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ABSTRACT
Ultrasound has become a ubiquitous and trusted tool of medicine while bioeffects researchers claim 
that the extent of ultrasound’s side-effects has not been fully assessed.  Despite this, nearly every 
mother in industrialized nations receives at least one fetal ultrasound during pregnancy.  It is pos-
sible that extensive fetal exposure to ultrasound may have unforeseen developmental side effects.  In 
order to address this hypothesis, experiments exposing various biological models to therapeutic inten-
sity ultrasound are presented.  Ten min ultrasound exposures to seeds of Phaseolus lunatus, the lima 
bean, lead to a 300% increase in germination rate and enhanced growth.  It is believed that this 
is due to ultrasound enhancing the activity of alpha-amylase, a glycoside hydrolase class enzyme.  
Lysozyme is a similar type of enzyme as alpha-amylase, but is present in animals.  Sonication is 
demonstrated to increase the reaction rate of solutions of pure lysozyme in vitro.  These studies should 
be expanded on using diagnostic parameters in order to investigate enzymes as a potential pathway 
through which diagnostic ultrasound could affect human fetal development.  Further research is 
necessary to ensure that the maxim of medical ethics, “First, do no harm,” is followed by practitioners.

Abbreviations: Autism Spectrum Disorders (ASD), Food and Drug Administration (FDA), Output Display Standard (ODS), Mechan-
ical Index (MI), Thermal Index (TI), High Intensity Focused Ultrasound (HIFU), Spatial-Peak Temporal-Averaged Intensity (SPTAI), 
As Low As Reasonably Achievable (ALARA), Control (C), Ultrasound (US), Magnet (M), Magnet+Ultrasound (MUS)

INTRODUCTION

U ltrasound is a cyclic pressure wave 
with a frequency higher than the typi-

cal human ear can sense (>20,000 Hz).  A 
typical ultrasound transducer is composed 
of piezoelectric crystals[1] that change 
shape when an electrical current passes 
through them[2].  Diagnostic and thera-
peutic ultrasound devices have varying 

output intensities, frequencies and wave-
forms in order to elicit a desired effect.  
The Spatial-Peak Time-Averaged Intensity 
(SPTAI) of an ultrasound wave is a com-
mon unit to measure dosage, and is in units 
of mW cm-2[3].

For diagnostic sonography, ultrasound 
scanners typically use fast repetitions of 
short, high intensity pulses.  Computer soft-
ware integrates the echoes of these waves 
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into a picture.  The SPTAI of prenatal 
scans may not exceed 720 mW cm-2 due to 
Federal Drug Administration (FDA) regu-
lations[3].  Physical therapists use thera-
peutic ultrasound machines which produce 
a wave with an intensity that ranges from 
500 mW cm-2 to thousands depending on 
the aim of treatment.  Therapeutic ultra-
sound units operating at around 1 W cm-2 

are used to stimulate regenerative factors 
in soft tissue[4], cartilage[5] and bone[6].  
The mechanisms through which these ef-
fects occur are not clearly understood[7], 
and as such the extent of ultrasound’s im-
pact on the human body has not been fully 
assessed.

The potential for diagnostic ultrasound 
to contribute to developmental disorders 
has been considered by researchers since 
before the 1980’s[8]; however, due to mod-
ern medicine’s tenuous understanding of 
developmental physiology, the implications 
of many observed side effects remain un-
clear[9].  Some studies suggest that ultra-
sound could possibly have a deleterious 
impact on neurological development[10], 
and therefore in this study the link between 
prenatal sonography and the development 
of autism and Autism Spectrum Disorders 
(ASD) is explored.  More studies investigat-
ing potential environmental factors which 
may contribute to ASD are necessary, as the 
exponential increase of ASD has become a 
threat to worldwide human health[11].  

To investigate the impact that ultrasound 
has on Eukaryotic growth experimentally, 
some biologically relevant models are ex-
posed to therapeutic intensity ultrasound 
and the side effects are examined.  The use 
of therapeutic ultrasound in lieu of diag-
nostics equipment is due to cost restraints, 
although the SPTAI of the therapeutic de-
vice is estimated to be less than twice as in-
tense as the current maximum SPTAI limit 
for fetal scans.  Diagnostic and therapeutic 
ultrasound differs in intensity and wave-
form, yet the proposed experiments are 

still valid for exploration.  It is the primary 
goal of this study to investigate the side ef-
fects of ultrasound on Eukaryotic develop-
ment, although further studies must be per-
formed using diagnostic equipment before 
conjecture regarding clinical dangers can 
be confirmed.

LITERATURE REVIEW

The Increasing Incidence of Autism 
Spectrum Disorders

In the United States, the incidence 
of ASD has risen from 1 person in 5000 
(0.02%) in the 1970’s to 1 in 110 (0.91%) in 
2009[12](Fig 1).  This exponential increase 
has resulted in the Centers for Disease 
Control labeling autism a ‘national emer-
gency’ in 2006[11].  No studies to date 
have conclusively identified the source of 
the accelerating prevalence.  It is com-
monly argued that the expansion of diag-
nostic criteria accounts for some, if not all 
of the increase[13,14,15]; however, others 
claim that there is a genuine pandemic de-
spite this[16,17,18].

While it is likely that the increase is at 
least partially due to changes in diagnos-
tic practices, the fact remains that the in-
cidence has been consistently increasing at 
an exponential rate for 40 years[12] and 
affects all industrialized nations.  In May 
of 2011, the first study utilizing the entire 
population of South Korea claims that 
the incidence of ASD is 1 in 38 (2.64%) 
children aged 7-12[19].  When compared 
to the 2009 United States ASD estimates 
of 0.91%[12], the 2011 study claiming a 
2.64% incidence of ASD in South Korea 
is staggering.  It is imperative for world-
wide human health that we determine the 
source of this accelerating prevalence and 
handle it appropriately, be it identifying the 
causative agent or by definitively proving 
that it is a virtual increase.
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Does Ultrasound Contribute to the 
Rise in Autism?

Ultrasound was first introduced into di-
agnostics medicine circa 1958.  As shown in 
Fig 2, within 10 years of its inception, diag-
nostic ultrasound’s use in obstetrics and gy-
necology became accepted worldwide and 
commercial research took off heavily(a)
[20].  Coincidentally, the incidence of 
ASD began its ascent within the genera-
tion of people born in this time period(b)
[21].  Research was necessary before diag-
nostic techniques using ultrasound could 
be implemented into medical practice and 
become widely used, and as inferred from 
the trends, there is a distinct correlation(c).

To date, diagnostic machines are ca-
pable of producing flush 3D images, al-
lowing parents to look closely at their un-
born children.  Despite scientists claiming 
to not know the extent of side effects, the 
responsibility of interpreting the safety 
of ultrasound exposure is levied upon the 
individual practitioners[3].  This presents 
a danger, as bioeffects researchers claim 
that ultrasound is a possible teratogenic 
agent[8] – that is, it is capable of leaving a 
deleterious impact on an embryo.

Despite this, the general trust of imag-
ing practices held by doctors has led to an 
increase of ultrasounds suggested during 
pregnancy, and even more for at-risk par-
ents.  The FDA does not currently have a 
limit for the maximum number of ultra-
sounds prescribed, although the average 
number for a healthy pregnancy is typically 

1 to 3[22].  Routine fetal ultrasounds are 
commonly said to be harmless by many 
doctors, yet the FDA has placed a ban on 
using diagnostics equipment for fetal keep-
sake videos[23].  Fetal keepsake videos are 
high resolution sonography sessions that 
are performed with a commercial drive for 
greater clarity of picture[24] rather than 
the As Low As Reasonably Achievable 
(ALARA) principle practiced by diagnostic 
medicine[25].  This ban highlights some 
controversy, as better imaging is a strong 
monetary incentive and medicine is not 
immune to the commercial pressures this 
presents.

The FDA’s regulations limiting the 
SPTAI of fetal sonography were raised 
8-fold in 1992 to meet commercial de-
mands for higher quality imaging.  Prior to 
this change, there was an SPTAI upper end 
output limit of 94 mW cm-2 for fetal scans.  
Currently in the United States there is a 
limit of 720 mW cm-2 for such scans given 
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that ultrasound machines follow regulation 
Output Display Standards (ODS)[3] and 
display on-screen estimates of power out-
put in the form of a Mechanical Index (MI) 
and Thermal Index (TI).  These indices 
can be off by a factor of 2, up to 6 in some 
situations[26,27].  As well, some studies 
have shown that there are many practicing 
radiologists and doctors who do not know 
how to effectively utilize these indices[25].

As evidenced by the commercialization 
of ultrasound, the monetary incentive to 
improve and make available ultrasound 
technology for public use is powerful.  It 
has by far surpassed the regulation-limited 
research investigating the side effects.  This 
has led to a situation where this highly 
novel and useful tool has become ubiqui-
tous in society before its safety could be 
definitively verified[3].  Similarly, not 30 
years ago X-Ray machines were used for 
fitting shoes properly[28] - a practice that 
had continued for many years before se-
rious side effects were found.  Studies do 
not suggest ultrasound directly causes can-
cer[28,29,30] as X-Rays can, but the pos-
sibility of harmful impact on fetal develop-
ment is evident[8].  There are a significant 
number of trends that make the connection 
between diagnostic ultrasound and autism 
worthy of further investigation.

Side Effects of Ultrasound, as Dem-
onstrated by In Vitro and In Vivo 
Studies

Ultrasound mechanically moves physi-
cal matter as it passes through a medium.  
This movement occurs along with an in-
crease in temperature.  Both the physical 
motion and resultant heat can have an 
impact on biological systems.  Ultrasound 
side effects can therefore be classified as 
either ‘Mechanical’ or ‘Thermal’ in na-
ture.  Mechanical effects are those which 
are resultant of the physical interaction of 
ultrasound with a medium[31].  Thermal 
effects are those that are distinctly due to 

the increase in temperature.  FDA ODS 
require that a MI and TI be displayed on 
the screens of diagnostic ultrasound moni-
tors after 1992.  These indices are tools to 
help estimate the thermal and mechanical 
impact that the ultrasound exposure will 
have on tissue[26]; however, interpreting 
the actual bioeffects is a responsibility lev-
ied upon the individual practitioner[3].

The practitioners themselves rely on 
researchers to inform them of safety con-
siderations.  Regulations and ethics issues 
require that many researchers perform 
a combination of in vitro and organismal 
model experiments to draw conclusions 
from for human health[32].  This raises 
some difficulty when looking for the subtle 
side effects of ultrasound.  One obstacle is 
that there are many differences between a 
human brain and the brain of a rat as an 
organismal model.  There are differences 
in size, molecular structure and function.  
These variations in physical makeup and 
scale make it so that doses which are tera-
togenic to lab animals or cause effects in 
vitro may not induce such insults in human 
tissue[26].  There are similarities, however, 
and some effects deserve note.

Excess heat has been shown to be terato-
genic in animal models[27].  Because of the 
known pathogenicity of increased temper-
ature on organogenesis, bioeffects research-
ers are more confident in saying that ther-
mal dose considerations are more critical 
than the mechanical impact of ultrasound 
on development[33,34].  Irreversible neu-
rological damage is caused to a fetus when 
its body increases 4°C above core tempera-
tures for 5 min, or some dosage equivalent.  
Pulsed Spectral Doppler Ultrasound is a 
diagnostic sonography technique that re-
quires the transducer to remain stationary, 
and can cause this 4°C increase in just a 
little bit over 30 seconds[35].

There is a further possibility that factors 
which increase the thermal dose of a fetus 
may compound one another, confounding 
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estimations of an ultrasound practitioner 
for utilizing a “safe” dosage of ultrasound.  
For example, during the third trimester fe-
tal temperatures raise 0.5°C above mater-
nal core temperatures[34], the mother may 
be ill, have been in hot weather, and it may 
be possible for a fetus to elicit its own fever 
response due to pathogenic exposure[36].  
Ultrasound machine displays are required 
to only list a TI based off of a factory stan-
dard, giving no real time estimate of actual 
internal temperatures[26].

Thermal dose is imperative to consider 
during fetal scans; however, the more subtle 
mechanical effects may have an insidious 
impact.  The mechanical effects of diag-
nostic ultrasound are not always obviously 
pathogenic: there are no exogenous materi-
als presented to the body, and no overt vis-
ible physical damage indicative of trauma.  
Physical therapists utilize ultrasound’s me-
chanical effects when they report that treat-
ment increases the growth rate of many tis-
sues[6], yet they admit that the mechanisms 
are not well understood[9].  The extent of 
which mechanical side effects have on hu-
man long-term development is largely un-
known[37], and is difficult to quantify given 
that mechanical effects are many, varied, 
circumstantial and medium dependent.

Some discrete side effects have been 
documented.  Mechanical stimulation from 
ultrasound exposure can cause changes in 
biochemical reactions[38] and may stimu-
late the formation of cavitation bubbles[39].  
Under appropriate stimulation cavitation 
bubbles can implode, creating fluid micro-
jets that can reach upwards of 500 atm[40] 
and 7000 Kelvin[41] - consequently having 
the potential to be very destructive.  These 
small but powerful implosions can propa-
gate further cascades of thermal and me-
chanical effects[42,43], damage proteins, 
induce localized changes in biochemical 
reactions and so forth[44].

Cavitation may also lead to the produc-
tion of free radicals[45,46].  Free radicals 

can be attributed to many types of homeo-
static imbalance[47], and ultrasound has 
been experimentally shown to produce them 
in vitro[48] and in vivo[49].  What these ultra-
sound promoted free radicals are capable of 
doing in the scope of human health remains 
to be further investigated[50].  This is im-
portant to consider, as fetal development is 
very sensitive to chemical balance[51].

Some studies show that DNA regulation 
can be affected by diagnostic ultrasound 
in a variety of ways[52,53,54].   It has also 
been demonstrated that there are side ef-
fects that are detectable across generations 
in some cell lines.  A study performed in 
1982 claimed that, in fibroblast cells, di-
agnostic intensity ultrasound induced a 
change in motility that was detectable in 
progeny upwards of ten generations after 
exposure.  Other physical influences such as 
ultraviolet radiation and heat were able to 
cause a similar effect, as well[55].

In vitro studies have shown that pulsed 
ultrasound changes the binding affinity of 
hemoglobin to various molecules[56].  To 
what extent this could possibly affect liv-
ing organisms is uncertain, but it is known 
that proper gas exchange is imperative for 
maintaining a healthy internal equilibrium 
across the placental barrier[57].  Another 
finding from this study is that insonation can 
alter blood pH.  Given that this study was 
performed in in vitro conditions, further re-
search is required so that these risks as per-
tains to clinical settings can be more clearly 
assessed.

Ultrasound and the Brain
In experimental studies that date back 

over half of a century, ultrasound has been 
shown to induce a wide variety of side ef-
fects on the brain and central nervous sys-
tem[7].  There have been experiments de-
tailing selective upregulation or suppression 
of neurons[58], ways to stimulate or alter 
sensory signals[59], even techniques to treat 
symptoms of Parkinson’s disease[60] and 
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epilepsy[61] using ultrasonic stimulation.
A study performed in 1987 showed that 

diagnostic ultrasound damaged myelin in 
rat models.  A very low SPTAI relative to 
today’s maximum limits were used, and 
symptoms were evident 24 h after expo-
sure.  The rats in this study were in a stage 
of development that is similar to that of a 
human fetus in the second trimester[62].  
This is relevant for mental health, as my-
elination is a critical part of neurological 
development and the integrity of myelin 
sheaths are important for mental fitness.  
Multiple sclerosis[63] and schizophre-
nia[64] are some disease states that exhibit 
some myelin related symptomatology.

In 2006, an experiment used radioactive 
dyes to follow the paths of growing neu-
rons of mice under exposure to high inten-
sity diagnostic ultrasound.  It is shown that 
extended periods of diagnostic ultrasound 
exposure during organogenesis can cause 
errors in neuronal migration.  This study 
reports that a statistically significant num-
ber of neurons were found at inappropriate 
locations after exposure to ultrasound, evi-
dence of an impact on neurodevelopment 
that could have potentially many conse-
quences[10].  A factor that should further 
be considered about this study is that the 
resolution of the experiment only detected 
neurons found outside of a specific zone; 
any neurites that were displaced but within 
their expected zones are not discernible.  
Considering that neuronal connections 
build upon foundations set by other neu-
rons[65], this small number of displaced 
connections during early development de-
serves acknowledgment.

As mentioned earlier, not all effects are 
overtly pathogenic in nature.  With fur-
ther research it is likely that ultrasound will 
become a potent neurotherapeutic mo-
dality[66].  The treatment of Parkinson’s 
disease using ultrasonic stimulation in the 
1960’s was progressive and novel; how-
ever, technology at the time was not able 

to effectively focus ultrasound through 
the skull[67] and so the technique was 
not heavily invested in.  That technology 
is available today, and so the potential for 
ultrasound to treat many mental illnesses 
noninvasively is on the horizon[68].

MATERIALS AND METHODS

There is a gap in research investigating 
how ultrasound impacts the long-term de-
velopment of Eukaryotes.  To address this, 
these experiments demonstrate that expo-
sure to therapeutic intensity ultrasound to 
a seed has a lingering impact on the plant’s 
growth and development.  It is thought that 
this change is due to ultrasound enhanc-
ing the chemical reactivity of alpha-am-
ylase[69].  These experiments then make 
the connection from plant to animal by 
testing an analogous enzyme which utilizes 
a similar chemical mechanism but is pres-
ent in both hens and humans.

The ultrasound machine used in these 
experiments is a facial cosmetic ultrasound 
unit operating at 1 MHz with a wave train 
composed of 5 millisecond pulses, a 40% 
duty cycle and an intensity of 1.25+0.35 
W cm-2.  The results of these experiments 
were not collected using a diagnostic ul-
trasound scanner, and are expected to 
exaggerate some possible side effects rela-
tive to fetal scans.  Regardless, the results 
should highlight some potential dangers of 
increasing fetal SPTAI limits any higher 
and also bring attention to the impact that 
therapeutic intensity ultrasound can have 
on Eukaryotic development.

The use of a 0.5 tesla magnet in these 
experiments was originally motivated by 
recent studies debating why plants are sen-
sitive to the Earth’s geomagnetic fields[70], 
which was first suggested by Louis Pasteur.  
During experimentation, it was observed 
that there was a deleterious impact on 
Phaseolus lunatus, the lima bean, when seed 
treatment included magnets combined 
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with ultrasound.  The use of magnets 
was included in the methodology of the 
other experiments as well for exploratory 
purposes.

I. Brief Ultrasound Exposure to 
Seeds Induces Lifelong Changes in 
Plant Development

The seed represents a critical period of 
development for plants, similar to a fetus 
for humans.  There are many differences 
between a fetus and seed, but plants and 
animals are both eukaryotic.  All eukary-
otes share some biological similarities[71], 
and as such, plants may serve as a useful 
model for exploring the effects of ultra-
sound on development.  Magnets have also 
been reported to have a beneficial impact 
on plant growth[72], and so an experiment 
was performed to investigate possible syn-
ergism between the two effects.

In this experiment, seeds (n=360) of 
Phaseolus lunatus, the lima bean, were ex-
posed to various treatments before plant-
ing.  The seeds were split into 4 treat-
ment groups composed of 30 seeds each 
[Control (C), Ultrasound (US), Magnet 
(M), Magnet+Ultrasound (MUS)] over 
3 replications.  A single group of seeds 
(n=30) received Constant Exposure (CE) to 
four 40 kHz ultrasound transducers posi-
tioned above them, suspended by c-clamps.  
The transducers were positioned to give 
approximately even distributions of ultra-
sound throughout the tray.  Each group 
was planted in a controlled environment, 
and received carefully measured amounts 
of water and minimal additives.  All seeds 
were planted in a double-layered aluminum 
baking tray, with non-fertilized organic pot-
ting soil.  Each seed was carefully planted 
at a similar depth, with one inch of space 
separating seeds on all sides.

Each group of seeds in each replica-
tion was planted in their own individual 
baking tray.  The 4 pretreatment groups’ 
trays remained side by side on a table in 

the middle of a laboratory.  The CE group 
was separated into another room, and had 
its own control group that was positioned 
several feet away.  All groups received an 
equal amount of light exposure from an in-
candescent ceiling light for several hours a 
day relative to their control, although this 
was not carefully monitored.  There were 
no obstructions that would selectively block 
light to any of the plant groups.  All water-
ing was performed by pouring water into 
the bottom baking sheet layer, with perfo-
rations in the top sheet allowing water to 
seep into the soil.  The amount of water 
delivered to each group was carefully mea-
sured and consistent.

The C groups received no pretreatment.  
US groups received 10 min of therapeu-
tic ultrasound: first, the US seeds were set 
on top of a small seat of gel in order to 
improve coupling between transducer and 
seed.  The seeds were then sonicated in 
groups of 4 for 10 min each.  As each treat-
ment group was not divisible by 4, each fi-
nal sonication received 2 extra placeholder 
seeds to ensure similar mass to absorb ul-
trasound for all treatments.  After pretreat-
ment, the seeds were soaked in water for 24 
h and then planted.

M groups received 10 min of exposure to 
a moving 0.5 tesla neodymium magnet.  All 
30 seeds of each magnet group were placed 
in plastic bags with the magnet and shaken 
for 10 min.  MUS groups received 10 min 
of magnet treatment followed by ultra-
sound.  After treatment, the seeds were 
soaked in water for 24 h and then planted.

The CE group was initially soaked in wa-
ter for 24 h and then planted.  Following, 
the seeds were exposed to four 40 kHz ul-
trasound transducers during the entire pe-
riod of germination and growth.

II. Exposure to Therapeutic Ultra-
sound Increases Lysozyme Reaction 
Rate in vitro

It has been demonstrated that ultrasound 
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enhances the germination rate and ob-
served that there were visual distinctions 
in plants treated with ultrasound at seed.  
It is believed that this is caused by, in part, 
ultrasound enhancing the reaction rate of 
alpha-amylase, a glycoside hydrolase[69].  
An enzyme that is present in animals, ly-
sozyme, is also a glycoside hydrolase class 
enzyme.  As these two enzymes have a 
similar chemical mechanism, an experi-
ment was carried out in order to investigate 
the impact of therapeutic ultrasound and 
magnets on the reactivity of pure solutions 
of lysozyme.

Sample aliquots of lysozyme and 
Micrococcus luteus bacteria were prepared 
according to the Worthington Enzyme 
Manual assay for lysozyme[73] in 0.1 M 
solution of potassium phosphate buffer, pH 
7.0.  Aliquots of lysozyme were diluted to 
350 units mg-1 in deionized water.  M. luteus 
was diluted to a concentration of 0.3 mg 
ml-1 in buffer.  Some aliquots of lysozyme 
were treated with ultrasound, magnets, or 
a combination of both: the C group re-
ceived no treatment.  The M and MUS 
groups were placed next to a rotating 0.5 
tesla neodymium magnet for 10 min.  The 
US and MUS treatment groups were then 
placed on top of the ultrasound transducer 
in a polymer cuvette, with a drop of ultra-
sound gel to improve coupling between cu-
vette and transducer and received 10 min 
of ultrasound.

In each test, the control and treated en-
zymes both came from the same batch dilu-
tion to ensure consistent concentration of 
enzyme between groups.  After pre-treat-
ment of the enzymes 5 and 10 min, the ly-
sozyme was then added to the M. luteus to 
start the reaction.  In the constant sonica-
tion experiment, the enzymes were tempo-
rarily removed from the ultrasound device 
in order to take spectrophotometric assay 
with a Spectronic 20D spectrophotometer 
at 450nm.  

The absorbance of light through a liquid 

medium according to the Beer-Lambert 
Law is described as:

A=εlc
where A is absorbance, ε is the molar ab-

sorptivity, l is the path length of light and 
c is the concentration of solution.  The 
change in absorbance over time is propor-
tional to the rate of enzyme activity in this 
case, as lysozyme breaks down M. luteus cell 
walls and allows more light to pass through 
as the reaction continues.

RESULTS AND DISCUSSION

I. Brief Ultrasound Exposure to 
Seeds Induces Lifelong Changes in 
Plant Development

Over 3 replications, the data suggests 
that 10 min application of either therapeu-
tic intensity ultrasound or magnetic field 
independently to seeds lead to an increase 
in germination rate and enhanced growth.  
Combination therapies appeared to negate 
the positive impact of either treatment in-
dividually on the plant’s germination rate 
(Fig 3).  These changes were not statistically 
significant at a 95% confidence interval due 
to the small number of replications so far; 
however, each treatment group visually ex-
hibited distinctly different visual character-
istics that were loyally reproduced between 
each of the replications.

The M group seeds grew healthy and full.  
US group seeds grew even larger, with in-
creased foliage and size relative to control.  
Seeds from the MUS group appeared to 
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exhibit inefficient growth patterns.  Not 
only did the germination rate of the MUS 
groups drop significantly relative to other 
treatment groups, the MUS groups’ hypo-
cotyls were very thin and wiry and they ex-
hibited very poor foliage production.

The observed changes are partially enzy-
matic in nature.  Studies have shown that 
exposure to ultrasound waves promote the 
activity of alpha-amylase – an enzyme 
responsible for breaking down the endo-
sperm of seeds into nutrients for the de-
veloping seedling[69].  Other effects likely 
contribute to the change in development, 
as extrapolated from the fact that exposure 
to a magnetic field also increased germina-
tion rate but did not alter the catalytic ef-
ficiency of pure lysozyme.

A second experiment was performed in 
order to study plants exposed to constant 
ultrasound.  Several 40 kHz transducers 
were arranged by clamps above one rep-
lication tray, in a separate room from the 
other experiments and with its own control 
(Fig 4,5).

Some qualitative observations were made 
about the CE group: (1) the CE group had 
the highest germination out of all groups in 
any single replication (26.6%); (2) all of the 
seedlings’ hypocotyls in the CE group grew 
towards the ultrasound transducers (this is 
a phenomenon that we colloquially refer 
to as “sonotropism”); (3) the CE group was 
a more livid and healthy green color than 
both control and pre-treatment groups.

II. Exposure to Therapeutic Ultra-
sound Increases Lysozyme Reaction 
Rate in vitro

After exposure to ultrasound, lysozyme 
was shown to have an enhanced reaction 
rate for some duration.  Exposure to the 
ultrasound wave imparts energy that en-
hances mixing and mass transfer, but the 
mechanism through which the enzyme re-
action continues to occur at an enhanced 
rate afterwards (Fig 6) is not completely 
clear.  There are theories as to how ultra-

sound may impact enzymatic reactions; 
however, studies are inconclusive regarding 
proof of mechanism[44].

Fig 7 describes the enhancement of ly-
sozyme chemical reaction rates with ultra-
sound pretreatment.  Sonicating the en-
zyme prior to adding to substrate appeared 
to increase the reaction rate in a dose de-
pendant relationship.  This reaction rate 
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enhancement continued after the solution 
reached apparent thermal equilibrium.

Treatment 1: 5 min pre-treatment 
before reaction

A 5 min pre-treatment of lysozyme by 
therapeutic ultrasound prior to adding the 
enzyme to substrate increased the rate of 
enzyme catalysis by 119% (a).
Treatment 2: 10 min pre-treatment 
before reaction

Ten min of ultrasonic pretreatment prior 
to adding the enzyme to substrate increased 
the rate of enzyme catalysis by 160% and 
142% respectively (b).
Treatment 3: Constant exposure 
during reaction

The groups that were insonated while 
the reaction took place catalyzed over twice 
as many reactions compared to control.  
The efficiency of enzyme catalysis was in-
creased 210% in both cases (c).

Some heat studies were performed.  It 
was concluded that although heat does 
increase the reaction rate of lysozyme, ul-
trasound appeared to have a larger impact.  
As well, ultrasound appeared to leave a lin-
gering effect that continued to enhance the 
rate even after the solution cooled down.  
Solutions of pure buffer raised 12.2°F, or 
5.1°C over 10 min of constant ultrasound 
exposure (Fig 8).

Over several experiments, exposure to 
magnets did not change the reaction ef-
ficiency of lysozyme.  Similarly, the MUS 
groups exhibited activity similar to US 
alone groups, suggesting that magnetic 

fields have no distinct change for solutions 
of pure lysozyme.

III. Comprehensive Discussion
Some studies have shown there to be a 

positive correlation between the prevalence 
of ASD and socioeconomic status[74], 
suggesting that ASD is more likely to affect 
people who have better access to medical 
facilities[75].  It may be that more well-to-
do families are more likely to report a case 
of autism; however, it is also important to 
not dismiss possible factors that would se-
lectively target these populations, such as 
medical practices.

As ultrasound has been shown to im-
pact organismal physiology in measurable 
ways, extensive exposure during critical 
periods of development for humans could 
feasibly cause unintentional side effects.  
Environmental teratogens are thought to 
trigger the development of ASD in some 
cases[16], with genetic predisposition play-
ing a large role in whether a person is sus-
ceptible or not[76].  If ultrasound itself is 

Explorations | Biological, Earth, and Physical Sciences



13

David Blake

a direct contributor to autism symptoms or 
not has yet to be proven, but the fact that 
ultrasound is such a prominent medical 
procedure adds weight to how important it 
is to better understand its side effects.

There is a large bit of undue trust in the 
medical industry regarding the potential 
side effects of ultrasound.  Modern medi-
cine is struggling to make sense of human 
biology and neurodevelopment, and our 
medical practices are still in an infantile 
state.  Radiologists and ultrasound prac-
titioners should definitely give respect to 
the instrument where it is due, however.  
Ultrasound is a powerful tool, and learning 
how the machines work is a very important 
part of understanding ultrasound itself.  In 
light of research articles that claim a defi-
cit in appropriate training with ultrasound 
equipment[25], a greater emphasis should 
be placed on technical studies in order to 
master the equipment.

Even for practitioners that are well 
learned, there is a lack of epidemiology 
studies on developmental side effects of di-
agnostic ultrasound.  If a radiologist were 
to study the bioeffects of diagnostic ultra-
sound in depth, he or she may be unduly 
comforted by the lack of solid scientific 
data investigating the mental fitness and 
health of populations later in life who had 
been exposed prenatally.  Because of this 
gap in research, there is insufficient data to 
draw upon to determine whether diagnos-
tic ultrasound is truly safe or not.  Further 
confounding, there would be many com-
plications in epidemiological data analysis 
given the wide breadth of variables be-
tween ultrasound sessions such as location, 
environmental conditions and genetic dif-
ferences between patients.  Even the angle 
at which a practitioner holds the transducer 
at any given time during a session will alter 
the delivered dosage to a fetus[77].

Despite the lack of studies arguing for the 
safety of ultrasound, society is fairly com-
fortable with the idea of it.  With fetal scans 

being a common day occurrence, a market 
has opened for the sale of ultrasound for 
personal vanity purposes.  One such de-
vice, the ultrasonic “wrinkle remover” that 
was used in our experiments, may have un-
foreseen consequences of its own.

These hand held devices operate at ther-
apeutic intensities and their intended use 
is direct application to the face wherever 
wrinkles are present.  Ultrasound “wrinkle 
removers” are advertised to fight wrinkles 
by stimulating collagen production[78] to 
rejuvenate skin.  Therapeutic ultrasound 
can penetrate inches into soft tissue; and 
although the skull has high impedance[79], 
direct application of therapeutic intensity 
ultrasound to it may in some way affect the 
brain[7].  Reason suggests that any product 
that willingly exposes the brain to thera-
peutic intensity ultrasound should be heav-
ily scrutinized.

We conducted a preliminary study in col-
laboration with the Bahr laboratory (The 
University of North Carolina at Pembroke), 
where combination therapeutic ultrasound 
and magnetic fields were applied to or-
ganotypic rat hippocampus slice cultures.  
Ex vivo slices of rat hippocampus[80] were 
exposed to combined ultrasonic and mag-
netic stimulation for varying times, and 
several tests for synaptic markers of neuro-
logical toxicity and changes in myelination 
were performed.  It was found that synaptic 
markers synaptophysin, GluR1 and myelin 
proteolipid protein were unchanged after 
up to 1 min 30 sec of exposure.  All treated 
samples became thick and whitely colored 
24 h after treatment, although the nature 
of this is unclear.

IV. Sources of Error
Obtaining the actual output intensity of 

the ultrasonic “wrinkle remover” unit has 
proven difficult without sufficient equip-
ment funding.  The reported intensity of 
1.25+0.35 W cm-2 is based off of an esti-
mation using an advertised intensity output 
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from a similar model that performed closely 
in some tests.  It was not clarified in the in-
struction manual if this is Spatial-Peak/
Average Temporal-Peak/Average Intensity, 
although the trend is for companies to re-
port their SPTAI.

Our zero point for the enzyme studies 
were off in some of the enzyme data sets 
presented here due to solution settling or 
drawing from incompletely mixed dilution 
aliquots.  This should not dramatically af-
fect the reported outcomes.

Due to the small number of replications, 
statistical analysis cannot prove that the 
enhanced germination rate is statistically 
significant at the 95% confidence interval.  
New studies will be performed to confirm 
the results of these experiments and to im-
prove statistical analysis.

CONCLUSIONS
The incidence of ASD began to expo-

nentially increase during the time when 
ultrasound came into use in diagnostics 
medicine.  Correlation is not causation, but 
further investigation is warranted.  If diag-
nostic ultrasound is not a contributing fac-
tor to ASD specifically, further study into its 
side effects is still necessary to ensure that 
the actual risk is better known.

The presented experiments were per-
formed using therapeutic intensity ultra-
sound, estimated (with this particular de-
vice) to have an SPTAI roughly 130-175% 
the maximum limits of fetal scanning.  The 
waveforms are also different, and without 
further investigations using a modern di-
agnostic scanner it cannot be definitively 
claimed that diagnostic ultrasound indeed 
produces this same effect.

Two glycoside hydrolase class enzymes 
have been identified that are upregulated 
by sonication.  This has been demonstrated 
to alter the development of plants, and 
may be relevant to human organogenesis 

as well.  This hints at a possible mechanism 
through which ultrasound may impact 
metabolic biochemical cascades.  Further 
studies on how ultrasound interacts with 
biologically active enzymes should be 
performed using diagnostic equipment.  
Further, ASD is believed to have a heavy 
genetic basis[76], and how diagnostic so-
nography affects both gene regulation and 
the physical structure of the involved mol-
ecules deserves to be further studied.

On a positive note, magnets appear to 
improve plant growth.  Further studies 
should be performed in order to investi-
gate the potential of this to improve major 
crops.  Using magnets would be a green, 
cost efficient way to enhance plant yield 
without the use of exogenous additives.

There are many questions still to be an-
swered.  Above all, the presented material is 
meant to provoke thoughtful consideration.
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