
(19) 

US 200602403 8 1A1 

(12) Patent Application Publication (10) Pub. No.: US 2006/0240381 A1 
United States 

Rizoiu et al. (43) Pub. Date: Oct. 26, 2006 

(54) FLUID CONDITIONING SYSTEM No. 09/256,697, ?led on Feb. 24, 1999, noW Pat. No. 
6,350,123, Which is a continuation-in-part of appli 

(75) Inventors: 10am M- Rizoiu, San Clemente, CA cation No. 08/985,513, ?led on Dec. 5, 1997, noW 
(US); H0del McRae, Laguna Beach, abandoned, Which is a continuation of application No. 
CA (US); Je?rey W- Jones, Robertson, 08/522,503, ?led on Aug. 31, 1995, noW Pat. No. 
WY (Us) 5,741,247. 

COrreSpOndenCe AddreSSI (60) Provisional application No. 60/645,427, ?led on Jan. 
Kenton R. Mullins 19, 2005. Provisional application No. 60/696,475, 
StOllt, UXa, Buyan & Mullins, LLP ?led on Jul. 1, 2005. Provisional application No. 
suite 300 60/709,714, ?led onAug. 19, 2005. Provisional appli 
4 Venture cation No. 60/535,110, ?led on Jan. 8, 2004. 
Irvine, CA 92618 (US) 

Publication Classi?cation 
(73) Assignee: Biolase Technology, Inc., San Clemente, 

CA (51) Int. Cl. 
A61C 17/02 (2006.01) 

(21) Appl- No: 11630388 (52) us. Cl. .............................................................. .. 433/80 

(22) Filed: Jan. 10, 2006 (57) ABSTRACT 

Related US Application Data A ?uid conditioning system is adapted to condition the ?uid 
used in medical and dental cutting, irrigating, evacuating, 

(60) Continuation-in-part of application No. 11/033,044, Cleaning, and drilling OPBIaIiOIIS- The ?uid may be Condi 
?led on Jan, 10, 2005, tioned by adding ?avors, antiseptics and/or tooth Whitening 
Continuation-in-part of application No, 10/435,325, agents such as peroxide, medications, and pigments. ln 
?led on May 9, 2003, which is a division of applica_ addition to the direct bene?ts obtained from introduction of 
tion No, 09/997,550, ?led on Nov, 27, 2001, now Pat, these agents, the laser cutting properties may be varied from 
No. 6,561,803, Which is a continuation of application I116 S616CIiV6 intrOduCtiOn Of I116 Various agents. 

118,? . CONTROLLER \ 

A1,? "8 H9 

SOURCE 
/ f2! [- - -- - --_._. _. _. 

FZUID CONDITION/N6 _- __ __ _ __ _ _1 LASER p. _| DELIVERY 

“if” L.__ J 1.82am 
WATER p 11,185 *I 116} ”7\ IS! F- E C TING 
SOURCE UNIT \ I 

\ ) 
H4 123 DENTAL/ INSTRUMENTS 

_MEDICAL 

l——~ UNIT 
VACUUM I‘ _' _ _ _ __ 

_. .I i __ DE L I VERY-l 
‘A55’? 1" '1 .sYsrEM ' 

m? L __ T _1 L __ _ _: 

128a 
\ ll‘m 

ELEC TRICJTV 

\ Ill 
H5 



US 2006/0240381 A1 

. \gxkawm 

at , .\ as. 1 l _ 

1... ||.. . ll . H. . 

3.32.... J 1 IT f I i l I I l I I “I >QW>~NNQ I I I I I I fl.‘ IIIIIL PlifiL4 I I I I I i I l III. .IFIII 

J W358. 

6 x V _ mwhss 

1",‘ I I .' l-I 

_ EEQWJ 7 I_ * 

P >Q§SSLTIL 5G3 Tl I . 1 P Q 

.11.. FtilL. .22: . - . Ill mega . . wkawEagwg .w?auviq?zmq I’L .. 5w 

5 

Patent Application Publication Oct. 26, 2006 Sheet 1 0f 10 



Patent Application Publication Oct. 26, 2006 Sheet 2 0f 10 US 2006/0240381 A1 

RESER V0 IR 

9/ 

COMB/NATION 
UNIT 

55 

\ 73 05 ER / 95 
$5 INPUT’ 





Patent Application Publication Oct. 26, 2006 Sheet 4 0f 10 US 2006/0240381 A1 

LASER f5! 
/55 

DEL/VERY .S'VSTEM l [ 

CONTROLLER 
TA RGET 

K5.5’ FLU/D 
ROUTER 

. \ 60 



Patent Application Publication Oct. 26, 2006 Sheet 5 0f 10 US 2006/0240381 A1 

573. 5a 



Patent Application Publication Oct. 26, 2006 Sheet 6 0f 10 US 2006/0240381 A1 

285 

289 —-" 16” 
_\ g 

“k 
| 
| 286 

291/ 3"] i 
II 
| ' ‘W253 



Patent Application Publication Oct. 26, 2006 Sheet 7 0f 10 US 2006/0240381 A1 

T 
(‘I E 

G R m 

\nllll 
w 

7) M 
E 

5 T. 

5 .h 3 ~’P/ 5 d y R E V 

a . R 
D E 

‘I U“ 

FD MW 

79 T 

N 

R w 

E 5 A. L 

i wig‘ 
Q9 

E9- 32! 
PRIOR’ A FT‘ 



Patent Application Publication Oct. 26, 2006 Sheet 8 0f 10 US 2006/0240381 A1 



Patent Application Publication Oct. 26, 2006 Sheet 9 0f 10 US 2006/0240381 A1 

(376 3/3! 
I FLUID PARTICLE 
6 SIZE / 382 

@ AVG POWER / 
f) FLUID PARTICLE / 

"LOCIT ’ 
3 79- V’; 7' Q REPETITIDN RATE. 

acme ANGLE 
3 50'” 6) H558’ SELECTOR 
/ 553 

j, 77 

579- #1 

r 

PARTICLE i ,3 
SIZE. i 

. t {52 
Ii: M 
ll:iilullllllLillliililllI111 

PRESSURE 

PARTICLE I 
VELOCITY 

lillll! 
llJLjlLllllll'llll 

PRESSURE 



Patent Application Publication Oct. 26, 2006 Sheet 10 0f 10 

/- TARGET 

if’. / -~ -_-» \ . ‘Fig/é 

US 2006/0240381 A1 

‘107 

TARGET 

TARG ET 



US 2006/0240381 A1 

FLUID CONDITIONING SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/645,427 (Att. Docket 
BI9694CIPPR), ?led Jan. 19, 2005 and entitled FLUID 
CONDITIONING SYSTEM, US. Provisional Application 
No. 60/696,475 (Att. Docket BI9903PR), ?led Jul. 1, 2005 
and entitled FLUID CONDITIONING SYSTEM, and US. 
Provisional Application No. 60/709,714 (Att. Docket 
BI9914PR), ?led Aug. 19, 2005 and entitled FLUID CON 
DITIONING SYSTEM, the entire contents of all Which are 
expressly incorporated herein by reference. 

[0002] This application is a continuation-in-part of US. 
application Ser. No. 11/033,044 (Att. Docket BI9694P), ?led 
Jan. 10, 2005 and entitled FLUID CONDITIONING SYS 
TEM, the entire contents of Which are expressly incorpo 
rated herein by reference. US. application Ser. No. 11/033, 
044 claims the bene?t of the above-referenced US. 
Provisional Application No. 60/ 535,110. This application is 
also a continuation-in-part of US. application Ser. No. 
10/435,325 (Att. Docket BI9002CNCPCNDIV), ?led May 
9, 2003 and entitled FLUID CONDITIONING SYSTEM, 
Which is a divisional of US. application Ser. No. 09/997,550 
(Att. Docket BI9002CNCPCN), ?led Nov. 27, 2001 and 
entitled FLUID CONDITIONING SYSTEM, issued as US. 
Pat. No. 6,561,803, Which is a continuation of US. appli 
cation Ser. No. 09/256,697 (Att. Docket BI9002CONCIP), 
?led Feb. 24, 1999 and entitled FLUID CONDITIONING 
SYSTEM, issued as US. Pat. No. 6,350,123, Which is a 
continuation-in-part of US. application Ser. No. 08/ 985,513 
(Att. Docket BI9001 CON), ?led Dec. 5, 1997 and entitled 
FLUID PARTICLES FOR ELECTROMAGNETICALLY 
INDUCED CUTTING, noW abandoned, Which is a continu 
ation of US. application Ser. No. 08/522,503 (Att. Docket 
BI9001P), ?led Aug. 31, 1995 and entitled ATOMIZED 
FLUID PARTICLES FOR ELECTROMAGNETICALLY 
INDUCED CUTTING, issued as US. Pat. No. 5,741,247, 
the entire contents of all Which are expressly incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates generally to medical 
cutting, irrigating, evacuating, cleaning, and drilling tech 
niques and, more particularly to a device for cutting both 
hard and soft materials and a system for introducing condi 
tioned ?uids into the cutting, irrigating, evacuating, clean 
ing, and drilling techniques. 

[0005] 2. Description of Related Art 

[0006] A prior art dental/medical Work station 11 is shoWn 
in FIG. 1. Avacuum line 12 and an air supply line 13 supply 
negative and positive pressures, respectively. AWater supply 
line 14 and an electrical outlet 15 supply Water and poWer, 
respectively. The vacuum line 12, the air supply line 13, the 
Water supply line 14, and the electrical outlet 15 are all 
connected to the dental/medical (e.g., dental or medical) unit 
16. 

[0007] The dental/medical unit 16 may comprise a dental 
seat or an operating table, a sink, an overhead light, and 
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other conventional equipment used in dental and medical 
procedures. The dental/medical unit 16 may provide, for 
example, Water, air, vacuum and/or poWer to instruments 17. 
These instruments may include, for example, an electrocau 
teriZer, an electromagnetic energy source, a sonic or ultra 
sonic source, a mechanical or electrical drill, a mechanical 
saW, a canal ?nder, a syringe, an irrigator and/or an evacu 
ator. Various other types, combinations, and con?gurations 
of dental/medical units 16 and subcomponents implement 
ing, for example, an electromagnetic energy device operat 
ing With a spray, have also existed in the prior art, many or 
most of Which may have equal applicability to the present 
invention. 

[0008] The electromagnetic energy source is typically a 
laser device coupled With a delivery system. The laser 
device 1811 and delivery system 1911, both shoWn in phan 
tom, as Well as any of the above-mentioned instruments, 
may be connected directly to the dental/medical unit 16. 
Alternatively, the laser device 18b and delivery system 19b, 
both shoWn in phantom, may be connected directly to the 
Water supply line 14, the air supply line 13, and the electric 
outlet 15. The mentioned and other instruments 17 may be 
connected directly to any of the vacuum line 12, the air 
supply line 13, the Water supply line 14, and/or the electrical 
outlet 15. 

[0009] The laser device 18 and delivery system 19 may 
typically comprise an electromagnetic cutter for dental or 
medical use, although a variety of other types of electro 
magnetic energy devices operating With ?uids (e.g., jets, 
sprays, mists, or nebuliZers) may also be used. An example 
of one of many varying types of conventional prior art 
electromagnetic cutters is shoWn in FIG. 2. According to 
this example of a prior art apparatus, a ?ber guide tube 30, 
a Water line 31, an air line 32, and an air knife line 33 (Which 
supplies pressurized air) may be fed from the dental/medical 
unit 16 into a hand-held apparatus 34. A cap 35 ?ts onto the 
hand-held apparatus 34 and is secured via threads 36. The 
?ber guide tube 30 abuts Within a cylindrical metal piece 37. 
Another cylindrical metal piece 38 is a part of the cap 35. 
When the cap 35 is threaded onto the hand-held device 34, 
the tWo cylindrical metal tubes 37 and 38 are moved into 
very close proximity of one another. The pressurized air 
from the air knife line 33 surrounds and cools a laser beam 
produced by the laser device as the laser bridges a gap or 
interface betWeen the tWo metal cylindrical objects 37 and 
38. Air from the air knife line 33 ?oWs out of the tWo 
exhausts 39 and 41 after cooling the interface betWeen the 
tWo metal cylindrical objects 37 and 38. 

[0010] Energy from the laser device exits from a ?ber 
guide tube 42 and is applied to a target surface of a 
treatment/ surgical site, Which can be Within a patient’s 
mouth, for example, according to a predetermined surgical 
plan. Water from the Water line 31 and pressuriZed air from 
the air line 32 are forced into the mixing chamber 43 
Wherein an air and Water mixture is formed. The air and 
Water mixture is very turbulent in the mixing chamber 43, 
and exits the mixing chamber 43 through a mesh screen With 
small holes 44. The air and Water mixture travels along the 
outside of the ?ber guide tube 42, and then leaves the tube 
42 and contacts the area of surgery. The air and Water spray 
coming from the tip of the ?ber guide tube 42 helps to cool 
the target surface being cut and to remove materials cut by 
the laser. 
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[0011] Water is generally used in a variety of laser cutting 
operations in order to cool the target surface. Additionally, 
Water is used in mechanical drilling operations for cooling 
the target surface and for removing cut or drilled materials 
therefrom. Many prior art cutting or drilling systems use a 
combination of air and Water, commonly combined to form 
a light mist, for cooling a target surface and/or removing cut 
materials from the target surface. 

[0012] The use of Water in these and other prior art 
systems has been someWhat successful for purposes of, for 
example, cooling a target surface or removing debris there 
from. These prior art uses of Water in cutting and drilling 
operations, hoWever, may not have alloWed for versatility, 
outside of, for example, the tWo functions of cooling and 
removing debris. In particular, medication treatments, pre 
ventative measure applications, and aesthetically pleasing 
substances, such as ?avors or aromas, may have not been 
possible or used during cutting or drilling operations, includ 
ing those using systems With Water, for example, for cooling 
or removing debris from a target surface. A conventional 
drilling operation may bene?t from the use of an anesthetic 
near the drilling operation, for example, but during this 
conventional drilling operation only Water and/or air are 
often used. In the case of a laser cutting operation, a 
disinfectant, such as iodine, could be applied to the target 
surface during drilling to guard against infection, but this 
additional disinfectant may not be commonly applied during 
such laser cutting operations. In the case of an oral drilling, 
cutting, or therapy operation, unpleasant tastes or odors, 
Which may be unpleasing to the patient, may be generated. 
The common use of only Water during this oral procedure 
does not mask the undesirable taste or odor. A need has thus 
existed in the prior art for versatility of applications and of 
treatments during drilling and cutting procedures. 

[0013] Compressed gases, pressurized air, and electrical 
motors are commonly used to provide a driving force for 
mechanical cutting instruments, such as drills, in dentistry 
and medicine. The compressed gases and pressurized Water 
are subsequently ejected into the atmosphere in close prox 
imity to or inside of the patient’s mouth and/or nose or any 
other treatment/surgical site. The same holds true for elec 
trically driven turbines When a cooling spray (air and Water) 
is typically ejected into the patient’s mouth, as Well. These 
ejected ?uids commonly contain vaporous elements of tissue 
fragments, burnt ?esh, and ablated or drilled tissue. The odor 
of these vaporous elements can be quite uncomfortable for 
the patient, and can increase trauma experienced by the 
patient during treatment, drilling, or cutting procedures. In 
such drilling or cutting procedures, a mechanism for mask 
ing smells and odors generated from the cutting or drilling 
may be advantageous. 

[0014] Another problem exists in the prior art With bac 
teria groWth on surfaces Within dental or surgical operating 
rooms. Interior surfaces of air, vacuum, and Water lines of a 
dental/medical unit, for example, are subject to bacteria 
groWth. In Water lines, the bacterial groWth is part of the 
bio?lm that may form on an inside of tubing forming a Water 
line. Additionally, the air and Water used to cool the tissue 
being cut or drilled Within a patient’s mouth are often 
vaporized into air above a tissue target to some degree or are 
projected onto a target surface. This vaporized air and Water 
together With projected ?uid may condense onto a surface of 
exposed tissue as Well as onto the dental/medical equipment 
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proximal to the treatment site. These surfaces typically are 
moist, a condition that can promote bacteria groWth, Which 
is undesirable. A system for reducing the bacteria groWth 
Within air, vacuum, and Water lines, and for reducing the 
bacteria groWth resulting from condensation on exterior 
surfaces (e.g., instruments, devices, or tissue), is needed to 
reduce sources of contamination of the treatment site as Well 
as contamination of equipment adjacent to the treatment area 
Within a dental/surgical operating room. 

SUMMARY OF THE INVENTION 

[0015] An embodiment of the present invention comprises 
a ?uid conditioning system adaptable to existing medical 
and dental apparatuses, including those used for cutting, 
irrigating, evacuating, cleaning, drilling, and therapeutic 
procedures. The ?uid conditioning system may employ 
?avored ?uid in place of or in addition to regular tap Water 
or other types of Water (e.g., distilled Water, deionized Water, 
sterile Water, or Water With a controlled number of colony 
forming units (CFU) per milliliter, and the like), during 
various clinical operations. In an exemplary case of a laser 
surgical operation, electromagnetic energy is focused in a 
direction of tissue to be cut or treated, and a ?uid router 
routes ?avored ?uid in the same direction. The ?avored 
?uid, Which may appeal to the taste buds of a patient 
undergoing the surgical operation, may include any of a 
variety of ?avors, such as a fruit ?avor or a mint ?avor. In 
procedures employing a mist or air spray, scented air may be 
used to mask a smell of burnt or drilled tissue. The scent may 
function as an air freshener, even for operations outside of 
dental applications. 

[0016] Conditioned ?uids may be used for hydrating and 
cooling a surgical site and/or for removing tissue. The 
conditioned ?uids may include an ionized solution, such as 
a biocompatible saline solution, and may further include 
?uids having predetermined densities, speci?c gravities, pH 
levels, viscosities, or temperatures, relative to conventional 
tap Water or other types of Water. Additionally, the condi 
tioned ?uids may include a medication, such as an antibiotic, 
a steroid, an anesthetic, an anti-in?ammatory, an antiseptic 
or disinfectant (e.g., antibacterial or antiseptic), adrenaline, 
epinephrine, or an astringent. A typical conditioned ?uid 
may also include vitamins (e.g., vitamin C (ascorbic acid), 
vitamin E, vitamin B-l (thiamin), B-2 (ribo?avin), B-3 (nia 
cin), B-5 (pantothenic acid), B-6 (pyridoxal, pyridoxamine, 
pyridoxine), B-l2 (cobalamine), biotin or B complex, bio?a 
vonoids, folic acid, vitamin A, vitamin D, vitamin K), aloe 
vera, a natural anti-in?ammatory, antioxidant or anti-hista 
mine remedy and other such ingredients and solutions, 
herbs, remedies or minerals. Still further, the conditioned 
?uid may include a tooth-Whitening agent that is adapted to 
Whiten teeth of patients. The tooth-Whitening agent may 
comprise, for example, a peroxide, such as hydrogen per 
oxide, urea peroxide, or carbamide peroxide, or any other 
Whitening agent. The tooth-Whitening agent may have a 
viscosity on an order of about 1 to 15 centipoises (cps). In 
other embodiments, ?uid conditioning agents additionally 
may comprise anticaries, antiplaque, antigingivitis, and/or 
antitartar agents in ?uid or solid (i.e., tablet) form. 

[0017] Introduction of any of the above-mentioned con 
ditioning agents to conventional ?uid such as tap Water (or 
other types of Water such as distilled Water, deionized Water, 
sterile Water, or Water With a controlled number of CFU/ml, 
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and the like) used in a cutting, drilling, or therapeutic 
operation may be controlled by a user input. Thus, for 
example, a user may adjust a knob or apply pressure to a foot 
pedal in order to introduce iodine into Water before, during 
(continuously or intermittently), or after a cutting operation 
(including ablation or vaporization) has been performed. An 
amount of conditioning may be applied to air, ?uid (e.g., 
Water), and/or jet, spray, mist, nebuliZer mist or any other 
type of such sprays as a function of a position of the foot 
pedal, for example. A pre-measured or pre-mixed dose of 
conditioning agents may be introduced via a cartridge 
according to an embodiment of the present invention. In 
another embodiment, a cartridge is provided that Will mix an 
appropriate dose of conditioning agent(s) prior to or during 
a procedure. The cartridge can be implemented, alone or as 
part of a ?uid delivery system, at any location in a path of 
a ?uid source or lines or along an air line or at an air source. 

The cartridge can also be part of a separate ?uid delivery 
system that provides, for example, sterile and non-sterile 
?uids to a handpiece (dental, medical regular or medical 
endoscopic). 
[0018] According to one broad aspect of the present 
invention, an apparatus using conditioned ?uid to treat a 
target (e.g., a tissue target), comprises a ?uid output pointed 
in a general direction of an interaction region (e.g., interac 
tion Zone), the ?uid output being constructed to place 
conditioned ?uid (e.g., conditioned ?uid particles) into the 
interaction region, the interaction region being de?ned at a 
location (e.g., volume) adjacent to (e.g., on, or if interaction 
Zone above) the target and the conditioned ?uid being 
compatible With the target, and further comprises an elec 
tromagnetic energy source pointed in a direction of the 
interaction region, the electromagnetic energy source being 
constructed to deliver into the interaction region a concen 
tration (e.g., a peak concentration) of electromagnetic 
energy (e.g., that is greater than a concentration of electro 
magnetic energy delivered onto the target), the electromag 
netic energy having a Wavelength Which is substantially 
absorbed by the conditioned ?uid in the interaction region, 
Wherein the absorption of the electromagnetic energy by the 
conditioned ?uid energiZes the ?uid (e. g., causes the ?uid to 
expand) and Wherein disruptive forces are imparted onto the 
target. 
[0019] The ?uid output can be con?gured to generate a 
spray (e.g., jet, mist, or nebuliZer mist) of atomiZed particles 
for placement into a volume of air above the tissue to be cut, 
and electromagnetic energy from the electromagnetic energy 
source, for example, a laser beam generated by a laser 
device, can be focused into the volume of air. The electro 
magnetic energy has a Wavelength, 7», Which may be chosen 
so that the electromagnetic energy is substantially (e.g., 
highly) absorbed by the atomiZed particles in the volume of 
air. In certain implementations, absorption of the electro 
magnetic energy by the atomiZed ?uid particles causes the 
atomiZed ?uid particles to expand, explode and/or to other 
Wise impart disruptive/removing (e.g., mechanical) forces 
(e.g., cutting) onto the tissue. In certain implementations, 
absorption of the electromagnetic energy by the atomiZed 
particles causes the atomiZed particles to expand or explode 
and disruptive/removing cutting forces are imparted onto the 
tissue. The expanding or exploding can cause an effect, 
Whereby, at least to some extent, the electromagnetic energy 
does not directly cut the tissue but, rather, or additionally, 
expanding or exploding ?uid and ?uid particles are used, at 
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least in part, to disrupt and/or cut the tissue. In other 
embodiments, exploding atomiZed ?uid particles may not 
affect at all, or may affect a percentage but not all of, the 
cutting of tissue. Examples of such embodiments are dis 
closed in Us. application Ser. No. 11/033,032, ?led Jan. 10, 
2005 and entitled ELECTROMAGNETIC ENERGY DIS 
TRIBUTIONS FOR ELECTROMAGNETICALLY 
INDUCED DISRUPTIVE CUTTING, the entire contents of 
Which are incorporated herein by reference to the extent 
compatible and not mutually exclusive. The atomiZed ?uid 
particles may be formed from ?uid conditioned With ?avors, 
scents, ioniZation, medications, disinfectants (e.g., antibac 
terial agents and antiseptics), and other agents such as 
anticaries, antiplaque, antigingivitis, and antitartar agents in 
?uid or solid (tablet) form, as previously mentioned. 

[0020] Since the electromagnetic energy is focused 
directly on the atomiZed, conditioned ?uid particles, the 
disruptive/cutting forces may be affected by the conditioning 
of the atomiZed ?uid particles. An e?iciency of disruptive 
and/or cutting can be related (e.g., proportional) to an 
absorption of the electromagnetic energy by the ?uid (e.g., 
atomiZed ?uid particles). Characteristics of the absorption 
can be modi?ed by changing a composition of the ?uid. For 
example, introduction of a salt into the ?uid (e.g., Water) 
before atomiZation, thereby creating an ioniZed solution, 
may cause changes in absorption -resulting in cutting prop 
erties different from those associated With regular Water. 
These different cutting properties, Which may be associated 
With changes in cutting poWer, may be desirable. A poWer 
level of the laser beam may be adjusted to compensate for 
the ioniZed ?uid particles. Additionally, cutting poWer may 
be controlled by pigmenting the atomiZed ?uid particles or 
by forming (e.g., mixing) the atomiZed ?uid particles at least 
in part of (e.g., With) carbonated ?uid to either enhance or 
retard absorption of the electromagnetic energy. For 
example, tWo sources of ?uid may be used, With one of the 
sources producing ?uid containing a pigment or any other 
particles (e.g., gas from the carbon or other solid particles) 
and the other producing a ?uid not having a pigment or any 
other particles (e.g., gas from carbon or other solid par 
ticles). 
[0021] Another feature of the present invention places a 
disinfectant into air, spray, mist, nebuliZer mist, jet, or Water 
used for dental or surgical applications. This disinfectant can 
be periodically routed through air, mist, or ?uid (e.g., Water) 
lines to disinfect interior surfaces of these lines. This routing 
of disinfectant (e. g., antibacterial or antiseptic agents) can be 
performed, for example, in the context of laser or other 
treatment or cutting procedures, before or during (continu 
ously or intermittently) procedures, betWeen patient proce 
dures, daily, or at any other predetermined intervals. For 
example, in certain instances the disinfectant may be applied 
(e.g., to the target surface) before, during (continuously or 
intermittently), or immediately folloWing patient proce 
dures. The disinfectant (e.g., antibacterial or antiseptic 
agents) may consist of or include one or more of chlorine 

dioxide, stable chlorine dioxide, sodium chlorite (NaClO2), 
peroxide, hydrogen peroxide, alkaline peroxides, iodine, 
providone iodine, peracetic acid, acetic acid, chlorite, 
sodium hypochlorite, citric acid, chlorhexidine gluconate, 
silver ions, copper ions, equivalents thereof, and combina 
tions thereof. 
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[0022] In accordance With another aspect, disinfectant, 
such as a liquid in the form of mouthwash, may be used, for 
example, before, during (continuously or intermittently), or 
after procedures to decontaminate (e.g., provide an anti 
microbial e?fect Within) a surgical tissue site, Which can be 
Within a mouth of a patient. The disinfectant also may be 
used to clean tubes, Which may be referred to as lines, that 
supply air and/or ?uid as already described. The disinfectant 
may comprise, for example, sodium chlorite (NaClO2), 
chlorine dioxide, or stable chlorine dioxide alone or in 
combination With ions, such as silver ions. In other embodi 
ments, the disinfectant may comprise, for example, ions, 
such as silver, copper, or other ions. 

[0023] According to another feature of the present inven 
tion, When disinfectant is routed through the lines before, 
during, and/or after a medical procedure, the disinfectant 
stays With the Water or mist, as the Water or mist becomes 
airborne and settles (i.e., condenses) on a target tissue site or 
on surrounding surfaces, Which may include adjacent equip 
ment Within a dental/medical operating room. Bacteria 
groWth Within the lines, and from the condensation, is 
thereby signi?cantly attenuated, since the disinfectant kills, 
stops and/or retards bacteria groWth inside ?uid (e. g., Water) 
lines and/or on any moist surfaces. 

[0024] The present invention, together With additional 
features and advantages thereof, may best be understood by 
reference to the folloWing description taken in connection 
With the accompanying illustrative draWings. 

[0025] Any feature or combination of features described 
herein are included Within the scope of the present invention 
provided that the features included in any such combination 
are not mutually inconsistent as Will be apparent from the 
context, this speci?cation, and the knowledge of one of 
ordinary skill in the art. 

[0026] Additional advantages and aspects of the present 
invention are apparent in the folloWing detailed description 
and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 illustrates a conventional dental/medical 
Work station; 

[0028] FIG. 2 is an example of one of many types of 
conventional optical cutter apparatuses; 

[0029] FIG. 3 illustrates a dental/medical Work station 
according to an embodiment of the present invention; 

[0030] FIG. 4 is a schematic block diagram illustrating an 
electromagnetically induced disruptive cutter using condi 
tioned ?uid, according to one embodiment of the present 
invention; 

[0031] FIG. 5a illustrates one embodiment of an electro 
magnetically induced disruptive cutter of the present inven 
tion; 

[0032] FIG. 5b illustrates another embodiment of an elec 
tromagnetically induced disruptive cutter of the present 
invention; 

[0033] FIG. 6a illustrates a mechanical drilling apparatus 
according to an implementation of the present invention; 

Oct. 26, 2006 

[0034] FIG. 6b illustrates a syringe according to an imple 
mentation of the present invention; 

[0035] FIG. 7 illustrates a ?uid conditioning system 
according to an embodiment of the present invention; 

[0036] FIG. 8 illustrates one embodiment of a ?uid con 
ditioning unit according to the present invention; 

[0037] FIG. 9 illustrates an air conditioning unit accord 
ing to an embodiment of the present invention; 

[0038] FIG. 10 is a schematic block diagram illustrating 
an electromagnetically induced disruptive cutter according 
to an embodiment of the present invention; 

[0039] FIG. 11 is an optical cutter having a focusing optic 
in accordance With an embodiment of the present invention; 

[0040] FIG. 12 illustrates a control panel for program 
ming a combination of atomiZed ?uid particles according to 
an illustrative embodiment of the present invention; 

[0041] FIG. 13 is a plot of particle siZe versus ?uid 
pressure in accordance With one implementation of the 
present invention; 

[0042] FIG. 14 is a plot of particle velocity versus ?uid 
pressure in accordance With one implementation of the 
present invention; 

[0043] FIG. 15 is a schematic diagram illustrating a ?uid 
particle, a laser beam, and a target surface according to an 
embodiment of the present invention; 

[0044] FIG. 16 is a schematic diagram illustrating an 
“explosive grenade” e?‘ect according to an embodiment of 
the present invention; 

[0045] FIG. 17 is a schematic diagram illustrating an 
“explosive ejection” e?‘ect according to an embodiment of 
the present invention; 

[0046] FIG. 18 is a schematic diagram illustrating an 
“explosive propulsion” e?fect according to an embodiment 
of the present invention; 

[0047] FIG. 19 is a schematic diagram illustrating a 
combination of FIGS. 16-18; 

[0048] FIG. 20 is a schematic diagram illustrating the 
“cleanness” of cut obtained by the present invention; and 

[0049] FIG. 21 is a schematic diagram illustrating the 
roughness of cut obtained by prior art systems. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0050] An embodiment of a dental/medical Work station 
111 according to the present invention is shoWn in FIG. 3. 
Elements similar to those shoWn in FIG. 1 are preceded by 
a “l”. The illustrated embodiment of the dental/medical 
Work station 111 comprises a conventional air line 113 and 
a conventional biocompatible ?uid (e.g., Water) line 114 for 
supplying air and Water, respectively. As used herein, the 
term “Water” is intended to encompass various modi?ed 
embodiments of biocompatible ?uids such as distilled Water, 
deioniZed Water, sterile Water, tap Water, carbonated Water, 
and/or ?uid (e.g., Water) that has a controlled number of 
colony forming units (CFU) per milliliter for a bacterial 
count, and the like. For instance, drinking Water is often 
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chemically treated to contain no more than 500 CFU/ml and 
in some cases betWeen 100 and 200 CFU/ml or even less, 
such as betWeen 25 and 100 CFU/ml. The embodiment 
shown in FIG. 3 further comprises a vacuum line 112, an 
electrical outlet 115, and a dental/medical unit 116. The 
vacuum line 112 and electrical outlet 115 may supply, 
respectively, negative air pressure and electricity to the 
dental/medical (e.g., dental or medical) unit 116, providing 
functionality similar to that provided by the vacuum line 12 
and electrical outlet 15 shoWn in FIG. 1. The embodiment 
still further can comprise a ?uid conditioning unit 121 and 
instruments 117. The ?uid conditioning unit 121 is typically 
placed betWeen the dental/medical unit 116 and the instru 
ments 117, but may in other embodiments be placed (1) at, 
on or in the dental/medical unit 116, (2) upstream of the 
dental/medical unit 116, (3) doWnstream of the dental/ 
medical unit 116, or (4) at, on or in one or more of the 
instruments 117, lasers 118/118a or delivery systems 119/ 
11911. According to exemplary implementations of the 
present invention, one or more of the air line 113 and the 
biocompatible ?uid (e.g., Water) line 114 may be provided 
and ?uid conditioning may be introduced into one or more 
of the provided lines 113 and 114. The line or lines to be 
provided With ?uid conditioning may connect to a ?uid 
conditioning unit 121 and/or may be provided With ?uid 
conditioning using any other structure or method disclosed 
herein, such as a ?uid-conditioning cartridge being coupled 
to the line or lines to thereby condition ?uid passing through 
the line(s). 
[0051] The embodiment likeWise can comprise a control 
ler 125 that may be con?gured to accept user inputs, Which 
may control Whether air from the air line 113, Water from the 
biocompatible ?uid (e.g., Water) line 114, or both, are 
conditioned by the ?uid conditioning unit 121. As used 
herein, mentions of air and/ or Water are intended to encom 
pass various modi?ed embodiments of the invention, includ 
ing various biocompatible ?uids used With or Without the air 
and/or Water, and including equivalents, substitutions, addi 
tives, or permutations thereof. For instance, in certain modi 
?ed embodiments other biocompatible ?uids may be used 
instead of air and/or Water. A variety of agents may be 
applied to the air or Water by the ?uid conditioning unit 121, 
according to a con?guration of the controller 125, for 
example, to thereby condition the air or Water, before the air 
or Water is output to the dental/medical unit 116. In one 
embodiment the air can be supplied from a nitrogen source 
instead of a regular air line. Flavoring agents and related 
substances, for example, may be used, as disclosed in 21 
C.F.R. Sections 172.510 and 172.515, details of Which are 
incorporated herein by reference. Colors, for example, may 
also be used for conditioning, such as disclosed in 21 C.F.R. 
Section 73.1 to Section 73.3126, details of Which are incor 
porated herein by reference. 
[0052] Similarly to the instruments 17 shoWn in FIG. 1, 
the instruments 117 may comprise an electrocauteriZer, an 
electromagnetic energy source, for example, a laser device, 
a mechanical drill, a sonic/ultrasonic device, a mechanical 
saW, a canal ?nder, a syringe, an irrigator and/or an evacu 
ator. The above instruments may be incorporated in a 
handpiece or an endoscope. All of these instruments 117 use 
air from the air line 113 and/or ?uid (e.g., Water) from the 
biocompatible ?uid line 114. The biocompatible ?uid may or 
may not be conditioned depending on the con?guration of 
the controller 125. Any of the instruments 117 may altema 

Oct. 26, 2006 

tively be connected directly to the ?uid conditioning unit 
121 or directly to any of the air line 113, biocompatible ?uid 
line 114, vacuum line 112, and/or electrical outlet 115. The 
illustrated embodiment may comprise, for example, a laser 
device 118 and a delivery system 119 as shoWn in phantom 
connected to the ?uid conditioning unit 121. The embodi 
ment further may comprise an alternative laser device 118a 
and an alternative delivery system 11911 that may be con 
nected to the dental/medical unit 116 instead of being 
grouped With the instruments 117. Any of the instruments 
117 may be connected directly to any or all of the vacuum 
line 112, the air line 113, the biocompatible ?uid line 114 
and the electrical outlet 115 and may have, for example, an 
independent ?uid conditioning unit (e.g., in the form of a 
cartridge that intercepts and conditions ?uid from one or 
more of the air line 113 and the biocompatible ?uid line 
114). Instead or additionally, any of these instruments 117 
may be connected to the dental/medical unit 116 or the ?uid 
conditioning unit 121, or both. 

[0053] A block diagram shoWn in FIG. 4 illustrates an 
exemplary embodiment of a laser device 51 that may be 
directly coupled With, for example, the air line 113 or With 
a line supplying another gas such as nitrogen, biocompatible 
?uid line 114, and electrical outlet 115 of FIG. 3. A separate 
?uid conditioning system is used in the embodiment illus 
trated in FIG. 4. 

[0054] According to the exemplary embodiment shoWn in 
FIG. 4, an electromagnetically induced disruptive (e.g., 
mechanical) cutter is used for cutting and/or coagulation. 
The laser device 51 (i.e. an electromagnetic cutter energy 
source) is connected directly to the electrical outlet 115 
(FIG. 3), and is coupled to both a controller 53 and a 
delivery system 55. The delivery system 55 routes and 
focuses a laser beam produced by the laser device 51. 
According to methods associated With a conventional laser 
system, thermal cutting forces may be imparted onto a target 
57 by the laser beam. In contrast, the delivery system 55 of 
the present invention can comprise a ?beroptic energy guide 
for routing the laser beam into an interaction Zone 59, 
located above a surface of the target 57. The exemplary 
embodiment of FIG. 4 further includes a ?uid router 60 that 
may comprise an atomiZer for delivering for example user 
speci?ed combinations of atomiZed ?uid particles into the 
interaction Zone 59 continuously or intermittently. The 
atomiZed ?uid particles and/or spray, jet, mist or nebuliZer 
mist) ?uids, Which may absorb energy from the laser beam, 
thereby generating disruptive (e.g., cutting) forces as 
described beloW, may be conditioned, according to the 
present invention, and may comprise ?avors, scents, medi 
cated substances, disinfectant (e.g., antibacterial or antisep 
tic agents), saline, tooth-Whitening agents, pigment particles 
or other gaseous or solid particles (e.g., bio-ceramics, bio 
glass, medical grade polymers, pyrolitic carbon, encapsu 
lated Water based gels, particles or Water based gel particles 
encapsulated into microspheres or micropar‘ticles) and other 
actions or agents such as anticaries, antiplaque, antigingivi 
tis, and antitar‘tar agents in ?uid or solid (e.g., tablet) form, 
as described beloW. 

[0055] The delivery system 55 may include a ?beroptic 
energy guide or equivalent that attaches to the laser device 
51 and travels to a desired Work site. The ?beroptic energy 
guide (or Waveguide) typically is long, thin and lightWeight, 
and is easily manipulated. The ?beroptic energy guides can 
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be made of calcium ?uoride (CaF), calcium oxide (CaOZ), 
Zirconium oxide (ZrOZ), Zirconium ?uoride (ZrF), sapphire, 
hollow Waveguide, liquid core, TeX glass, quartz silica, 
germanium sul?de, arsenic sul?de, germanium oxide 
(GeOZ), and other materials. Other implementations of the 
delivery system 55 may include devices comprising mirrors, 
lenses and other optical components Whereby the laser beam 
travels through a cavity, is directed by various mirrors, and 
is focused onto the targeted tissue site With speci?c lenses. 

[0056] A stream or mist of conditioned ?uid may be 
supplied by the ?uid router 60. The controller 53 may 
control the conditioning of the ?uid from the ?uid router 60 
and speci?c characteristics of the ?uid from the ?uid router 
60, as Well as various operating parameters of the laser 
device 51. 

[0057] Although the present invention may be used With 
conventional devices and instruments such as: drills and 
lasers, for example, an illustrative embodiment includes the 
above-mentioned electromagnetically induced disruptive 
cutter. Other embodiments include an electrocauteriZer, 
sonic/ultrasonic device, a syringe, an irrigator, an evacuator, 
or any air or electrical driver, drilling, ?lling, or cleaning 
mechanical instrument. 

[0058] FIG. 10 is a block diagram, similar to FIG. 4 as 
discussed above, illustrating one electromagnetically 
induced disruptive cutter of the present invention. The block 
diagram may be identical to that disclosed in FIG. 4 except 
that the ?uid router 60 may not be necessary. As shoWn in 
FIG. 10, an electromagnetic energy source, for example, a 
laser device 351, Which may produce a laser beam 350 
(FIGS. 15-18) is coupled to both a controller 353 and a 
delivery system 355. The delivery system 355 imparts 
disruptive and/or cutting forces onto a target surface 357. In 
one implementation, the delivery system 355 comprises a 
?beroptic guide 23 (FIG. 5b, infra) for routing the laser 
beam 350 through an optional interaction Zone 359 and 
toWard the target surface 357. 

[0059] Referring to FIG. 11, an optical cutter according to 
one aspect of the present invention is shoWn, comprising, for 
example, many conventional elements found in the prior-art 
electromagnetic cutter illustrated in FIG. 2. The illustrated 
embodiment comprises a ?rst ?ber guide tube 205 that abuts 
Within a cylindrical metal object 219. The ?rst ?ber guide 
tube 205 normally carries laser energy in a typical operating 
mode. The embodiment further comprises a cap 231, a 
portion of Which comprises another cylindrical metal object 
221. The optical cutter illustrated in FIG. 11 comprises a 
focusing optic 235 disposed betWeen the tWo metal cylin 
drical objects 219 and 221. The focusing optic 235 prevents 
undesired dissipation of laser energy from the ?rst ?ber 
guide tube 205. Although shoWn coupling the ?rst ?ber 
guide tube 205 With a second ?ber guide tube 223 With the 
?rst and second ?ber guide tubes 205 and 223 having optical 
axes disposed in a straight line, the focusing optic 235 may 
be implemented/modi?ed in other embodiments. For 
example, the focusing optic 235 may be employed to couple 
?ber guide tubes having non-parallel optical axes (e.g., tWo 
?ber guide tubes having perpendicularly aligned optical 
axes). According to another embodiment, the focusing optic 
235 may facilitate rotation of one or both of tWo ?ber guide 
tubes about their respective optical axes. Yet another 
embodiment of the focusing optic 235 may comprise one or 
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more of a mirror, a pentaprism, and/or other light directing 
or transmitting media. Speci?cally, laser energy from the 
?rst ?ber guide tube 205 dissipates slightly before being 
focused by the focusing optic 235. The focusing optic 235 
focuses laser energy from the ?rst ?ber guide tube 205 into 
the second ?ber guide tube 223. E?icient transfer of laser 
energy from the ?rst ?ber guide tube 205 to the second ?ber 
guide tube 223 may vitiate any need for the conventional air 
knife cooling system 33, 39, 41 of FIG. 2, because inclusion 
of the focusing optic 235 may result in dissipation of less 
laser energy than may occur in the absence of a focusing 
optic. The ?rst ?ber guide tube 205 typically comprises a 
trunk ?beroptic, Which can comprise any of the above-noted 
?beroptic materials. In modi?ed embodiments, any aspect of 
the present invention, in addition to being combinable With 
the embodiment of FIG. 11, may be combined With a 
structure of a type illustrated in FIG. 2 and various modi 
?cations and equivalents thereof. 

[0060] Intense energy may be emitted from the ?beroptic 
guide 223 as can be generated from a coherent source, such 
as a laser device. In an illustrative embodiment, the laser 
device comprises an erbium, chromium, yttrium, scandium, 
gallium garnet (Er, CrzYSGG) solid state laser device, Which 
generates light having a Wavelength in a range of 2.70 to 
2.80 pm. As presently embodied, this laser device has a 
Wavelength of approximately 2.78 pm. Fluid, Which may be 
emitted intermittently or continuously from a noZZle 71 
(FIG. 5b, infra) comprises Water in an illustrative embodi 
ment. Other ?uids may be used and appropriate Wavelengths 
of an electromagnetic energy source may be selected to 
alloW for high absorption by the ?uid or other particles and 
substances. Other possible laser systems include an erbium, 
yttrium, scandium, gallium garnet (ErzYSGG) solid state 
laser device, Which generates electromagnetic energy having 
a Wavelength in a range of 2.70 to 2.80 pm; an erbium, 
yttrium, aluminum garnet (ErzYAG) solid state laser device, 
Which generates electromagnetic energy having a Wave 
length of 2.94 pm; a chromium, thulium, erbium, yttrium, 
aluminum garnet (CTEzYAG) solid state laser device, Which 
generates electromagnetic energy having a Wavelength of 
2.69 um; an erbium, yttrium orthoaluminate (ErzYALO3) 
solid state laser device, Which generates electromagnetic 
energy having a Wavelength in a range of 2.71 to 2.86 pm; 
a holmium, yttrium, aluminum garnet (HozYAG) solid state 
laser device, Which generates electromagnetic energy having 
a Wavelength of 2.10 pm; a quadrupled neodymium, yttrium, 
aluminum garnet (quadrupled NdzYAG) solid state laser 
device, Which generates electromagnetic energy having a 
Wavelength of 266 nm; an argon ?uoride (ArF) excimer laser 
device, Which generates electromagnetic energy having a 
Wavelength of 193 nm; a xenon chloride (XeCl) excimer 
laser device, Which generates electromagnetic energy having 
a Wavelength of 308 nm; a krypton ?uoride (KrF) excimer 
laser device, Which generates electromagnetic energy having 
a Wavelength of 248 nm; and a carbon dioxide (CO2) laser 
device, Which generates electromagnetic energy having a 
Wavelength in a range of 9.0 to 10.6 pm. 

[0061] The delivery system 355 of FIG.10 can further 
comprise a ?uid output, Which may or may not differ from 
the ?uid router 60 of FIG. 4. In exemplary embodiments 
implementing a ?uid output, Water can be chosen as a 
preferred ?uid because of its biocompatibility, abundance, 
and loW cost. The actual ?uid used may vary as long as it is 
properly matched to the Wavelength, 7», of a selected elec 



US 2006/0240381 A1 

tromagnetic energy source (e.g., a laser device) meaning that 
the ?uid is capable of partially or highly absorbing electro 
magnetic energy having a Wavelength, 7», of the selected 
electromagnetic energy source. In various implementations 
of the con?guration of FIG. 4, the ?uid (e.g., ?uid particles 
and/or other substances including, for example, anticaries, 
antiplaque, antigingivitis, and antitartar agents in ?uid or 
solid (e.g., tablet) form) can be conditioned as already 
described. For instance, the ?uid can be conditioned to be 
compatible With a surface of the target 57. In one embodi 
ment, the ?uid particles comprise Water that is conditioned 
by for example mild chlorination and/or ?ltering to render 
the ?uid particles compatible (e.g., containing no harmful 
parasites) With a tooth or soft tissue target surface in a 
patient’s mouth. In other implementations, other types of 
conditioning may be performed on the ?uid as discussed 
previously. The delivery system 355 can comprise an atom 
iZer, a sprayer, mister or nebuliZer mister for delivering 
user-speci?ed combinations of atomiZed ?uid particles into 
the interaction Zone 359. The controller 353 controls various 
operating parameters of the laser device 351, and further 
controls speci?c characteristics of a user-speci?ed combi 
nation of atomiZed ?uid particles output from the delivery 
system 355, thereby mediating cutting effects on and/or 
Within the target 357. 

[0062] FIG. 5a shoWs another embodiment of an electro 
magnetically induced disruptive cutter, in Which a ?beroptic 
guide 61, an air tube 63, and a ?uid tube 65, such as a Water 
tube, are placed Within a hand-held housing 67. Although a 
variety of connections are possible, the air tube 63 and Water 
tube 65 can be connected to either the ?uid conditioning unit 
121 or the dental/medical unit 116 of FIG. 3. The ?uid tube 
65 can be operated under a relatively loW pressure, and the 
air tube 63 can be operated under a relatively high pressure. 

[0063] According to one aspect of the present invention, 
either the air from the air tube 63 or ?uid from the ?uid tube 
65, or both, are selectively conditioned by the ?uid condi 
tioning unit 121 (FIG. 3) as controlled by the controller 125. 
In one implementation, laser energy from the ?beroptic 
guide 61 focuses onto a combination of air and ?uid, from 
the air tube 63 and the ?uid tube 65, at the interaction Zone 
59. AtomiZed ?uid particles in the air and ?uid mixture 
absorb energy from the laser energy received from the 
?beroptic tube 61. The atomiZed ?uid particles may then 
expand and explode. Explosive forces from these atomiZed 
?uid particles can, in certain implementations, impart dis 
ruptive (e.g., mechanical) cutting forces onto a surface of the 
target 57 (FIG. 4). 

[0064] Turning back to FIG. 2, a conventional optical 
cutter focuses laser energy onto a target surface at an area A, 
for example, and in comparison, a typical embodiment of an 
electromagnetically induced disruptive cutter of the present 
invention focuses laser energy into an interaction Zone B, for 
example. The conventional optical cutter uses the laser 
energy directly to cut tissue, and in comparison, the elec 
tromagnetically induced disruptive cutter of the present 
invention uses the laser energy to expand atomiZed ?uid 
particles to thus impart disruptive cutting forces onto the 
target surface. The atomiZed ?uid particles and other par 
ticles (above, on the surface, or Within the target) are heated, 
expanded, and cooled before or during contacting the target 
surface or While on or Within the target. The prior art optical 
cutter may use a large amount of laser energy to cut the area 
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of interest, and also may use a large amount of Water to both 
cool this area of interest and remove cut tissue. 

[0065] In contrast, the electromagnetically induced dis 
ruptive cutter of the present invention can use a relatively 
small amount of ?uid (e.g., Water) and, further, can use only 
a small amount of laser energy to expand atomiZed ?uid 
particles generated from the Water. According to the elec 
tromagnetically induced disruptive cutter of the present 
invention, additional Water may not be needed to cool an 
area of surgery, since some of the exploded atomiZed ?uid 
particles are cooled by exothermic reactions before or While 
they contact the target surface. Thus, atomiZed ?uid particles 
of the present invention are heated, expanded, and cooled 
before contacting the target surface. The electromagnetically 
induced disruptive cutter of the present invention is thus 
capable of cutting Without charring or discoloration. 

[0066] FIG. 5b illustrates another embodiment of the 
electromagnetically induced disruptive cutter. An atomiZer 
for generating atomiZed ?uid particles comprises a noZZle 
71, Which may be interchanged With other noZZles (not 
shoWn) for obtaining various spatial distributions of the 
atomiZed ?uid particles, according to the type of cut desired. 
A second noZZle 72, shoWn in phantom lines, may also be 
used. In a simple embodiment, a user controls air and Water 
pressure entering the noZZle 71. The noZZle 71 is thus 
capable of generating, either intermittently or continuously, 
many different user-speci?ed combinations of atomiZed 
?uid particles and aerosoliZed sprays. The noZZle 71 is 
employed to create an engineered combination of small 
particles of a chosen ?uid. The noZZle 71 may comprise 
several different designs including liquid only, air blast, air 
assist, sWirl, solid cone, etc. When ?uid exits the noZZle 71 
at a given pressure and rate, the ?uid may be transformed 
into particles of user-controllable siZes, velocities, and spa 
tial distributions. A cone angle may be controlled, for 
example, by changing a physical structure of the noZZle 71. 
As another example, various noZZles 71 may be interchange 
ably placed on the electromagnetically induced disruptive 
cutter. Alternatively, a physical structure of a single noZZle 
71 may be changed. 

[0067] The ?beroptic guide 23 (FIG. 5b) may emit elec 
tromagnetic energy having an optical energy distribution 
that may be useful for achieving or maximiZing a cutting 
effect of an electromagnetic energy source, such as a laser 
device, directed toWard a target surface. Ablating e?fects 
and/or the cutting e?fect created by the electromagnetic 
energy may occur on or at the target surface, Within the 
target surface, and/or above the target surface. For instance, 
using desired optical energy distributions, it is possible to 
disrupt a target surface by directing electromagnetic energy 
toWard the target surface so that a portion of the electro 
magnetic energy is absorbed by ?uid. The ?uid absorbing 
the electromagnetic energy may be on the target surface, 
Within the target surface, above the target surface, or a 
combination thereof. 

[0068] In certain embodiments, the ?uid absorbing the 
electromagnetic energy may comprise Water and/or may 
comprise hydroxyl (e.g., hydroxylapatite). When the ?uid 
comprises hydroxyl and/or Water, Which may highly absorb 
the electromagnetic energy, molecules Within the ?uid may 
begin to vibrate. As the molecules vibrate, the molecules 
heat and can expand, leading to, for example, thermal 
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cutting With certain output optical energy distributions. 
Other thermal cutting or thermal effects may occur by 
absorption of impinging electromagnetic energy by, for 
example, other molecules of the target surface. Accordingly, 
the cutting effects from the electromagnetic energy absorp 
tion associated With certain output optical energy distribu 
tions may be due to thermal properties (e.g., thermal cutting) 
and/or to absorption of the electromagnetic energy by mol 
ecules (e.g., Water above, on, or Within the target surface) 
that does not signi?cantly heat the target surface. The use of 
certain desired optical energy distributions can reduce sec 
ondary damage, such as charring or burning, to the target 
surface in embodiments, for example, Wherein cutting is 
performed in combination With a ?uid output and also in 
other embodiments that do not use a ?uid output. Thus, for 
example, another portion of the cutting effects caused by the 
electromagnetic energy may be due to thermal energy, and 
still another portion of the cutting effects may be due to 
disruptive (e.g., mechanical) forces generated by the mol 
ecules absorbing the electromagnetic energy, as described 
herein. 

[0069] Not only can cutting effects of an electromagneti 
cally induced disruptive cutter apparatus be facilitated and/ 
or mediated by ?uid distributions above the target surface, as 
disclosed above, but the cutting effects may alternatively or 
additionally be facilitated and/or mediated by the absorption 
of electromagnetic energy by ?uid on or Within the target 
surface. In one embodiment of the apparatus, the cutting 
effects are mediated by effects of energy absorption by a 
combination of ?uid located above the target surface, ?uid 
located on the target surface, and/or ?uid located in the 
target surface. In one embodiment, about 25% to 50% of the 
impinging electromagnetic energy passes through ?uid and 
?uid particles and impinges on the target surface. A portion 
of that impinging energy can operate to cut or contribute to 
disruption and/or cutting of the target surface. In other 
embodiments about 10% to 25%, 50% to 80%, or 80% to 
95% of the impinging energy passes through ?uid and ?uid 
particles and impinges onto the target surface. A portion of 
that impinging energy can operate to cut or contribute to 
disruption and/or cutting of the target surface. 

[0070] A ?lter may also be provided With the apparatus to 
modify electromagnetic energy transmitted from the elec 
tromagnetic energy source so that the target surface is 
disrupted in a spatially different manner at one or more 
points in time compared to electromagnetic energy that is 
transmitted to a surface Without a ?lter. A spatial and/or 
temporal distribution of electromagnetic energy may be 
changed in accordance With a spatial and/or temporal com 
position of the ?lter. The ?lter may comprise, for example, 
?uid; and in one embodiment the ?lter is a distribution of 
atomiZed ?uid particles the characteristics (e.g., siZe, distri 
bution, velocity, composition) of Which can be changed 
spatially over time to vary an amount of electromagnetic 
energy impinging on the target surface. As one example, a 
?lter can be intermittently placed over a target to vary the 
intensity of the impinging electromagnetic energy, thereby 
providing a type of pulsed effect. In such an example, a 
spray or sprays of ?uid (e.g., Water) can be intermittently 
applied to intersect the impinging electromagnetic energy. 
As another example, the ?lter can be placed to intersect the 
impinging energy continuously. In some embodiments, uti 
liZation of a ?lter for cutting of the target surface may be 
achieved With reduced, or With no, secondary heating/ 
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damage that may typically be associated With thermal cut 
ting resulting from use of prior art lasers that do not have a 
?lter. The ?uid of the ?lter can comprise, for example, Water. 
Outputs from the ?lter, as Well as other ?uid outputs, energy 
sources, and other structures and methods disclosed herein, 
may comprise any of the ?uid outputs and other structures/ 
methods described in Us. Pat. No. 6,231,567, entitled 
MATERIAL REMOVER AND METHOD, the entire con 
tents of Which are incorporated herein by reference to the 
extent compatible and not mutually exclusive. 

[0071] In one embodiment, an output optical energy dis 
tribution includes a plurality of high-intensity leading micro 
pulses (one of Which may assume a maximum value) that 
impart relatively high peak amounts of energy . The energy 
is directed toWard the target surface to obtain desired dis 
ruptive and/or cutting effects. For example, the energy may 
be directed into atomiZed ?uid particles, as described above, 
and into ?uid (e. g., Water and/ or hydroxide (OH) molecules) 
present on or in material of the target surface, Which, in some 
instances, can comprise Water, to thereby expand the ?uid 
and induce disruptive cutting forces to or a disruption (e.g., 
mechanical disruption) of the target surface. The output 
optical energy distribution may also include one or more 
trailing micropulses after a maximum-valued leading micro 
pulse that may further help With removal of material. 
According to the present invention, a single large leading 
micropulse may be generated or, alternatively, tWo or more 
large leading micropulses may be generated. In accordance 
With one aspect of the present invention, relatively steeper 
slopes of the micropulses and shorter durations of the 
micropulses may loWer an amount of residual heat produced 
in the material. 

[0072] The output optical energy distribution may be 
generated by a ?ashlamp current generating circuit that is 
con?gured to generate a relatively narroW pulse having a 
duration on an order of 0.25 to 300 us. Diode pumping 
technology, for example, also may be used to generate the 
output optical energy distribution. Additionally, a full-Width 
half-maximum (half-max) value of the optical output energy 
distribution of the present invention can occur Within 30 to 
70 us after pulse onset, for example. For comparison, 
full-Width half-max values of the prior art typically occur 
Within the ?rst 250 to 300 us is after pulse onset. Employing 
a relatively high pulse repetition frequency that may range, 
for example, from about 1 HZ to about 100 HZ, and further 
employing a relatively large initial distribution of optical 
energy in a leading portion of each pulse of the present 
invention, can result in relatively e?icient disruptive cutting 
(e.g., mechanical cutting). The output optical energy distri 
butions of the present invention can be adapted for cutting, 
shaping and removing tissues and materials, and further can 
be adapted for imparting electromagnetic energy into atom 
iZed ?uid particles over a target surface, or into other ?uid 
particles located on or Within the target surface. The cutting 
e?fect obtained by the output optical energy distributions of 
the present invention can be both clean and poWerful and, 
additionally, can impart consistent cuts or other disruptive 
forces onto target surfaces. 

[0073] By controlling characteristics of output optical 
energy, such as pulse intensity, duration, and number of 
micropulses, a device of the present invention, for example, 
an embodiment as illustrated in FIG. 5b, can be adjusted to 
provide a desired treatment for multiple conditions. In 
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addition, the energy emitted from the devices disclosed 
herein may be effective to cut a target surface, as discussed 
above, but may also be effective to remodel a target surface. 
For example, a surface of a tooth can be remodeled Without 
removing any of the tooth structure. In one embodiment, the 
output optical energy is selected to have properties that are 
effective to make a surface of a tooth relatively harder and 
more resistant to attack from acid or bacteria When com 
pared to a level of resistance extant before treatment With 
one or more of the devices disclosed herein. By making the 
tooth physically harder, it may become more di?icult for 
bacteria to damage the tooth. Remodeling energy may be 
particularly effective to inhibit and/ or prevent dental carries. 
In one embodiment, the output optical energy may include 
a pulse With a relatively longer duration than the pulse 
described herein that is used for cutting. The pulse may 
include a series of steep micropulses, as discussed herein, 
and a longer tail of micropulses Where pulse energy is 
maintained at a desired level for extended periods of time. 
In another embodiment, tWo modes of operation may be 
utiliZed, such as, for example, a ?rst pulse as described 
above With one or more intense micropulses, and a second 
pulse that has a relatively sloWer leading and trailing slope. 
TWo mode embodiments may be particularly useful When 
both cutting and remodeling are desired. Thus, by remod 
eling a surface of a tooth, including anterior and/or posterior 
surfaces, the tooth may become harder Which may be 
conducive to preventing tooth decay. 

[0074] Referring back to the ?gures, and in particular to 
FIG. 12, a control panel 377 for alloWing user-programma 
bility of atomiZed ?uid particles is illustrated. By changing 
the pressure and ?oW rates of ?uid, for example, a user can 
control characteristics of the atomiZed ?uid particles. These 
characteristics may in?uence absorption e?iciency of laser 
energy, and subsequent cutting effectiveness of an electro 
magnetically induced disruptive cutter. The control panel 
377 may comprise, for example, a ?uid particle siZe control 
378, a ?uid particle velocity control 379, a cone angle 
control 380, an average poWer control 381, a repetition rate 
382, and a ?ber selector 383. 

[0075] FIG. 13 illustrates a plot 385 ofmean ?uid particle 
siZe of atomiZed ?uid particles versus pressure through a 
noZZle, for example, the noZZle 71 (FIG. 5b), of an embodi 
ment of an electromagnetically induced disruptive cutter. 
According to the plot 385, When the pressure through the 
noZZle 71 is increased, the mean ?uid particle siZe of the 
atomiZed ?uid particles decreases. FIG. 14 is a chart depict 
ing a plot 387 illustrating in?uence of pressure on mean ?uid 
particle velocity. The plot 387 shoWs that the mean ?uid 
particle velocity of the atomiZed ?uid particles increases 
With increasing pressure. 

[0076] According to one implementation of the present 
invention, materials can be removed from a target surface, at 
least in part by disruptive cutting forces instead of by 
conventional (e.g., thermal) cutting forces. In such an imple 
mentation, electromagnetic energy is used only to induce 
disruptive forces onto the targeted material. Thus, the atom 
iZed ?uid particles referred to above act as a medium for 
transforming electromagnetic energy generated by a laser 
device into disruptive (e.g., mechanical) energy required to 
achieve a disruptive cutting effect in accordance With the 
present invention. The electromagnetic (e.g., laser) energy, 
itself, may not be directly absorbed by the targeted material. 
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The disruptive (e.g., mechanical) interaction of the present 
invention can be safer and faster than conventional laser 
cutting systems. In certain implementations, negative ther 
mal side-effects typically associated With conventional laser 
cutting systems can be attenuated or eliminated by the 
present invention. 

[0077] According to an exemplary operating mode of the 
electromagnetically induced disruptive cutter, the ?beroptic 
guide 23 (e.g., FIG. 5b) can be placed into close proximity 
of a target surface. The ?beroptic guide 23, hoWever, does 
not actually contact the target surface in this exemplary 
operating mode. Rather, atomiZed ?uid particles from the 
noZZle 71 are placed into the interaction Zone 59 referenced 
above in connection With, for example, FIGS. 511 ad 5b. A 
purpose of the ?beroptic guide 23 can thus be to place laser 
energy deep into a distribution of ?uid particles into close 
proximity of a target surface and into the interaction Zone 59. 

[0078] A feature of the present invention is the formation 
of the ?beroptic guide 23 of sapphire. Regardless of the 
composition of the ?beroptic guide 23, hoWever, another 
feature of the present invention is a cleaning effect on the 
?beroptic guide 23 resulting from air and Water that may be 
emitted from the noZZle 71 onto the ?beroptic guide 23. 
Applicants have found that this cleaning effect is optimal 
When the noZZle 71 is pointed someWhat directly at the target 
surface. For example, debris from the disruptive cutting can 
be removed by a spray from the noZZle 71. 

[0079] Additionally, applicants have found that pointing 
the noZZle 71 toWard the target surface, can enhance cutting 
e?iciency of the present invention. Each atomiZed ?uid 
particle typically contains a small amount of initial kinetic 
energy in a direction of the target surface. When electro 
magnetic energy from the ?beroptic guide 23 contacts an 
atomiZed ?uid particle, a spherical exterior surface of the 
?uid particle (e.g., a Water particle) acts as a focusing lens 
to focus the electromagnetic energy into an interior portion 
of the Water particle. 

[0080] FIG. 15 illustrates a ?uid (e.g., Water) particle 401 
having a side With an illuminated surface 403, a shaded side 
405, and a particle velocity 408. Electromagnetic energy, 
Which may be a laser beam 350 generated by, for example, 
a laser device 351 (FIG. 10) focused directly on atomiZed, 
conditioned ?uid particles as described above, may be 
absorbed by the ?uid particle 401, causing an interior 
portion of the ?uid particle 401 to heat rapidly and to 
explode. This explosion, Which is exothermic, cools remain 
ing portions of the exploded ?uid particle 401. Surrounding 
atomiZed ?uid particles further enhance cooling of portions 
of the exploded ?uid particle 401. The explosion of the ?uid 
particle 401 may generate a pressure Wave. This pressure 
Wave, and portions of the exploded ?uid particle 401 having 
increased kinetic energy, are directed toWard the target 
surface 407. These high-energy (e.g., high-velocity) portions 
of the exploded ?uid particle 401, in combination With the 
pressure Wave, may impart strong, concentrated, disruptive 
(e.g., mechanical) forces onto the target surface 407. 

[0081] These disruptive forces may cause the target sur 
face 407 to break apart from the material surface through a 
“chipping aWay” action. The target surface 407 does not 
undergo vaporiZation, disintegration, or charring. The chip 
ping aWay process (i.e., a cutting process) can be repeated by 
the present invention until a desired amount of material has 
























