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The Biomedical Ultrasound/Bioresponse to Vibra-
tion Technical Committee was formed in 1984 as 
the Bioresponse to Vibration Technical Com-

mittee.  The early scope of the Technical Committee 
addressed the effects of vibration on the body and touch 
as communication sense and the effects of infrasound 
and ultrasound.  The name change, adopted in 1996, 
refl ected the enormous growth in the use of ultrasound 
in biomedical applications both for therapeutic uses 
(temporary or permanent alteration of tissue) and 
for diagnostic imaging inside the body.  Currently the 
primary focus of the technical committee is biomedi-
cal ultrasound, however, as Jan Weisenberger notes in 
her chapter it is possible that the fi eld of Bioresponse to 
Vibration will “again call the ASA its scientifi c home.”

The BU/BV TC has seen strong growth in the last 
decade.  Attendance at the TC meeting (normally held 
on Thursday evenings) is between 30 and 40.  Over the 
past few years BU/BV has typically sponsored or cospon-
sored four special sessions at each meeting.  The BU/BV 
is multi-disciplinary committee and has co-sponsored 
special sessions numerous other TCs including: Physical 
Acoustics, Signal Processing, Engineering Acoustics, the 
Committee on Standards, and Music.  An event that the 
BU/BV TC has implemented, initiated by the immedi-
ate past Chair E. Carr Everbach, is the Topical Meeting 
that is held annually at the Fall ASA Meeting.  Topical 
Meetings are one-day events that focus on a particular 
topic by bringing numerous experts together (many 
from outside the Society) to present the state-of-the-art 
through a series of lectures and panel discussions.  These 
Topical Meetings have provided a wonderful forum for 
frank debate on the important issues and problems in 
biomedical ultrasound.

Looking forward, the growth potential of ultra-
sound in the biomedical fi eld appears to be enormous.  
There are opportunities and challenges in both imaging 
and therapy, which are touched on below. Perhaps the 
most exciting avenue is the combination of ultrasound 
imaging and ultrasound therapy as an integrated tool for 
diagnosis and treatment.  But as scientifi c and tech-
nological barriers are overcome, as yet undiscovered 
applications will avail themselves.  

In the imaging fi eld, there has been a steady 
improvement in the quality of diagnostic ultrasound 
imaging and in the last two years there have been 
two groundbreaking commercial developments: 1/ 
the advent of real-time 3D imaging capability and 2/ 
hand-held ultrasound scanners.  Both of these devel-
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 opments will spawn exciting new opportunitites such 
as ultrasound-guided surgery (surgeons can carry 
out procedures without requiring optical access), and 
remote-telemedicine (portable ultrasound scanners can 
go anywhere even into space).  One challenge facing 
the ultrasound imaging community is that diagnostic 
ultrasound is not yet able to fully characterize the state 
of the tissue that it images.  For example, ultrasound can 
detect cysts in many organs but it cannot discriminate 
between a benign tumour and a malignant tumour.  A 
second example is intravascular ultrasound, which can 
be used to determine plaque burden in arteries but 
cannot yet differentiate stable from vulnerable plaque.  
Although measurements on isolated tissue samples show 
that acoustic properties (e.g., attenutation and backscat-
ter) do correlate with pathology, implementing algo-
rithms to obtain this information on an clinical scanner 
is challenging.  A second challenge is removing artifacts 
associated with aberration due to inhomogeneities in 
the tissue.  Despite much research, in many cases clinical 
images are still fraught with aberration problems and 
associated artifacts.

The therapeutic use of ultrasound has blossomed in 
the last 20 years.  The earliest work in biomedical ultra-
sound was the development of early therapeutic devices 
in 1930s, however, daunting technical challenges side-
lined this effort.   Technology is now catching up and the 
promise of using ultrasound as a noninvasive surgical 
tool has fi nally come to fruition; this is perhaps the most 
exciting area in biomedical ultrasound today.  Already, 
shock wave lithotripsy is the predominant surgical op-
tion for the treatment of kidney stones.   Shock waves 
also appear to be effective at helping heal broken bones 
and even reducing pain in joints.   Currently, the most 
exciting developments involve the use of high intensity 
focused ultrasound (HIFU) to effect focused ultrasound 
surgery (FUS)– a process where focused ultrasound is 
used to selective heat or ablate tissue so that cells can 
be destroyed in a localized region while the nearby cells 
remain viable.   A number of clinical devices, either FDA 
approved or in the fi nal stages of development, exist for: 
treating glaucoma, fi ghting cancer (in many organs), 
and controlling internal bleeding.  New applications are 
constantly being presented at ASA meetings.  Advanced 
therapies such as puncturing holes in the heart, promot-
ing localized drug delivery, and even carrying out brain 
surgery through an intact skull appear to be feasible and 
safe with ultrasound.

Within the next decade it is inevitable that ultra-
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sound will be packaged as a complete solution to a host 
of medical conditions.  Diagnostic ultrasound will be 
used to image the body and diagnose problems, thera-
peutic ultrasound will then be used to treat the problem, 
with the treatment monitored and controlled using 
ultrasound imaging, and then diagnostic ultrasound 
will be used to ensure that the treatment was successful.  
This will all been done non-invasively and with little or 
no pain to the patient. 

The Acoustical Society of America maintains a 
strong presence in the fi eld of biomedical ultrasound 
despite formidable competition from other societies.   

Janet M. Weisenberger
Ohio State University

The broad defi nition of “acoustics”

A dictionary defi nition of the portion of the en-
ergy spectrum defi ned as “acoustic” stimulation 
includes a range of frequencies audible to the 

human ear, commonly stipulated to be from 20-20,000 
Hz.  However, the breadth of technical areas addressed 
within the Acoustical Society has included work in 
frequency regions at the lower bounds of this audible 
range, in regions called “vibration.”  Similarly, work with 
stimulation in frequency regions well above the audible 
range (in fact, in the MHz range), commonly referred 
to as “ultrasound,” has also become a focus of interest 
within the ASA.  The human response to stimulation 
in these upper and lower regions became the purview 
of the Technical Committee on Bioresponse to Vibra-
tion/Biomedical Ultrasound, which was initially formed 
in 1984.  The goal of this chapter is to provide historical 
context for scientifi c contributions made by research-
ers studying the human response to the lower region, 
vibration.  It is not possible in limited space to provide 
a truly comprehensive history; rather, this chapter at-
tempts to highlight major developments and focuses 
on areas in which considerable activity occurred in the 
Acoustical Society.  The fi rst part of this story takes place 
largely outside the Acoustical Society of America, but is 
provided as part of the historical context.

History of Bioresponse to Vibration in the 
Acoustical Society of America

Robin O. Cleveland
Chair. Technical Committee on Biomedical Ultrasound/

Bioresponse to Vibration

Note: a Seprate lecture on “History of Biomedical Ultrasound in ASA” by Donald W. Baker preceeds this history lecture.

The Journal has recently appointed a new Associate 
Editor in the fi eld of ultrasound imaging in response 
to the increase in submissions in that area.  The BU/BV 
Technical Committee is active and ensures the ASA 
has a high profi le in this fi eld.   The TC has enormous 
potential for further grow as the fi eld of biomedical 
ultrasound continues its expansion.   The TC consists 
of an energised and enthusiastic group of people with 
a variety of backgrounds who can facilitate this growth.  
The Biomedical Ultrasound/Bioresponse to Vibration 
Technical Committee will serve the Society well in this 
evolving area that directly impacts greater society.

Because of the wide range of stimuli to which recep-
tors in the skin responds, including pressure, warmth, 
cold, and noxious stimulation, there has been consider-
able debate over the centuries on whether the sense of 
touch was a single sense, as fi rst espoused by Aristotle, or 
instead comprised multiple senses.  Weber (1826) noted 
that stimulation of the human skin surface could lead 
to sensations of location, pressure (or weight), and tem-
perature, suggesting that receptors in the epidermis or 
dermis conveyed the neural impulses for such sensations 
(Boring, 1942).  Although initial investigations searching 
for specifi c receptors to subserve these sensations were 
not successful, nonetheless von Frey in 1896, extending 
Müller’s doctrine of specifi c nerve energies, argued for 
the notion of receptor specifi city in tactile sensation.  
Twentieth-century researchers have provided support 
for this notion; indeed, it is now believed that there are 
multiple specialized receptors just for sensations of pres-
sure and vibration, as described below.

The skin is the largest receptor surface in the body, 
occupying some 1.8 m2  (Sherrick and Cholewiak, 
1986).  There have been thorough studies of the re-
sponse to skin indentation, documenting both detection 
threshold and spatial difference threshold across loca-
tions on the body surface (e.g., Weinstein, 1968; Stevens 
and Choo, 1996), indicating greater sensitivity on the 
hands and face than on the torso.  However, a study by 
Nafe and Wagoner (1941) illustrates why vibration is an 
exemplary stimulus for the tactile sense.  In their study 
of adaptation to pressure stimulation, Nafe and Wagoner 
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found that a sensation of pressure is reported upon ini-
tial indentation of the skin surface, but that as the skin is 
further compressed, a point is reached where the skin is 
fully compressed and the pressure sensation disappears.  
Nafe and Wagoner referred to this loss of sensation as 
“stimulus failure,” and argued that pressure sensations 
persist only for the time that the stimulus is actually 
moving into the skin surface, such that the response is 
based on the detection of movement velocity.  When the 
velocity drops below some threshold value, the sensation 
of pressure disappears.

To obtain a more constant sensation of pressure at 
a particular skin location, what is needed is a stimulus 
that indents and withdraws repeatedly, such that there is 
always movement of the skin surface—in other words, 
vibration.  Thus, vibration is a highly appropriate stimu-
lus for the tactile system, and some skin receptors seem 
to be specialized for its detection.  These are reviewed 
briefl y below to provide a foundation for the studies 
described later in the chapter.

Brief overview of mechanoreceptor 
physiology

Several different pressure-sensitive receptors in the 
epidermis and dermis, referred to as mechanorecep-
tors, have been identifi ed.  These include the Pacinian 
corpuscle, a large encapsulated receptor located in the 
dermis, which responds to vibration across a range of 
frequencies up to about 1000 Hz; the Meissner corpus-
cle, a more loosely encapsulated structure at the junc-
tion of dermis and epidermis, which is not differentially 
sensitive to vibration, but which has greater sensitivity 
than the Pacinian corpuscle to frequencies below 40 Hz; 
and the Merkel disk, also near the division between epi-
dermis and dermis, which appears to have great spatial 
sensitivity but which also responds to vibratory inputs 
(for a review of receptor physiology, see Sherrick and 
Cholewiak, 1986).

Early work in the psychophysics of 
vibratory sensitivity

One early behavioral study of vibratory sensitiv-
ity was that of Knudsen (1928), who mapped detection 
thresholds as a function of vibratory frequency, report-
ing a U-shaped function with best thresholds in the 
region of about 250 Hz.  This function was replicated 
by other researchers, as reported by Geldard (1941), and 
was later shown to mirror the sensitivity curve of the Pa-
cinian corpuscle, as measured by a number of research-
ers in the early 1960s (see, e.g., Sato, 1961).  The fi rst 
comparison of vibrotactile thresholds with the response 
curve of the Pacinian corpuscle was published by Ver-
rillo (1966).  Other important early work was reported 
by Wilska (1954), who showed that vibration sensitivity 

was different across body sites, with the fi nger and facial 
regions showing greatest sensitivity.

Vibrotactile psychophysics in the ASA
Perhaps because of the overlap in the range of 

frequencies for vibratory response with that for audi-
tory response, a number of auditory researchers became 
interested in measuring sensitivity to vibration.  Among 
these was von Bekesy, who published work in vibrotac-
tile psychophysics as early as 1939.  In the late 1950s, 
he used pressure sensitivity on the forearm to model 
the phenomenon of traveling waves in the cochlea 
[J.  Acoust. Soc. Am., 1955],  and became interested in 
vibrotactile sensitivity of itself as an additional sensory 
modality that appeared to display his notion of “neu-
ral funneling.” [J. Acoust. Soc. Am. 1958, 1959].  These 
papers were among the fi rst in JASA to focus on vibratory 
sensitivity per se.  

Other work soon followed, including that of Verrillo 
and his colleagues at the Institute for Sensory Research 
at Syracuse University.  Verrillo’s contributions to the 
psychophysics of vibrotaction cannot be overempha-
sized.  His fi rst JASA paper on the subject appeared 
in 1962.  In the early 1960s, Verrillo and colleagues 
investigated a number of the variables that infl uenced 
measurement of the threshold for detection of vibration 
on the skin, including the size of the contactor, pres-
ence or absence of a surround, contact force, etc.  These 
studies established that the tactile system shows spatial 
and temporal summation of stimulation in defi ned fre-
quency regions.  Threshold was found to be a U-shaped 
function, as noted above, but the threshold function 
shifted downward as the size of the contactor increased.  
This fi nding held true only for stimulation frequen-
cies above about 40 Hz, however.  At lower frequencies, 
increasing contactor size had no effect on threshold 
sensitivity.  Anomalies such as this led Verrillo in 1968 
to propose the “duplex mechanoreceptor hypothesis,” in 
which he posited that there were two distinct classes of 
mechanoreceptors that governed detection of vibration.  
One class, which did not show spatial summation and 
was not differentially sensitive to stimulus frequency, 
governed detection for frequencies below 40 Hz; the 
other, which did demonstrate spatial summation, was 
responsible for detection for frequencies above 40 Hz.  
At that time, Verrillo asserted that the high-frequency, 
spatially summating mechanoreceptor was almost cer-
tainly the Pacinian corpuscle, but was less defi nite about 
the identity of the low-frequency system.

Work on the hypothesis continued, with a paper 
suggesting that there were actually three systems pub-
lished in the 1970s, and culminated in the publication 
in JASA by Bolanowski et al. in 1988 of a now-classic 
paper that provided evidence for four different classes of 
mechanoreceptors.  Bolanowski et al. brought together 
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fi ndings from mechanoreceptor physiology (response 
profi le), temperature sensitivity, and behavioral studies 
to conclude that the U-shaped portion of the threshold 
curve was indeed attributable to the Pacinian corpuscle; 
he referred to the other three systems as NP (Non-Pa-
cinian) I, II, and III.  These mechanoreceptors are most 
likely the Meissner corpuscle, a small receptive fi eld 
structure that responds in the range of 10 Hz and above, 
the Merkel disk, which responds best to lower frequen-
cies (below 10 Hz), and a third, as-yet inconclusively 
identifi ed receptor, possibly the Ruffi ni end organ, 
which responds to high frequencies but does not show 
the same degree of threshold sensitivity as the Pacinian 
corpuscle.  The general notion of the model is that at 
threshold, the channel that is most sensitive will govern 
performance, but at suprathreshold levels, perception 
is jointly determine by the activity of all of the mecha-
noreceptors that respond to that frequency.  Although 
considerable work has followed this initial paper in both 
psychophysics and physiology, the basic fi ndings remain 
the best theory of mechanoreceptive function.

Many studies of vibrotactile perception have 
looked at standard sensory measures, such as frequency 
discrimination.  Vibratory frequency is not well differ-
entiated across much of the frequency range, as noted 
by Goff (1967). Although earlier work, going back to the 
early 1900s, suggested otherwise, these earlier studies 
did not control for the perceived intensity of sensation.  
Rothenberg et al. (1977) reported in JASA that frequency 
discrimination was also not uniform across body sites.

Regarding the perceived intensity, or loudness, of 
vibration, studies have indicated that there is consider-
able variation across frequency.  Like the “equal loudness 
contours” reported for auditory stimuli, similar func-
tions have been generated for vibrotactile stimuli by Ver-
rillo et al. (1969).  These follow closely the shape of the 
threshold function at low intensity levels, but are fl atter 
across frequency at high levels, similar to comparable 
auditory curves.  In the tactile case, it has been postu-
lated that the fl attening of the curves at high levels may 
refl ect the contribution of additional mechanoreceptive 
channels to the overall percept.

Other issues of interest have included the response 
of the tactile system to masking stimulation, both 
simultaneous (Sherrick, 1964) and non-simultaneous 
(a series of papers by Gescheider et al., e.g., JASA, 1983, 
1985, 1994).  In Gescheider’s work, temporal masking 
functions have been generated that follow the general 
form of those for audition (for detection, more forward 
than backward masking at the same temporal separa-
tion).  Still other questions addressed in papers pub-
lished in JASA have included the nature and time course 
of vibratory adaptation (Goble and Hollins, 1993, 1994); 
vibratory localization (Sherrick et al., 1990); and the 
response of the system to amplitude-modulated stimula-

tion (Weisenberger, 1986). 
Over this same period, several other lines of in-

vestigation that employed vibrotactile stimulation also 
appeared in JASA.  Most of this work was of a more 
applied nature.  Three specifi c areas that generated con-
siderable activity in the Acoustical Society are described 
below.

Applications of vibratory stimulation
1.  Assessment of damage from hand-arm vibration
An excellent tutorial paper was published in JASA 

in 1988 by William Taylor, entitled “Biological effects 
of the hand-arm vibration syndrome.”  In this article, 
Taylor describes the phenomenon originally known as 
“vibration white fi nger,” or “Raynaud’s phenomenon 
of occupational origin,” but now referred to as “hand-
arm vibration syndrome.”  According to Taylor, this 
syndrome was fi rst described in workers in limestone 
quarries in Bedford, Indiana in the 1890s.  These quarry 
workers used air hammers for many hours every day 
for stone cutting.  Their symptoms were described as 
shrunken, whitened fi ngers, which were nonresponsive 
to cold, accompanied by numbness and clumsiness in 
movement.  Between attacks, according to the early re-
ports, the fi ngers were normal in appearance (Hamilton, 
1918).

As industrial use of power tools expanded, the 
number of reported cases of hand-arm vibration syn-
drome continued to increase.  By the 1960s, cases were 
reported in epidemiological surveys in North America, 
Japan, Europe, Korea, and Canada.  Particularly sus-
ceptible occupations included riveters, grinders, and 
pneumatic drill operators, as well as chainsaw operators 
in the timber industry.

Clinical symptoms reported by patients in the 
early stages of hand-arm vibration syndrome include 
numbness and tingling of one or more fi ngers.  In more 
advanced cases, periodic blanching of the fi ngers occurs 
with exposure to cold, and the damage extends from the 
fi ngertips down to the roots of the fi ngers.  Continued 
vibration exposure leads to involvement of all of the 
fi ngers.  Following an attack, the fi ngers often return to 
a brighter than normal red coloration, accompanied by 
pain.  Eventually, these attacks can occur in both cold 
and warm temperatures.  Other subjectively-reported 
symptoms include weakness in the affected hand, loss 
of manual dexterity, and in the most advanced cases, to 
tissue necrosis and gangrene.

In some respects these symptoms are not different 
from primary Raynaud’s disease, which produces sym-
metric fi nger blanching and numbness in cold condi-
tions.  This phenomenon occurs primarily in women 
and is not associated with exposure to excessive levels 
of vibration.  The emergence of symptoms after ex-
tended exposure to high vibration levels is an example 
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of secondary Raynaud’s phenomenon, as are symptoms 
arising from a variety of medical causes, including 
scleroderma, arteriosclerosis, other connective tissue 
diseases, and peripheral neuropathy from diseases such 
as diabetes.

The exact physiological causes of the phenomenon 
are not known, but it is assumed that peripheral vaso-
constriction is a primary determinant of some of the 
symptoms, and likely related to neuropathy in mechano-
receptive pathways.  This neuropathy, and attendant loss 
of acuity in mechanoreceptive sensitivity, has been the 
focus of some activity in the ASA.  Work by Brammer 
and Piercy and colleagues reported at the ASA inves-
tigated the epidemiology of mechanoreceptive loss in 
HAVS (e.g., Brammer & Verrillo, 1988).  Their fi ndings 
indicated elevations in vibrotactile thresholds that are 
temporary in the beginning stages of the syndrome, but 
eventually become permanent.  Measurements sug-
gest losses both in the Pacinian channel, as evidenced 
by elevated high-frequency vibratory thresholds, and 
in slowly-adapting channels, as evidenced by loss of 
spatial acuity in the two-point aesthiometry test.  Some 
evidence of reduced neural conduction velocity has also 
been reported.  Further, tests of manual dexterity, such 
as the Purdue Pegboard Test, and of grip force are also 
part of the standard test battery and often indicate loss 
of sensorimotor fi ne control.

In addition, interactions between basic science and 
more applied vibrotaction researchers in the ASA led to 
the development of practical and in some cases portable 
methods for measuring receptor-specifi c vibrotactile 
perception thresholds, the tactile equivalent of audiom-
etry.  These methods have recently been codifi ed into an 
ISO standard (ISO 13091-1).

In the 1980s and 1990s, clinical concerns of an “epi-
demic” of HAVS among manual workers in the manu-
facturing and forestry industries in Europe and North 
America drove the focus of activities in this fi eld into 
occupational health journals.  However, efforts within 
the Acoustical Society to link this clinical focus with 
more basic work in vibrotaction led to some signifi cant 
advances.  Perhaps most notable was the development 
of a model for predicting the onset of vibration-induced 
white fi nger in persons occupationally exposed to vibra-
tion (Brammer, 1986), initially presented in ASA special 
sessions.  The model has served as the basis for vibration 
exposure guidelines in national and international stan-
dards, and led to enaction of exposure limits in several 
countries and the European Union.

Recent attempts to monitor HAVS proactively have 
met with some success.  In a manner similar to that used 
for monitoring noise-exposure hearing loss, workers 
are now tested periodically to provide early warning of 
possible HAVS symptoms.  In addition, the development 
of better protective wear and restrictions on duration of 

use of vibrating tools in the workplace should reduce the 
incidence of HAVS in the future. 

2.  Whole body vibration
Another area of focus by researchers in the ASA 

has been the effects of whole-body vibration.  Perhaps 
the name in the Acoustical Society most often associ-
ated with whole-body vibration is that of Henning von 
Gierke, whose more than 50 years of activity in this 
area encompassed both original research and standards 
development.  The negative effects of whole-body vibra-
tion are dependent on the species and the magnitude 
and duration of the exposure, and can range from mild 
discomfort to death.  Vibrations in the range of .5-80Hz 
seem to have the greatest impact, with resonances in 
the 2.5-5Hz range affecting neck and lumbar regions, 
4-6 Hz affecting the trunk, and 20-30Hz the head and 
shoulders.  Internal injuries are typically the immediate 
cause of death in such intense exposures (Griffi n, 1990), 
and include heart and lung damage and gastrointestinal 
bleeding.  The damage patterns suggest a resonance mo-
tion of organs in the range of 3-8 Hz.  For less intense 
exposures, particularly of a chronic nature, back pain 
from prolapsed or herniated disks is often reported; 
such complaints can come from crane operators, tractor 
drivers, and truckers.  When a smaller contact area is 
involved, often the damage is related to the elastic and 
tensile limits of tissue (von Gierke & Brammer, 2002).

Brammer and Peterson’s (2003) chapter nicely sum-
marizes the state of knowledge in this area.  They divide 
the harmful effects of whole-body exposure by the direc-
tion of impact.  Vertical impacts (e.g., through the seat 
of a vehicle) produce an upward acceleration, followed 
by a downward acceleration when the mass of the torso 
returns to the seat.  Horizontal shocks are more often 
encountered in vehicle crashes, in which rapid decel-
eration can lead to injuries to head, neck, torso, and 
abdomen.  

Measurements of whole-body vibration can be 
made using laser vibrometers to gauge tissue vibration 
in conjunction with accelerometers mounted to the 
interface that contacts the human (e.g., the seat of the 
vehicle).  These measurements are typically made in the 
context of a biodynamic coordinate system.  The results 
of tissue measurements have led to the development 
of models of human tissue as a passive, linear me-
chanical system, and include measurements of density, 
viscosity, sound transmission velocity, impedance, and 
tensile, compressive, and shear strength (see von Gierke 
and Brammer, 2002).  These relatively simple lumped 
biodynamic models provide a good approximation for 
the purposes of predicting damage from shock and 
vibration.  More recently, fi nite element modeling has 
been employed to provide a more detailed and realistic 
description of individual body parts.  These models are 
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also used in the development of anthropomorphic mod-
els for simulations of harmful impacts (e.g., crash test 
dummies).  Such manikins are actually better simulation 
devices than are cadavers, which lack the appropriate 
tissue and muscle tension properties.

Work in the area of whole-body vibration has led 
to the development of estimated health effect and injury 
criteria that can be used to determine the potential 
harmful effects of exposure in particular occupations, 
and thus dictate the use of appropriate countermeasures 
in the work environment. Such countermeasures include 
vibration isolation by means of low-pass mechanical 
fi lters in suspension systems, tool redesign, and ac-
tive control vibration reduction systems (Brammer & 
Peterson, 2003).  In addition, these criteria are used in 
the design and implementation of restraint and protec-
tion systems, such as seat belts, airbags, and helmets.  A 
concerted effort within the ASA standards community, 
led by Henning von Gierke, focused on the codifying 
the measurement and assessment of human exposure 
to whole body, hand, and arm vibration.  The results of 
this effort are a family of ANSI standards, now serving as 
the basis for implementing the European Union Health 
Directive on exposure to vibration. 

   
3.  Tactile aids for speech perception by hearing-

impaired persons
A fi nal area that has been addressed by ASA re-

searchers is the use of tactile aids for speech perception.  
The idea that the tactile system had suffi cient informa-
tion-processing capacity to serve as a substitute sensory 
system for an impaired auditory system, particularly for 
the reception of speech input, has a rather long his-
tory.  Methods for the tactile reception of speech, such 
as Tadoma, indicate that cues transmitted to the fi ngers 
of a receiver are suffi cient for the transmission of speech 
(Alcorn, 1932).  Tadoma was developed for use by 
deaf-blind individuals to take advantage of articulatory 
cues in the talker’s speech. In the Tadoma method, the 
receiver places the fi ngers and thumb of one hand on the 
face of the talker, such that the little fi nger, on the throat, 
detects laryngeal vibration, the ring and middle fi ngers 
detect jaw and cheek muscle movement and tension, 
the index fi nger detects nasal resonance, and the thumb 
detects lip movement and airfl ow changes.  Trained us-
ers of Tadoma are able to receive speech at rates that are 
only slightly lower than normal speech rates, about 70 
words per minute (wpm).  This fi nding has been cited as 
an “existence proof” that the sense of touch has suffi -
cient capacity to process the complex cues in the speech 
signal.  Empirical evaluations of the Tadoma method 
were conducted by Reed and her coworkers at the Mas-
sachusetts Institute of Technology [e.g., Reed et al., JASA 
1985].

However, the Tadoma method requires considerable 

training, measured in years, for profi cient use, and also 
requires direct contact between the talker and receiver, 
which might be awkward or impossible in many situ-
ations.  For this reason, researchers became interested 
in the development and evaluation of vibrotactile and 
electrotactile devices that convert input acoustic speech 
waveforms into patterns of tactile stimulation.  The 
fi rst record of such a device was that designed by Gault 
(1924).  Gault’s original notion was that the skin could 
pick up vibrations just as the ear could, but required 
greater intensity of stimulation.  Thus, his fi rst device 
was based on simply amplifying speech presented via 
a bone vibrator to the hand of the receiver.  When this 
device did not prove successful, Gault went on to design 
a device that stimulated the fi ngers of one hand.  He 
reported some success in training with this latter device.  
Similarly, Lindner (1937) described the “teletactor,” a 
device that provided electrotactile stimulation to two 
fi ngers, one channel delivering stimulation to code 
speech inputs below 1500 Hz, and the other devoted to 
speech inputs above 1500 Hz.

The development of the vocoder at Bell Laborato-
ries in the late 1930s stimulated further efforts in design-
ing tactile speech aids (Dudley, 1939).  A tactile vocoder 
was described by Wiener and Weisner in 1951, but wide-
spread interest in tactile aids was not rekindled until the 
early 1970s, when Jacob Kirman published a review of 
these devices (Kirman, 1973).  A number of researchers 
in the 1970s attempted to train tactile speech perception 
with new devices, some based on the vocoder concept 
(e.g., Engelman and Rosov, 1975).  Sparks et al. (JASA 
1979), reinvestigated the idea of using electrotactile ar-
rays.  However, the greatest success with vocoder-style 
devices was that reported for the Queen’s University tac-
tile vocoder by Brooks and colleagues (e.g., JASA 1986).  
This device, which delivers vibrotactile stimulation to 
16 magnetic solenoids in a linear array on the forearm, 
has been shown to provide effective cues for consonant 
manner and voicing, and for vowel formants.  Users 
of this device successfully acquired large tactile-only 
vocabularies of single words.  In addition, this device 
produced considerable benefi ts when used in conjunc-
tion with speechreading in connected speech tasks, such 
as connected discourse tracking (e.g., Weisenberger et 
al., JASA 1989).

Encouraging results with such laboratory based 
devices supported the development of wearable tactile 
aids.  Beginning with relatively simple, single-actuator 
devices that could be worn with a suspender-like harness 
on the sternum, wearable tactile aids have also been 
shown to provide benefi t to hearing-impaired wear-
ers.  Proctor and Goldstein (1983; see also Geers, 1986) 
reported results for one profoundly hearing-impaired 
child, whose vocabulary development showed rapid ac-
celeration after she was fi tted with the Tactaid, a device 
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that transmitted amplitude envelope information via a 
fi xed-frequency vibration delivered to a bone-conduc-
tion vibrator.  More sophisticated wearable devices have 
employed multiple channels of stimulation, and include 
the Tactaid VII, and the Tickle Talker, an electrotactile 
device worn as rings on the fi ngers of one hand (Blamey 
& Clark, JASA 1985; Cowan et al., JASA 1990).

These wearable devices have shown considerable 
promise, particularly for users who might not be ap-
propriate candidates for cochlear implantation, such 
as patients whose auditory nerve fi ber survival in the 
cochlea is compromised, or patients with retrocochlear 
losses.  Improvements in transducer design and in signal 
extraction algorithms for speech encoding should lead 
to further progress in the development of the next gen-
eration of tactile aids.  

   

Future considerations
The Technical Committee on Bioresponse to Vibra-

tion in the Acoustical Society, was fi rst formed in 1984.  
As the fi rst new technical committee added in more than 

20 years after the original formation of technical com-
mittees in the Society, it paved the way for the addition 
of technical committees for other new areas of research 
focus, including Acoustical Oceanography, Animal 
Bioacoustics, and Signal Processing in Acoustics.  Shortly 
after its inception, the group welcomed researchers in 
the area of biomedical ultrasound, who also sought a 
more representative technical committee.  The nature 
of research and the associations and societies that house 
it is necessarily fl uid; the founding of new organiza-
tions and journals, as well as reorganizations of existing 
groups and journals, are part of the process of science.  
At present, most of the areas of research reported in this 
chapter are pursued outside the confi nes of the Acousti-
cal Society, and the primary focus of the technical com-
mittee has been in biomedical ultrasonics.  However, 
work in the areas outlined in this chapter proceeds with 
vigor in other associations and societies, and it is not 
outside the realm of possibility that such work will once 
again call the ASA its scientifi c home. 
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Biomedical Timeline

1826 ••••  Weber publishes De Tactu, a treatise on tactile sensitivity.

1890’s ••  VonFrey argues for receptor specifi city in tactile response.

  First documentation of hand-arm vibration syndrome in quarry workers.

1920’s ••  Gault develops several prototype vibrotactile speech perception aids.

1920-40  Studies of perceptual response to vibration frequency (Knudsen, Geldard).

1930’s ••  Alcorn publishes description of the Tadoma method of tactile speech reception.

1930-60  VonBekesy publishes experiments on tactile sensitivity.

1940’s ••  Nafe and Wagoner propose the notion of “stimulus failure” for pressure sensation.

1950’s ••  Development of fi rst vibrotactile speech vocoders.

1950-00  Development of criteria for whole-body vibration exposure by von Gierke and colleagues.

1960’s •• Verrillo proposes duplex mechanoreceptor hypothesis.

1970’s •• ‘Rediscovery’ and formal evaluation of Tadoma (MIT, Children’s Hospital and 

 Harvard University).

1970-90  Development and evaluation of multichannel tactile speech aids and wearable devices.

1980’s •• Development of criteria for exposure to hand-arm vibration (hand-arm vibration 

 syndrome (HAVS) (Brammer).

1984 •••• Establishment of ASA Technical Committee on Bioresponse to Vibration.

1988 •••• Bolanowski publishes 4-channel model of vibratory perception.

1992 •••• Srinivasan organizes seminal session on Haptic Interfaces, Virtual Reality and 

 Telemedicine at an ASA meeting.

1990-00  Studies of damage to mechanoreceptors in HAVS (Brammer, Piercy and co-workers).
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Past and Present Chairs of the Technical 
Committee on Biomedical Ultrasound/
Bioresponse to Vibration

1984-87 John Erdreich
1987-90 Anthony J. Brammer
1990-93 Ronald T. Verrillo
1993-96 Janet M. Weisenberger
1996-99 Ronald A. Roy
1999-02 E. Carr Everbach
 2002- Robin O. Cleveland
 
 

Recipients of the Silver Medal in 
Bioresponse to Vibration
 
1989 - Floyd Dunn - For contributions to the under-
standing of the interactions of ultrasound with biologi-
cal media. 
 

Recipients of the Silver Medal in Biomedi-
cal Ultrasound/Bioresponse to Vibration
 
1999 - Ronald T. Verrillo - For contributions to the psy-
chophysics and physiology of vibrotactile sensitivity.
 

Recipients of Interdisciplinary 
Silver Medals
 
Silver Medal in Physical Acoustics and Bioresponse to 
Vibration
 
1990 - Wesley L. Nyborg - For technical contributions 
in the application of physical acoustics to biology and 
medicine.
 
Helmholtz-Rayleigh Interdisciplinary Silver Medal in 
Physical Acoustics and Biomedical Ultrasound/Biore-
sponse to Vibration
 
2000 - Lawrence A. Crum - For advancing the under-
standing of the physical, chemical and biological effects 
of acoustic cavitation and of high-intensity ultrasound.


