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Ultrasonie l,'|i';||:|||:|_h'| is no sranger in e field of life
scefendes, Since {3 very |'|1|.,1,1:||irm, 0T @ |qu|'1.'-|'|:|lll.r:|.'
ngo, ultnsonic cleaning equipment has been a stan-
durd festune in biomedical research facilities and lwos-
pital surgical suites, As the need for cleanliness has
incressed over the past few decades, however, ultra-
souics hias plaved a major robe in mecting that need, In
fact, many advances in ultrsonic technology hve
been in direet response to the needs of this industry,

A Brief History

Ultrasonic cleaning was first emploved in the laborito-
v to ensure cleanliness of apparatus used in research
In the hospital, it was foand useful in cleaning surngical
instruments prior to sterilization. Ultrasonics com-
pletely remeoved dried-on tissue, blood, and other con-
tamninants from instruments with a mindmum of dme
aned efTort.

While there were efforis toase uli FascHIdE Ty 10
.'||.'I||:|J|:. nli':rlJl.fJ.'. these efforts were unsiceessiul.
Maintaindng o sterle emnvdronmeent, althangls T
Hvis o |1|'i|-|.'|'r.||: irfectiom, i nwal I:II."I."I!"h'EII"Il:I.‘ SV TIHNS
with cleanliness. In short, dirt, althoweh stecilized, s
still efirt! Cleanliness, then, remains important in acldi-
tiom to sterilization to sssure the proper function of not
onby surgical instruements but the growing abundines
af implants and other patient contact items

With the advent of single-use instrunents, one
might think that the need to
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Multi-Tank Ultrasonic Cleaning Systems

back surface af &

VTR L A

y fds a8 “rhod

] ¥
PO SO IR 5 O
Wty e b I In S CF

fhe removad of all foresg
| i By hamper ]

stand and develop its capabilities is
| ongotig both in the lsboratory and in
| practical held trals, This emerging
| scbemnoe guamnieses thal tomormoa's
| chHgitally tulored woveforms will e
| ahle o meet the ever ing AL THE
| cleanliness requirements genderied
I‘.-'\ aclvanees f othier Be !Illllllr:zlr"\ I
providing the ideal deaning parme

ters for cach ..||||'!|| abien




itation choes oot oocur, The thickness af e boumschary bever
'!n'hu.innm “hick:" ssnalkor particles) diminishes as the ultrson-
ln.'drl.'m'\- incrases {Figure 3.

already seen from multi-Frequency cleaning,

Each cleaning application i unigque and recquines its own
set of ultmsonic parameters. The variety of items anges
from small stents with dimensions mexsured
in fractions of millimeters o hip joints hun-
dreads of times that size. The stent requines
extrome cleanliness as it is inserted directly
into thee blood stream and, due to the tech-
nigpues nsed in its fbrication and the required
geometry, may exhibit both small und lunge
particle contamination (Phote 1), The hip
joint, on the other hand, requires ceanliness
for a completely different reason. The sur-
faces of the hip which are to be wttached to
the patient’s own bone must be free of all
contaminants to allew the adhesive or the fus-
ing cffect as the bone grows into the poroas
surface to be effective (Photo 2.

Pacemakers and many other implanted
devices offer a deaning challenge to remove
contaminants resulting from the fnishing
stages of the mamufacturing process, which

Figure 3. As uirasonic equancy i ncreassd, e ickness of tho boundary or
“siagnant” layer drmnahed, Smal pachcies and affer confaminants frmooed’ in
e boundany Wyer cannod be effecthaly ermovwd by wiresonic cheaning, in
AT GRS, umnmﬁnﬁnnnrmtmmh;mmwam-
ond, aher Irsduency for AR CReamng, M Give SRaDenor Cheaning mesuils.

Sknce increasing ultrsonic power has very little effect on
the: thickiess of the boundary layer, there is a compelling
argument for using higher frequency when there is o need
for penetriding an iregular surface or removing extremely
small particles

Best of Both Worlds

The "best of both worlds™ requires the use of multiple fre-
quency ultmsonics, Low frequency in the range of 25 to 40
kHz to provide aggressive removal of Luger volumes of sur-
[ace contamination and higher frequencies in the rnge of
65 to 200 kHz to penetrate irregular surfuces wd renwne
extremely small particles,

Multi- -frequency capability con be supplied through the
use of disereet equipment functioning at the vardous fre-
guencies or by using equipment capable of providing mul-
tiple {requencies in a sngle cleaning chamber, The ability to
provide multiple frecuencies in o single unit is, of course,
dhesimibile. The benebits of ladllg.n.ur,' to prostrum I'rnlucnc-lr
changes throughout the chsming process are presently
under exploration as an enhancement to the benefits

may include buffing and polishing, These
steps, often performed in the interest of oos-
metics, may make the finished surface an
inhenent [.I-u.rlil:lf generator, Cilier patient
contact items (ncluding connulae, endo-
scopes, heartlung  bypass and  dialysis
muchines, and catheters present cleaning
requirement and challenges, which are
increasingly being met through the use of
ultrasonde cleaning systems tadbored for each,

On the Horizon

Ultmisenic dleaning is far from a “matune” technology,  The
gene i ultrisoade cleaner, a mdﬂr.!g item for decades, is bi.-.ing
displaced by a new genemtion rlfllﬂm:lnicl:ll::rling svsbeans
swhicli 1atliee |i-w|:," :lﬂﬁqlﬂ! hr.i'mr*'m" fi pl'l:'-iih bsetier
cheining to meet todn's challenges.

Life sciences, akong with waler fbrication for the electron-
ks incustry and dise drives for the computer industry, provide
the biggest opportunitics for this new technology, Digitl gen-
erution and control of the wtmsonic waveform and fredquency
within a cleaning system offer the deaning specialist the oppor-
tumity to preseribe o specific recipe for sch deaning task.
Applications previously: declared “impossible™ due to lack of
achorquate clening or the potential for part damage doe to ultra-
somi: covitation erosion ane being congquened todey using this
techmology.

Finalby, digital ultrasonics brings with it the abdity to control
and document the ultrisonic cleaning prooess in o wany not pee-
viously possthle. Dgital readouts cin prosdde 2 permanent
rocand of ultrsonic chenmingt parmmeters inchading time, nden-
sity, wiveform, and frecuency. These, abded to the traditional



_

Mechanisms of Cleaning

To wckerstand the benefits of ulnsonics one
rnast first vchorstaned e mechanism of deaning.
Soaluble contwminants wne removed by besing dis-
soabven] by ¢ sohvuting agent. This sol-
vattinygt sgent condd be a bvdrocarbon sohaent or an
aquecnss chemistry utilizing surfactnts along with
other ceaning |q;;l_~rrts. Insohuble contumbnants
et e pemoved by plhwvsical displacement using
rmestumicl mes,

Ultrasonic in o Biquid cveates condtation
“tubbles" which collgse in mplosion, nelesdng
consicheruble energy in the form of microscopic
shock vwaves (Figure 1) The shock wanes that
meslt from the implosion: of cndtation Bubbles
proviche a micro-stiming effect which penetrades
into porous surfaces and hidden ares o improve

Figune 2. As wirasomc frquancy & incmased, the siie of cavitabion bubbies
orochced in a0 oifesonic Systern docreases. Ahough smaler bubblas resui in
heds tenss ndvoual mploson evanis, Hene 8 mone dAMploson evenis per
wrat of i Higher uinsonic fguency genemlly provices & more entle but
pielratiig chaaniiy action and provides better mmoval of extremely small nar-
ticlas fronm & seofido,

Instead, it has been increased and moved from the highly
controlled environment of the laboratory and surgical suite
to the manufacturer of the instruments. Single-use instru-
memts st be cleaned and sterilized before they leave the
munnfacturer’s facility.

Adkditionally, surgical instruments have become more
comphex and minkaturized. These changes have further com-
plicated and enhanced the importance of effective cheaning.
Today's micro- and arthroscopie surgery routinely utilizes
instruments challenged in size and complesity only
by watchmaker's tools. Clearances bebween moving parts are
often bess than the thickness of a human hair, making the
complete elimination of particulate contarmination extremely
important to thetr function.

Bevond comventional instruments, there are comtless
otber surgical items which come in direct contact with
patients. These include fuids delivery tubing and the assodi-
ated fittings and valves as well as monitors that measurne blood
pressure (even within the heart itself), body temperature, and
a myriad of other parameters in real tme. Add 1o these
requircments the need of the drg industry to dean the
eouipment used to produce and paclage dnngs of every
ibescription. All of these require not only sterility, but the
ultimmste: in cheanliness as well.

Hiopuid] enchange, which spevxds dissolistion of solu-
ble contaminants.

In ither come ool frsodubbe constianingnis, e ]'h]
uid medka acts 05 0 coupling agent o deliver
i sl Fesree bew bareaak ewvkee or jullwsgves bonwds
aaud diq‘rh:l? lmﬁ'hﬁ Frl:lll. llui- surdnee to wldch
they are attracted or attachied. Again, this offect i
very penetrating, reaching o ars which woukd
b insiccrssibile vsing other technigues. including
brusluirng sl wiping,

Ultrssonde poramcters mchading fregquency,
posver, and waneform ain be tisored 1o produce
a desined cenning effect. The diameter of the cn-
Hathon buibbles prodhsced inan ultrsonic Bebd is imerscly nelated
o the ultrmonic opency. As the uingemic ooy s
increged, the st of the senge andtation bubbde heoomes
sraller (Figure 2),

Smaller contation buldbles imploce with less force than b
er cnvitation bubbles, resulting in 8 more gentle deaning eoffio
it the higher requency. Although te effoct resailting from each
cunvitation bubble collapes diniinishes as frequency s neresed,
the: mumber of critation events increases as there are mon:
vibrations per umit of time. Smaller cavitation bubbles are also
miane ahike o penctrate imegular surfaces than the larger bubbles
prochuced at kewer frequencies. Provided the ingnt power i
maintuined constant, the total enengy deliversd by e anttution
el implosion events remalns constant as r|'|'|.|_|.l.-|l'.1. ts varien].

Larwer froquency ultrsonics in the nmge of 25 1o 40 kHe
prowiches thee most aggressive ovenal] cleasing in the widkest vari-
oty off ﬂ{]_[:l-l.hl.l:lll.'l.. The .l]ill:li.- al cndtadion irpbrsion fo
PETRNE YETY srnall [‘:I.I'Iill-.i ts, lerarrr, embumcnl o [[‘I_'lrl"l.‘ﬂ_"ﬂ"'-
of 65 kHz and higher, Partickes an the onder off sevemal micronms
and smaller by s do ol present encwigh surdace arca bo the
shock wanve, creuded by the implesion of a kanee cavitation bub-
b, for it to s enenngh energy to be sufficienthy displacesd for
rernonal. Tn acdition, there is a stagnant or “boundany” Lyer in
the biequied frmmesdintedy aciacent to the wetted surface whene cav-



