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Comparative Vibration Levels Perceived Among
Species in a Laboratory Animal Facility

John N Norton,"* Will L Kinard,? and Randall P Reynolds'

The current study was performed to determine the vibration levels that were generated in cages on a ventilated rack by
common construction equipment in frequency ranges likely to be perceived by humans, rats, and mice. Vibration generated
by the ventilated rack blower caused small but significant increases in some of the abdominal, thoracic, and head resonance
frequency ranges (RFR) and sensitivity frequency ranges (SFR) in which each species is most likely to be affected by and
perceive vibration, respectively. Vibration caused by various items of construction equipment at 3 ft from the cage were
evaluated relative to the RFR and SFR of humans, rats, and mice in 3 anatomic locations. In addition, the vibration levels in
the RFR and SFR that resulted from the use of a large jackhammer and were measured at various locations and distances in
the facility and evaluated in terms of humans, rats, and mice in 3 anatomic locations. Taken together, the data indicate that a
given vibration source generates vibration in frequency ranges that are more likely to affect rats and mice as compared with

humans.

Abbreviations: FFT, fast Fourier transform; RFR, resonance frequency range; SFR, sensitivity frequency range.

Noise and vibration in a laboratory animal facility are cited
as factors that can induce stress in animals and alter research
results.31624313235 The effects of noise and vibration on research
animals are difficult to separate because sources of noise also
can cause vibration. Noise generated in a laboratory animal
facility from various sources has been quantified,?*? but little
information is available in the literature regarding how much
vibration is associated with this noise. Because vibration may be
as important as or more important than noise in causing physi-
ologic changes in animals, we performed the current study to
examine the levels of vibration associated with ventilated rack
blowers and construction equipment in the vivarium.

Vibration is motion that is not constant but assumes an
oscillatory or wave-like form. This motion is characterized as
cycles, in which the structure oscillates around an equilibrium
position, that is, the position of the object when no vibration is
applied. The extent of the oscillations or movement determines
the amplitude of the vibrations. The velocity of the movement is
the speed of the motion or rate of displacement of the structure.
Vibration amplitude often is measured as acceleration, the rate
of change in velocity as an object moves past its resting position.
Acceleration is measured with the use of an accelerometer and is
expressed in meters per second squared (m/s?). The repetition
rate at which the cycles occur is the frequency of the vibration.
Both the amplitude and frequency of vibration influence the
distance that vibration will be transmitted and the potential
resultant damage. !

The effects of vibration on animals and the level of vibrations
produced in the animal facility merit additional study. Vibration
plays a role in communication between animal species ranging
from insects to elephants.!! Vibration is important in predator-
prey interactions, mother and young relationships, mate choice,
and recruitment of food, suggesting that research animals may
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be more sensitive to vibrations than are humans. Although the
role played by vibration is unknown, reports have documented
changes in locomotor activity and circadian rhythm in mice
several days before an earthquake occurs.!® Simulation of a
severe earthquake and aftershocks caused an increase in the
rates of cleft palate and fetal resorption in mice.? Anecdotal
reports of the effects of vibration include a reduction in mouse
breeding efficiency in rodent breeding colonies, reductions in
food intake and weight gain, and behavioral modifications.?
In other animals, low-level whole-body vibration causes car-
diovascular effects in dogs and swine,” avoidance behavior in
poultry,! physiologic changes in rats,? and behavioral changes
and increases in stress-related hormones in swine.?®

As in animals, excessive vibration has deleterious effects in
humans, causing headache, insomnia, fatigue, gastric distur-
bance, and musculoskeletal problems. In addition, vibration
is thought to play a role in the motion sickness that people
encounter when traveling.#1%14 The harmful effects of vibra-
tion in humans has lead to the establishment of an exposure
limit (1.15 m/s?) and action level for an 8-h reference period
(0.5 m/s?).2

Similar to sound, the effects of vibration depend not only on
the amplitude but the frequency (in Hertz) at which it occurs.
The resonance frequency is the frequency of applied external
vibration that causes an object to vibrate more readily, and even
amplify the vibration, in comparison to other frequencies.”!?
Every object or part of the body has a resonance frequency (F,),
which is calculated by the formula

F =1/ @m)xV(k/m),

where k is the stiffness constant, and m is the mass.?'? Knowl-
edge of resonance frequencies is important because vibration
near these frequencies, compared with other frequencies, will
be perceived more strongly and ultimately will induce more ad-
verse effects.”* The human abdomen has a resonance frequency
of 4 to 8 Hz, the thorax of 5 to 10 Hz, and the head from 20 to
30 Hz." There is no information in the literature on resonance
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frequencies in mice; however, a study in rats determined that
resonance frequency was 27 to 29 Hz for the abdomen, 225 to
230 Hz for the thorax, and 75 to 80 Hz for the head.’® In the
current study, the resonance frequencies of rats were used to
calculate the analogous frequencies in mice because the spe-
cies are anatomically similar. The amount of vibration in the
resonance frequency range (RFR) is a measure of the potential
that the vibration will affect a human or animal physically and
that the human or animal will perceive the vibration in the most
sensitive frequency range.

Although the RFR is the range at which vibration has the most
potential for causing adverse physical effects on the body, the
frequency range at which vibration is perceived is wider.!01822
Vibration outside of the RFR but still within the sensitivity
frequency range (SFR), at which animals perceive vibration,
may cause psychologic distress. Although studies have shown
that the human perception threshold to vibration varies slightly
with age, position of the body, body region, and axis of vibra-
tion,'22 the median human vibration perception threshold is
approximately 0.01 m/s? for vertical vibration (the vibration
measured in the current study) between 0 and 63 Hz.?2 In hu-
mans, sensitivity to vibration decreases as the frequency of the
vibration increases. No well-defined studies are available that
demonstrate the perception thresholds of laboratory animals,
but some information regarding the magnitude and frequency
of whole-body vibration that causes pathologic or physiologic
effects is known. Piglets exposed to whole-body vibration of
2 to 18 Hz at as low as 1 m/s? had an immediate increase in
plasma ACTH and cortisol levels, demonstrating that the vibra-
tion was stressful.?® As a reference, 1 m/s? is near the human
exposure limit.?! Poultry exhibited avoidance behavior at 2 Hz
and 1 m/s%! Whole-body vibration in rats caused an increase in
plasma corticosterone and brain serotonin levels at 3.9 m/s? and
20 Hz and decreased gastric emptying time, decreased organ
weight, and increased adrenal weight at 20 to 24 m/s? and 5
to 15 Hz.2?%% In mice, extreme vertical whole-body vibration
in the 10- to 25-Hz frequency range at approximately 147 m/s?
caused mortality within 5 to 10 min.?® Low-level whole-body
vibration in mice at approximately 1 to 3 m/s? and as much as
90 Hz over time decreased adipogenesis, lowered liver triglyc-
eride levels,? and increased bone volume or bone formation
(or both).1339:40

Because of the need for floor repair in a vivarium, a study
was conducted to determine the level of vibration that may be
perceived by mice in other parts of the facility. One option for
floor repair had less potential to generate noise and vibration
but was less preferred from the perspective of optimal function
and aesthetics of the physical plant. Vibration generated from
implements of construction equipment were measured inside
a ventilated rack cage to determine the approximate levels of
vibration that would be physiologically important to the mice
in other parts of the facility. The resonance frequencies for mice
were calculated by using those for rats.®® Because resonance
frequencies for humans and rats are known, we determined the
levels of vibration due to ventilated rack blowers and construc-
tion equipment in these ranges for comparison with those in
mice. No information is available to determine the frequency
ranges at which rats or mice perceive low-level vibration. In our
study, we applied the human threshold of perception of 0.01
m/s? within a 63-Hz range, incorporating human resonance
frequencies,?? around the resonance frequencies of rats and
mice to derive their respective SFR.

Materials and Methods

Vibration measurements. All vibration measurements were
taken from inside a 75-in.2 polysulfone cage containing bedding
on a fully stocked 140-cage, positive-pressure, ventilated mouse
cage rack (model PNC75JU70SPSH-R, Allentown Caging, Al-
lentown, NJ) at 60 air changes hourly per cage (blowers mounted
to the rack). To minimize the exposure of rodents to vibration,
no mice were present either in the module (Figure 1) where
testing was conducted or in an adjacent module. Although no
animals were used in this study, the Institutional Animal Care
and Use Committee was made aware of the intent to perform
this work before it was initiated.

After an 8-mm circular hole was drilled into the front of a
ventilated cage, the accelerometer was placed inside of the
cage, and plumber’s putty was used to seal the hole around
the accelerometer’s cable to prevent leakage of air around the
cable. The end of the accelerometer where vibration is detected
was placed in the middle of the cage. Consistent with operation
of the rack in this vivarium, the cage contained our standard
amount (approximately 200 mL) of 1/4-in. corncob bedding.
The cage was placed in the middle on the bottom row of the
ventilated cage rack. Remaining equipment for the study was
located on a portable cart adjacent to the ventilated rack during
measurements.

Vibration measurements were made by using a Pulse Analysis
System (model 3560-C with 7536 and 3110 modules, Bruel and
Kjaer, Neerum, Denmark) and accelerometer (model 4508-B,
Bruel and Kjaer). Measurements of vibration were made in the
vertical direction on the inside base of a cage. The vibration
signals were recorded unfiltered at a rate of approximately 262
kHz. The sampling rate was 3.815 us. Fast Fourier transform
(FFT) analysis was performed by using baseband analysis at
a bandwidth of 3200 Hz at 800 lines, 66.67% overlap, with a
frequency resolution of 4Hz. Exponential averaging (50 aver-
ages) was used to obtain the autospectra. The levels in each
FFT line are the root mean square values. The total energy was
calculated by summing the energy in each of the FFT lines of
the spectrum.

Vibration was generated by construction equipment inside
an empty module, with another empty module separating an
occupied mouse housing area. Vibration was generated by a
large jackhammer (Bosch Brute11304, Bosch, Farmington Hills,
MI), small jackhammer (Bosch11316EVS), vacuum (Rigid 6.5-hp
2-in-1 [blower and vacuum], Emerson, St Louis, MO), grinder
and vacuum (Bosch 1873-6 15-A angle grinder), terrazzo grinder
(model 501S, Terrco, Watertown, SD), shot blaster (without
shot; model 1-10D blaster with model 5-54 dust collector, Ter-
rco, Watertown, SD), and the ventilated rack alone. Vibration
was generated by all of the construction equipment 3 ft from
the cage and measurements taken from within the corridor im-
mediately outside the animal rooms (Figure 1). In addition, the
large jackhammer was used to generate vibration immediately
outside the module and was measured in rooms A and B as well
as on the second and third floors directly above this site (Figure
1). Vibration generated by the ventilated racks was measured
at locations in rooms A and B as well as the corridor outside of
the animal rooms.

Physical plant construction. The outer walls of the module
are constructed of concrete masonry units coated with epoxy
paint, whereas the inner walls and ceiling are made of 0.5-in.
drywall with steel studs spaced every 16 in. No sound dampen-
ing equipment was used. Floors consist of epoxy coating over
a concrete slab, and the floor-to-ceiling height is approximately
8 ft. The distance from the site where noise was generated im-
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Figure 1. Physical plant configuration of vivarium module where vibration testing occurred. This module is 1 of 4 identical modules on the first
floor of the animal facility, which is located at one end of 4 contiguous modules. All modules on the first floor are at grade level. This facility has
4 floors, with the second floor having the same configuration as the first floor and the third floor having a smaller animal facility with laboratory

space. The fourth floor is entirely nonanimal laboratory space.

mediately outside of the module to rooms A and B (Figure 1) is
15 and 50 ft, respectively.

Data analysis. The natural resonance frequency ranges of the
mouse body regions were calculated by using the rat resonance
frequency (Fn) ranges”!? and was based on the formula

F =1/ @m)xV(k/m),

where k is the stiffness constant, and m is the mass. The
stiffness constant (k) for mouse tissue was determined by
the formula

m X (Fn x 2m)? =K

where Fn was the resonance frequency at the limits of the range
for the rat. The inherent stiffness of tissue in rats and mice was
assumed to be the same and would only vary by a factor of
mass, which was taken into account in the calculations. The
mass of a single mouse was designated as 25 g. The resonance
frequencies that were measured for mice were 88 to 92 Hz
for abdomen, 712 to 724 Hz for thorax, and 240 to 252 Hz for
head, with calculated resonance frequency ranges for mice of
85 to 92 Hz for abdomen, 711 to 727 H for thorax, and 237 to
253 Hz for head. These values were compared with calculated
and measured values, respectively, of 4 to 8 Hz (4 to 8 Hz) for
human abdomen and thorax, ' 20 to 30 Hz (20 to 28 Hz) for hu-
man head, 27 to 29 Hz (28 Hz) for rat abdomen, 225 to 230 Hz
(228 Hz) for rat thorax, and 75 to 80 Hz (76 Hz) for rat head.?
The values for humans were applicable to vertical vibration
in the standing position.

To normalize the data for comparison of the levels of vibra-
tion likely perceived by each species, the vibration within a
63-Hz range around each species” and body region’s resonance
frequency was measured. These ranges are designated as sensi-
tivity frequency ranges and were 0 to 63 Hz for the human body
regions and rat abdomen, 195 to 259 Hz for rat thorax, 45 to 109
Hz for the rat head, and 56 to 120, 687 to 751, and 213 to 277 Hz
for mouse abdomen, thorax, and head, respectively. For these
ranges, the actual frequencies measured, with 4-Hz resolution,

were 0 to 64 Hz for the human body regions and rat abdomen,
196 to 256 Hz for rat thorax, 48 to 108 for rat head, and 60 to 120
Hz, 688 to 748, and 216 to 276 Hz for mouse abdomen, thorax,
and head, respectively.

All data was analyzed by using Pulse LabShop software
(version 13.1, Bruel and Kjaer). Vibration that the ventilated
racks (1 = 3) produced over the ambient noise was analyzed for
significance by using a 2-tailed, paired ¢ test (Excel, Microsoft,
Redmond, WA). To minimize the damage to the floor from the
construction equipment, one measurement of vibration was
taken from each tool at each location described.

Results

Intracage vibration from the ventilated rack blower. The total
and rack-induced vibration within the RFR of a mouse inside of
the cage, human, and rat are represented in Figure 2 A. The total
vibration was significantly increased (P < 0.05) to 0.035 + 0.001
m/s? (mean + SEM) by the ventilated rack blower relative to am-
bient vibration at 0.024 +0.001 m/s2. Although blower-induced
vibration was not increased relative to ambient vibration in the
mouse abdominal RFR, mouse abdominal vibration from the
ventilated rack blower was increased (P <0.01) to 0.006 £ 0.0002
m/s? relative to the abdominal RFR of blower-induced vibration
of rat (0.0006 £ 0.0002 m/s?) and human (0.002 + 0.0001 m/s?).
The vibration caused by the ventilated rack blower in rat head
RFR (0.005 + 0.001 m/s2) was increased (P < 0.05) compared
with that (0.002 £ 0.001 m/s?) for ambient vibration. Similar
results were found for mouse head RFR (0.0034 * 0.0007 m/s?)
relative to ambient vibration (0.0030 = 0.0007 m/s?). In the
human RFR, vibration due to the blower was not statistically
different from ambient vibration in the respective ranges for
abdomen, thorax, and head.

Vibration caused by the ventilated rack blower in the SFR
of human, rat, and mouse are summarized in Figure 2 B. The
ventilated rack blower did not statistically increase abdominal
vibration in the SFR for the human, rat, or mouse. Both ambi-
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Figure 2. Total vibration and vibration levels in the (A) RFR and (B)
SFR produced from ambient sources and the ventilated rack blower
measured from inside the cage. (A) This panel represents the total vi-
bration from ambient sources (1 = 3) and that generated by the ven-
tilated rack blower (n = 3) from 0 to approximately 12.5 kHz and the
levels in the RFR. The total vibration was increased significantly (a,
P <0.05) by the ventilated rack blower relative to ambient vibration.
Mouse abdominal vibration from the ventilated rack blower was in-
creased (b, P £0.01) relative to the abdominal RFR of blower-induced
vibration of rats and humans. The vibration caused by the ventilated
rack blower in the rat and mouse head RFR was increased (a, P < 0.05)
relative to ambient vibration in both of these respective ranges. (B)
Both ambient and ventilated rack blower-induced thoracic vibration
in the SFR was greater (c, P < 0.05) for both humans and rats as com-
pared with mice. Vibration generated by the blower in the head SFR
was greater (c, P < 0.05) for rats than mice; the blower-induced vibra-
tion in the mouse head SFR was significantly greater (a, P < 0.05) than
was ambient vibration in this frequency range. The dashed line repre-
sents the human perception threshold of 0.01 m/s2.

ent and blower-induced thoracic vibration in the SFR was
greater (P < 0.05) for human (0.008 + 0.001 m/s? and 0.015 +
0.001 m/s?, respectively) and rat (0.009 + 0.001 m/s? and 0.011
+0.001 m/s?, respectively) as compared with mouse (0.0007 +
0.0001 m/s? and 0.0009 £ 0.0001 m/s?, respectively). Vibration
generated by the blower in the head SFR was greater (P <0.05)
for rat (0.019 + 0.002 m/s?) than mouse (0.008 + 0.0004 m/s?).
The blower-induced vibration in the mouse head SFR was
significantly greater (P < 0.05) at 0.008 £ 0.0004 m/s? than was
ambient vibration (0.007 +0.0004 m/s?) in this frequency range.
Although the blower-induced increase in mouse abdominal
vibration relative to ambient vibration approached statistical
significance (P < 0.07), no other blower-induced vibration was
statistically higher than its own ambient levels. However, the
blower raised vibration levels above 0.01 m/s?, indicating that
humans, rats, and mice may perceive this vibration.

Vibration levels generated 3 ft from the cage by construction
equipment. The relative vibration levels generated by each item
of equipment are graphically represented in Figure 3. Vibration
for the large and small jackhammers remained at relatively con-
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Figure 3. Intracage vibration levels from various types of construction
equipment as measured 3 ft from the equipment represented as a (A)
line graph and (B) bar graph.

stant levels over the full kHz range, whereas vibration from the
other implements tended to decrease as frequency increased.
Compared with that for the other equipment, vibration caused
by the shotblaster (used without shot) tended to be greater at
lower frequencies (less than 1.5 kHz; Figure 3 A), thus contrib-
uting to the overall high level of vibration for this implement
(Figure 3 B). Along with the shotblaster, the total vibration
from 0 Hz to approximately 12.5 kHz was greater in the large
jackhammer relative to that from the other implements.

Figure 4 A shows vibration inside of the cage and anatomic
location for each item of construction equipment when vibration
was generated 3 ft from the cage. To preserve the integrity of
the floor as much as possible, we obtained one measurement
from each item of construction equipment. The most potentially
damaging vibration generally appears to occur in the rat thorax
and mouse head. The vibration generated by the equipment
in the SFR of each species and anatomic location (Figure 4 B)
followed the same general pattern as did vibration in the RFR.
The human perception threshold of 0.01 m/s? was exceeded
by all of the equipment except the vacuum in the human SFR.
Subjectively, personnel conducting the study and standing near
the ventilated cage rack perceived the vibration from all of the
equipment except the vacuum.

Vibration levels inside of the cage at various distances from
the noise source. The large jackhammer generated vibration that
could be measured at various locations within the facility. Room
A was 15 ft away from the vibration source, whereas Room B
was 50 ft away (Figure 1). The large jackhammer was used on
the floor immediately adjacent to a support column to create the
most potential for upward movement of vibration, and vibration
was measured on the second and third floors directly above
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Figure 4. (A) RFR and (B) SER vibration levels for construction equip-
ment measured inside of the ventilated rack cage at 3 ft from the
equipment. Vibration from the equipment tended to be higher in both
the RFR (when values for each respective item of equipment were
compared) and SFR (levels above 0.01 m/s?) of mouse abdomen, rat
and mouse thorax, and rat and mouse head relative to those of hu-
mans. The dashed line represents the human perception threshold of
0.01 m/s2

this site. As the distance from the large jackhammer increased,
the level of vibration fell more quickly at higher frequencies
(Figure 5 A). Although vibration levels on the second and third
floors fell most rapidly, high levels of vibration persisted at
lower frequencies. Because of vibration at lower frequencies,
the total level of vibration generated by the large jackhammer
on the second and third floors (Figure 5 B) exceeded the total
vibration in room B.

Figure 6 A shows vibration levels in the RFR at various
distances from the large jackhammer with respect to values at
each anatomic location for human, rat, and mouse. Vibration
from the large jackhammer in the SFR (Figure 6 B) exceeded
0.01 m/s? in human and rats at all distances regardless of
anatomical location. For the mouse, vibration levels exceeded
0.01 m/s? for all distances in the abdomen and head, but only
at 15 ft from the vibration source for the mouse thorax. Study
personnel confirmed they could perceive vibration from the
large jackhammer at all locations.

Discussion
Evidence found in the literature overwhelmingly dem-
onstrates that vibration can have detrimental effects in both
humans and animals.*21232933 Tp ensure that vibration caused
by construction equipment during floor repair would not ad-
versely affect mice in other parts of the animal facility, we here

Vibration in animal facilities
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Figure 5. Intracage vibration levels from the large jackhammer as
measured at various locations from the jackhammer represented as a
(A) line graph and (B) bar graph.

assessed the level of vibration that would reach mice housed in
ventilated cages and whether the mice might perceive the vibra-
tion or suffer other adverse effects. For comparative information,
we measured the vibration levels from the ventilated racks used
in this facility to which these mice were exposed. Vibration
from ambient sources, ventilated racks (data not shown), and
construction equipment all conformed to the same pattern, in
which vibration was highest at lower frequencies and decreased
as frequency increased to approximately 12.5 kHz. The formula
for the resonance frequency (F ), where vibration is most likely
to cause physical damage to objects, animals or humans, is

F =1/@mn)xV(k/m)

where k is the stiffness constant, and m is the mass.>!? If the
tissue stiffness constant is assumed to be the same for humans,
rats, and mice, the resonance frequency increases as the mass
decreases, thus explaining why resonance frequencies increase
from human to rat and from rat to mouse. Although the level
of vibration for most equipment does decrease as frequency
increases, the vibration levels in the frequencies that most af-
fect rats and mice are still high and tend to be higher than for
humans.

The ventilated rack blower changed some of the relative vi-
bration levels in both the RFR and SFR of the various anatomic
locations in the species. In most cases, the ventilated rack blower
caused an average upward trend above the perception level
of humans in all 3 species, but what effect this increase would
have on animals is unclear. Adaption to any perceived vibration
likely occurs and may not be a factor in ventilated caging. Many
caging companies now manufacture ventilated racks that likely
cause less vibration than do the ventilated racks used in the
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Figure 6. (A) RFR and (B) SFR vibration levels for the large jackham-
mer measured from inside of the ventilated rack cage at various loca-
tions in the facility. RFR and SFR levels for both rats and mice tended
to be higher than those for humans at the various locations, especially
for rat thorax and head and mouse abdomen and head when com-
pared to the value for each location for the human and values exceed-
ing 0.01 m/s?, respectively.

current study, and blowers that are not attached to ventilated
racks may cause less cage vibration.

The total vibration levels inside of the cage approached
the human exposure limit of 1.15m/s? for the large jackhammer
and shot blaster located at 3 ft from the cage. Levels exceeded
1.0 m/s? and, as a reference, vibration above 0.8 m/s? is per-
ceived as uncomfortable for humans.® Vibration levels at all
locations and distances from the vibration source showed the
same general trends in both the RFR and SRF for the construc-
tion equipment. The trend for all of the construction equipment
at 3 ft from the cage and for the large jackhammer measured at
various facility locations was an increase in vibration in mouse
abdomen, rat thorax, mouse thorax, rat head, and mouse head
compared with human levels. Because high-frequency vibration
is attenuated more readily than lower frequency vibration,®
high-frequency vibration became less of a component of the
total level of large jackhammer-induced vibration as the dis-
tance from the jackhammer increased. However, at more distant
locations, the amplitude of this high-frequency vibration still
tended to remain within the RFR and SFR of mice and rats.
These results indicate that depending on the distance from the

source, construction equipment may expose rats and mice to
more vibration than would be experienced by humans.

In people, the RFR and SFR can vary slightly with body
position and the axis of vibration.!>?? In the current study,
we measured our reference frequencies according to those
applicable to vertical vibration. Because the normal posture
and anatomy of humans differ from those of mice, the mouse
resonance frequencies used in the current study were derived
from published resonance frequencies for rats. 3 In that study,
% resonance frequencies in rats were estimated to be 4 to 5
times higher than in humans. Our work indicates that the
resonance frequencies of mice would need to range from 100 to
more than 3000 times higher in mice than humans for there to
be similar vibration within resonance frequencies for humans
and mice when large jackhammer vibration was measured at
the various locations (data not shown). Considering that reso-
nance frequencies in rats were only 4 to 5 times higher than
those in humans, this difference between humans and mice
is extremely unlikely. The study in rats®® was conducted with
the rats on their backs, but studies in humans have shown that
resonance frequencies for supine subjects are similar to the
ranges for those who stand.!”*>% Because resonance frequency
ranges are similar for standing and supine humans, !? resonance
frequencies are also likely to be comparable for standing and
supine mice and rats.

In the current study, vibration from the large jackhammer at
various locations was an average of 3.4 times higher at 60 Hz
than 20 Hz. In a standing position, human legs have a resonance
frequency of about 20 Hz,!° and the mouse leg has a resonance fre-
quency of approximately 60 Hz.? Therefore, vibration again likely
would affect mice more than humans. Mouse and human legs
may absorb some vibration, because the resonance frequencies for
legs are different than those for other body regions. However, the
impact of vibration dampening by the legs is complex. Secondary
resonances in the legs (a broad spectrum of frequencies produced
by the legs when vibrated at the legs’ resonance frequency) may
coincide with other body resonances. This overlap would cause
the legs to amplify, rather than absorb, vibration.

The results of this work demonstrate that vibration produced
by the same source may have different effects on the abdomen,
thorax, and head of various species. The effects of whole-body
vibration on these anatomic areas of humans include gastroin-
testinal alterations, headache, and increased respiratory rate due
to oscillation of oxygen in the lungs.*191430 Due to the interspe-
cies differences in the susceptibility of body regions to vibration
depending on their particular critical frequency values, the
physiologic and pathologic effects of vibration from the same
vibration source are likely to differ between species.

Vibration and noise have long been known to have potentially
detrimental effects in rodents, but the relative contribution of
each to these adverse effects is unknown. We measured sound
at the same time as vibration was measured in the current
study. The results of the sound analysis due to the construction
equipment indicated that mice actually hear less construction
noise than do humans.? Therefore, the study in our facility
suggests that vibration due to construction equipment would
be of greater concern than would the associated noise. Further
work needs to be done to determine the resonance frequencies
of mice directly and to correlate levels of vibration with physi-
ologic and pathologic effects.
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