acq (P =.42), TWA (P =.64), or
Lppax (P =.73) (Figure 2).

DiscussioN

It has been well documented that orthopedic surgeons,
support staff, and patients are exposed to very high Lpp,
in the operating room, particularly during total knee and
total hip replacements.> Holmes and colleagues® reported
NIHL (in cast technologists) related to years of exposure.
There was more hearing loss on the side the technologist
held the cast saw. These findings imply that NIHL is a
disability for which orthopedics staffs are at risk, and that
NIHL may be related to the noise produced by cast saws.

Our study results showed that the Ly, of cast saws
plus cast-room voices far exceeded recommended limits
and was higher than that reported in operating rooms.
Mean L, during all clinics in our study was 140.3
dB, which is a concern, as NIOSH has indicated that
impulse noise levels should never exceed 140 dB (Table).
Formal hearing-loss prevention programs are not man-

Table. National Institute for Occupational
Safety and Health (NIOSH) Noise Exposure
Levels and Maximum Permissible
Exposure Time'!

Noise Maximum Permissible Exposure Time
Level, dB h min s
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110
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120
125
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datory based on high Ly, if TWA is less than 85 dB.
However, it is recommended that workers wear hearing-
protection devices, such as earmuffs, during activities
that may produce high impulse noise—such as using a
cast saw.

The inspiration for this study came from the intense
noise levels reported by staff and patients in cast clinics.
Good correlation has been found between noise expo-
sure reported by workers and hazardous noise levels
recorded by dosimeters.® Warning signs of hazardous
noise are the need to raise one’s voice to be heard 2 feet
away and speech sounds being muffled after departure
from a noisy area.® Although TWAs in the cast clinic
were under the 85-dB threshold, staff and patient expo-
sure to subjectively high noise levels should raise con-
cern regarding potentially hazardous noise levels.

Intense noise not only causes irreversible hearing loss
but may lead to increased patient anxiety. Carmichael
and Westmoreland® randomly assigned 20 children to
hearing protection or no hearing protection, and mea-
sured changes in heart rate as a marker of anxiety as the
children entered a cast clinic. There were significantly
lower heart rate increases in the children with hearing
protection, but 25% of these children did not tolerate
wearing that protection. Liu and colleagues!® found
that lullaby music in the cast clinic decreased anxiety
among pediatric patients. These findings suggest that
noise in the cast clinic increases anxiety among children.
The resultant psychological effect of such anxiety may
be enormous—further reinforcing the need to decrease
noise levels.

We conclude that mean noise levels in these cast clin-
ics were within safe limits. However, L., exceeded the
recommended limit, and, for brief periods, clinic noise
levels were very high. These noise levels may pose a risk
for NITHL.

Cast rooms and cast saws vary in size and design, so
it is difficult to generalize our findings to all clinics. As
noise levels in very large and very small cast rooms may

differ substantially, we recommend that baseline noise-
level testing be performed in all cast clinics. Patients and
staff in cast clinics should use personal hearing-protec-
tion devices while cast saws are being used. Designers
of clinics should consider engineering noise-reduction
strategies, and level of noise production should be taken
into account when purchasing cast saws.
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