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INJECTION DEVICE FOR SOFT-TISSUE 
AUGMENTATION FILLERS, BIOACTIVE 
AGENTS AND OTHER BIOCOMPATIBLE 
MATERIALS IN LIQUID OR GEL FORM 

RELATED APPLICATION 

[0001] This application claims the bene?t of Us. Provi 
sional Patent Application No. 61/057,703 ?led on May 30, 
2008, and Us. Provisional Patent Application No. 61/074, 
538 ?led on Jun. 20, 2008, the disclosure of each ofWhich is 
incorporated herein in its entirety by this speci?c reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to devices useful for 
injecting soft-tissue augmentation ?llers, bioactive agents 
and other biocompatible materials. 

BACKGROUND OF THE INVENTION 

[0003] The injection of bioactive agents and tissue augmen 
tation ?llers is quite commonplace. Commonly, bioactive 
agents and tissue augmentation ?llers are injected manually 
using traditional hypodermic syringes With manual plungers. 
One monumental problem With traditional syringes is that 
they are dif?cult to properly utiliZe due to their poor ergo 
nomics. 
[0004] Another problem commonly encountered When 
using hypodermic syringes With manual plungers is the dif 
?culty of controlling the rate of injection, especially When the 
inj ectable substance is highly viscous, the tissue being 
injected into is dense or a combination of the tWo. In such 
cases, the force required to extrude the injectable substance 
into a patient makes controlling the rate of injection and the 
handling of the syringe strikingly dif?cult. Commonly, unre 
liable injection speeds are encountered as Well as patient pain 
associated With additional axial force on the syringe in an 
effort to supply su?icient extrusion force to the syringe’s 
plunger to force the inj ectable sub stance out of the needle into 
the patient’s tissues. 
[0005] Another problem With injectable substances relates 
to reconstitution prior to injection. Certain sub stances need to 
be reconstituted immediately prior to injection. Patient dis 
comfort With injections can lie in anticipation of the injection 
itself, and therefore, lead to a tense patient and hence more 
discomfort upon injection. As such, manually reconstituting 
an injectable just prior to injection can cause both mental and 
physical discomfort for a patient. A device that can automati 
cally reconstitute inj ectables Within the device itself just prior 
to injection Would be a promising technology. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, hand-held injection devices for soft 
tissue are provided. In an exemplary embodiment of the 
invention, an injection device is provided Which generally 
comprises a cartridge suitable for containing an injectable 
material and couplable to a needle, a body or shell structured 
to contain the cartridge, a drive mechanism including a motor 
and a piston for moving the injectable material from the 
cartridge through the needle, a poWer source, for example a 
battery contained in the shell, for activation the drive mecha 
nism; and a user programmable controller coupled to the 
drive mechanism, Where a user-de?ned injection rate can be 
set. Advantageously, in this exemplary embodiment, the 
device is capable of injecting the injectable material at the 
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user-de?ned injection rate from the cartridge and through the 
needle at a force of up to about 50 NeWtons (N), for example, 
up to 100 N, for example, up to 200 N or more. The cartridge 
may be substantially cylindrical in shape and may have an 
inner diameter of betWeen about 0.25 inch to about 1 inch, or 
betWeen about 0.18 inch to about 0.35 inch. 
[0007] Further, the device is structured to be capable of 
delivering, or injecting, precisely de?ned volumes of materi 
als, for example, relatively high viscosity materials, such as 
dermal ?llers, at said user-de?ned injection rates. For 
example, the device is especially advantageous for enabling 
controlled inj ection of precise volumes of cross-linked hyalu 
ronic acid based dermal ?llers into soft tissue at a substan 
tially constant rate. 
[0008] In some embodiments, the device is structured as a 
self-contained, hand-held device Which requires no external 
Wiring, external poWer source, conduits nor other external 
components for operation. The device conveniently requires 
only single hand operation and is suf?ciently lightWeight so 
as to be easily maneuverable by a physician. 
[0009] Advantageously, many of the present devices are 
structured to provide highly controlled, precisely quanti?ed 
injection of materials through very ?ne needles, Wherein such 
materials are extremely dif?cult to inject, or even impossible 
to inject, using conventional techniques and manually oper 
ated syringes. 
[0010] The controller may be con?gured to be capable of 
alloWing a user to set a prede?ned, user-selected, injection 
rate for the material. A range of injection rates available for 
selection may be, for example, any injection rate de?ned 
betWeen about 0.001 mL/ sec and about 1 mL/ sec. In addition, 
the injection device is capable of inj ecting the material at the 
user de?ned injection rate through a needle having a gauge of 
at least about 10 G and up to about 50 G, for example, a needle 
having a gauge betWeen about 23 G to about 34 G, for 
example, betWeen about 27 G to about 32 G. The needles may 
have a length of betWeen about 1/4 inch to about 2 inches, or 
betWeen about 1/2 inch to about 11/2 inches. 
[0011] For example, many of the devices in accordance 
With the invention are designed to alloW the user, for example, 
physician, to easily inject precise amounts of loW to high 
viscosity liquids or gel soft-tissue augmentation ?llers, one or 
more bioactive agents, one or more other biocompatible 

materials, or combinations thereof (hereinafter sometimes, 
collectively referred to as “injectable material”) at pre-se 
lected injection rates. 
[0012] In another aspect of the invention, methods are pro 
vided for injecting materials, for example, viscous materials 
such as dermal ?llers, into a soft tissue of a patient. In one 
embodiment, a method for injecting a material into soft tissue 
is provided Which generally comprises the steps of providing 
a motorized injection device having a needle, providing a 
cartridge containing a dermal ?ller material to be injected into 
soft tissue of a patient, programming a user-de?ned injection 
rate of the material into the device, inserting the cartridge into 
the device, and using the device to inject the material from the 
cartridge and through the needle and into the soft tissue of the 
patient at the programmed injection rate. Advantageously, the 
device may be structured to be capable of injecting the inject 
able material at the user-de?ned injection rate at a force of 
betWeen about 50 NeWtons to about 200 NeWtons or greater. 

[0013] In yet another aspect of the invention, a method of 
injecting a material into soft tissue is provided, Wherein the 
method comprises the steps of providing a motorized injec 
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tion device containing a ?rst material and a second material 
separated from the ?rst material, and, Within the device, mix 
ing the ?rst material With the second material to create a 
product to be injected into soft tissue of a patient. The method 
further comprises programming a user-de?ned injection rate 
of the product into the device and using the device to inject the 
product into the soft tissue of the patient at the programmed 
injection rate. In a speci?c embodiment, the ?rst material is a 
dry material, for example, a poWder or lyophiliZed material 
and the second material is a liquid, for example, saline, a 
solvent or a liquid suitable for reconstituting the ?rst material. 

[0014] In one aspect of the invention, the injectable mate 
rial is selected from the group consisting of dermal ?llers, 
hyaluronic acid-based dermal ?llers, hydrogels, organogels, 
xerogels, encapsulated and/ or cross-linked biomaterials, sili 
cones, glycosaminoglycans, polysaccharides, collagen, elas 
tin, local anesthetics, drugs, bioactive agents, antioxidants, 
enZyme inhibitors, vitamins, minerals, Water, saline, light 
curable or light activated materials, pH curable or pH acti 
vated materials and botulinum toxin. 

[0015] In one embodiment, the soft tissue is selected from 
the group consisting of skin, muscles, glands, ducts, tendons, 
follicles, and combinations thereof. In another embodiment, 
the skin is located on an area selected from the group consist 

ing of face, neck, arms, underarms, legs, buttocks, abdomen, 
back, breasts, scalp, feet, and hands. 
[0016] In one embodiment, a method is described for 
injecting a solid bioactive agent into a soft tissue comprising: 
providing an injection device comprising an inner body, and 
outer body and a needle; providing a solid to be injected into 
the patient Wherein the solid is housed Within the inner body 
of the device; mixing the solid With a solvent thereby recon 
stituting the solid and forming a product to be injected; and 
using the device to inject the product through the needle into 
the patient With an extrusion force great enough to deliver the 
product to the soft tissue at a rate programmed into the device 
before injection. 
[0017] In one embodiment, the injectable material is 
selected from the group consisting of dermal ?llers, hyalu 
ronic acid-based dermal ?llers, hydrogels, organogels, xero 
gels, encapsulated and/or cross-linked biomaterials, sili 
cones, glycosaminoglycans, polysaccharides, collagen, 
elastin, local anesthetics, drugs, bioactive agents, antioxi 
dants, enZyme inhibitors, vitamins, minerals, Water, saline, 
light curable or light activated materials, pH curable or pH 
activated materials and botulinum toxin. 

DEFINITION OF TERMS 

[0018] Digits: As used herein “digits” shall refer to the 
?ngers of a human. Each digit or ?nger can be referred to 
separately or in combination. Digit 1 is commonly referred to 
as the thumb. Digit 2 is commonly referred to as the index 
?nger. Digit 3 is commonly referred to as the middle ?nger. 
Digit 4 is commonly referred to as the ring ?nger. Digit 5 is 
commonly referred to as the pinky ?nger. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Many of the advantages and features of the present 
invention may be better appreciated and more clearly under 
stood With reference to the folloWing detailed description and 
the accompanying draWings of Which: 
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[0020] FIG. 1A, 1B and 1C are perspective, top and side 
vieWs, respectively, of an embodiment of a programmable 
injection device in accordance With the invention; 
[0021] FIG. 2A and 2B are perspective vieWs of another 
embodiment of the invention. 

[0022] FIG. 3 is a perspective vieW of yet another embodi 
ment of the invention; 
[0023] FIG. 4 shoWs a display screen of an injection device 
of any of the embodiments shoWn in FIGS. 1A through 4; 
[0024] FIG. 5 shoWs a simpli?ed side vieW of internal com 
ponents of the device shoWn in FIGS. 1A-1C, an outer shell of 
the device removed for clarity; 
[0025] FIG. 6 is a simpli?ed perspective vieW of internal 
components of an embodiment of the invention Which alloWs 
for mixing different materials prior to injection into soft tis 
sue. 

[0026] FIG. 7 is a simpli?ed perspective vieW of some of 
the internal components of yet a still further embodiment of 
the invention; 
[0027] FIG. 8A and 8B shoW top and side vieWs of another 
embodiment of the invention; 
[0028] FIG. 9 depicts a logic/block diagram of some of the 
internal components of any of the embodiments shoWn else 
Where herein; 
[0029] FIG. 10 depicts various examples of possible dis 
play screens of any of the injection devices shoWn elseWhere 
herein; and 5. 
[0030] FIG. 11 depicts a non-limiting combination of com 
ponents housed in an inner body of a device of the invention, 
for example, the device shoWn in FIGS. 8A and 8B. 

DETAILED DESCRIPTION OF THE INVENTION 

[0031] Described herein are novel injection devices that 
alloW a user, for example, a physician, to inject one or more 
loW to high viscosity liquid or gel soft-tissue augmentation 
?llers, one or more bioactive agents, one or more other bio 

compatible materials, or combinations thereof in a precisely 
controlled manner. In some embodiments, the present devices 
alloW the injection of materials that are dif?cult or impossible 
to inject With a traditional manual hand held syringe. 

[0032] The devices described herein alloW the operator to 
easily inject a material through any siZe needle knoWn in the 
art by depressing a button. The devices are easy to hold, 
manipulate and operate With one hand, and in some cases 
adjust easily With the operator’s opposing hand. The devices 
alloW the operator to set a precise injection speed or extrusion 
rate of the material to be injected. The devices can also indi 
cate the initial volume, volume injected and remaining vol 
ume of the material being delivered to a patient. 

[0033] In one embodiment, the devices are comprised of an 
outer shell and an inner body. The inner body houses one or 
more user-replaceable cartridges, one or more internal drive 
mechanisms and any other internal mechanisms described 
infra. 

[0034] The devices can conceivably be used to inject an 
injectable material into any suitable location of a patient’s 
body. In one embodiment, the devices described herein are 
used to inject materials into the patient’s soft tissue. In a 
further embodiment, the soft tissue is the patient’s skin. In 
other embodiments, the soft tissue can be muscles, glands, 
ducts, tendons, follicles, and the like. The device can be used 
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to inject materials into, for example, the face, neck, arms, 
underarms, legs, buttocks, abdomen, back, breasts, scalp, feet 
and/ or hands. 

The Outer Shell 

[0035] The devices described herein comprise an outer 
shell. The outer shell has an ergonomic shape that facilitates 
manipulation of the device. Additionally, the present devices 
can accommodate operator hands of different siZes. Hand siZe 
accommodation can be accomplished by different device 
siZes, position-adjustable device handgrips or interchange 
able device handgrips. For example, interchangeable device 
handgrips can come in various predetermined siZes or can be 
personaliZed for a particular user. In one embodiment, the 
device handgrip can slide along a rail forWard or backWard 
relative to the outer shell and be locked into place. In another 
embodiment, the device handgrip can be unlocked, removed 
and re-attached in another position on the outer shell. 
[0036] Four exemplary, outer shell shapes suitable for use 
as part of the present devices are depicted in FIG. 1-3 and 8. 
[0037] FIG. 1A, 1B and 1C depict three different vieWs of 
a device 100 in accordance With an embodiment of the inven 
tion. Device 100 is a someWhat pen style design. Device 100 
includes a shell 101 structured to be held by the operator in a 
similar manner to that of a Writing instrument. Device 100 is 
held such that the operator’s thumb may be positioned in a 
?nger grip 102, the index ?nger is positioned such that it may 
engage inject button 102A and/or 102B and injector speed 
adjustment buttons 103 and or 104. The Weight of device 100 
rests on the middle ?nger and the hand betWeen the thumb and 
index ?nger. The device 100 can be used by both right and left 
handed operators as there are mirrored ?nger grips 102 and 
injection buttons 102A and 102B on both sides of the device 
100. It can be appreciated that With suitable modi?cation to 
device 100 Within the scope of the invention, device 100 can 
be designed to be speci?cally used by a right handed operator. 
Similarly, the device 100 can be modi?ed Within the scope of 
the invention to be speci?cally used by a left handed operator. 
[0038] The device 100 is poWered on and off using poWer 
button 105. The device further comprises a display 106 to 
provide information about the device for reference by the 
operator. The information on display 106 can be adjusted 
using menu driven multi-button 108 and con?rmed using 
button 109. 
[0039] A cartridge (not shoWn in FIGS. 1A, 1B and 1C) 
containing material to be injected can be installed into the 
device 100 by removing end cap 107, inserting cartridge into 
shell 101 and reinstalling end cap 107. The cartridge is cou 
plable to a needle 112 by means of a luer tip 113. 
[0040] FIG. 2A and 2B depict another device 200 in accor 
dance With the invention Which may be substantially the same 
as device 100 With the exception of the shape of the shell 201. 
Shell 201 is shaped to generally conform to a ?nger of the 
user/ operator. In one embodiment, the ?nger is an index ?n 
ger (digit 2). The top of the device 200 has a depression 202 
for the index ?nger to ?t comfortably on device, With an 
injection button 203 situated to be located at the end of the 
?nger. The thumb (digit 1) and the middle ?nger (digit 3) can 
be placed comfortably against the tWo opposing sides of such 
a device to aid in control. HoWever, it is conceivable that such 
a device can be operated using any ?nger (digit 1-5) the 
operator feels comfortable With and any combination of other 
?ngers used for supporting the device. The proximal end of 
the device comprises a “U” shaped appendage 204 Wherein 
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the ?nger is inserted and Which rests on the hand at the base of 
the ?nger. The appendage 204 can be constructed of a ?exible 
material Which can be formed to the particular operator’s 
?nger length and circumference. Finger length accommoda 
tion can be accomplished by physically different device siZes 
or adjustable device lengths and/or Widths. The device can 
also comprise a side WindoW 205 and/or a bottom WindoW 
206, running the length of the bottom side of the device 200. 

[0041] FIG. 3 depicts another embodiment of the invention, 
for example, Wherein a shell 301 of the device 300 has a 
pistol-grip style design. Device 300, Which is held ?rmly in an 
operator’s hand using ?nger grips 302. Digits 2-5 can ?t 
snugly into ?nger grips 302. Digit 1 can remain free to engage 
inject button 303. The shell 301 may comprise a WindoW or 
additional opening Wherein the operator can vieW the volume 
of the injectable material in the cartridges. 
[0042] FIG. 8A and 8B depict another device 800 in accor 
dance With the invention. Device 800 comprises shell 800a 
including handle 801. Inject buttons 802 and/or 803 can be 
engaged by the index ?nger of the operator, the button used 
depending on Which is most comfortable to use for the opera 
tor, for example, depending upon Whether the operator is right 
or left handed. Eject button 804 is easily operated by either a 
right or left handed user (a similar button is located on the 
opposite side of the device) to eject the cartridge (not shoWn). 
A poWer/menu button 805 can be provided to control the 
poWer to the device by holding button 805 doWn or can 
operate menus displayed on display 806 and adjusted by 
selector button 807. Needle 808 is connected to cartridge 809 
via a luer style connection Which, in one embodiment, can 
inserted into the device 800 through the front of the device 
and snapped into place Within the device 800, similar to that 
ofthe device 100 shoWn in FIG. 1A-1C. 

[0043] The shells 101,201, 301,800a ofdevices 100,200, 
300 and 899 respectively, can be comprised of any suitable 
materials such as, but not limited to, rigid thermoplastics, 
thermoplastic elastomers, silicones, glass, metals, composite 
materials, carbons ?llers, or any combination thereof. 

[0044] Depending on the particular application, it may be 
desirable for the devices 100, 200, 300, 800 to be routinely 
steriliZed by means commonly knoWn in the art. Therefore, 
the components of the devices may be made of materials that 
are knoWn to Withstand sterilization techniques such as, but 
not limited to, dry heat, steam (autoclave), ethylene oxide 
treatment, gamma radiation, ultra violet (UV) light or com 
binations thereof including other methods knoWn in the art. 
The devices can also be constructed of materials that can be 
cleaned With soap and Water or antiseptic materials. 

[0045] The shells 101, 201, 301, 80011 may include one or 
more various ergonomic features such as detents, depressions 
and/or extrusions. The features further alloW the devise to be 
easily held, manipulated and operated With one hand, or if 
necessary, adjustments can be made With the opposing hand. 
In one aspect of the invention, each of devices 100, 200, 300 
and 800 can be structured to be substantially entirely self 
contained, requiring no external poWer source, conduits or 
other external components for operation. 
[0046] In addition to, or in lieu of the button functions 
already herein described, button functions may include, but 
are not limited to, poWer (to turn the device on and off), inject 
(to inject the injectable material), eject (to eject a cartridge), 
adjustment (for injection speed or rate), menu (for electronic 
display screen), adjustment (electronic display screen menu 
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options), set/accept/enter (to accept an adjustment in a menu) 
and combinations of button described herein. 
[0047] In some embodiments, an inject button coupled to a 
pressure sensitive sWitch is provided in order that the delivery 
rate of the material may be adjusted based on the amount of 
pressure a user applies to the inject button. 
[0048] In addition, it is contemplated that the outer shell of 
the devices may have one or more light emitting devices to 
indicate states of the injection device. In one embodiment, the 
light emitting device is a light emitting diode (LED). The 
LEDs can be used to indicate status of the device and can be 
of different colors to indicate different stages of readiness. 
Some non-limiting examples include an LED Which is red to 
indicate that the device is not ready or green to indicate the 
device is ready. Additionally, a yelloW LED can be used to 
indicate that the cartridge is loW and needs replacing. 
[0049] Each device described herein may have at least a 
portion sealed to prevent ?uids or debris from entering the 
innerbody of the device. Methods of sealing a medical device 
of this type are knoWn in the art and can include, but are not 
limited to, o-rings, gaskets, sealants, silicones, thermoplastic 
elastomers, polymers, polymer coatings, sheaths, partial 
sheaths and Waxes. The external buttons described supra may 
be sealed to prevent ?uids or debris from entering the inner 
body of the device through the buttons location. 
[0050] The devices may further comprise an electronic dis 
play screen, such as display 106 shoWn in device 100 in FIG. 
1A-1C and display 806 shoWn in device 800 in FIG. 8A. 
Screens can include those commonly knoWn in the art that are 
easily vieWable by the operator including, but not limited to, 
organic light-emitting diode (OLED), light emitting diode 
(LED) or liquid crystal display (LCD). The display screen can 
display information about the device, about the cartridge, 
about the inj ectable material and/or about the injection itself. 
The screen can display some or all of the folloWing, non 
limiting, example information: company name and/or logo, 
device name, injectable material name and/or logo, device 
part number, inj ectable material (i.e. Product) part number, 
Product reference number, device lot number, Product lot 
number, Product volume, Product expiration date, cartridge 
volume, initial Product volume, remaining Product volume, 
Product volume injected into a speci?c anatomy of the 
patient, Product injection speed, depth of injection, needle 
force, needle gauge, needle length, patient name, patient 
identi?cation, location of inj ection (patient’s anatomy), date, 
time, language, number of uses or injections (until battery 
needs recharging or replacement), device status (e.g. ready, 
cartridge not loaded, cartridge empty, error), ?rmWare ver 
sion, poWer status (on, off, standby), battery poWer, battery 
poWer remaining, and/ or battery charging status. 
[0051] The information displayed on the screen may be 
displayed on the primary menu screen or on one or more 

user-selectable or user-con?gurable menu screens. The 
operator may easily customiZe the screen. The electronic 
display screen and operating system may be software or ?rm 
Ware upgradeable by any means knoWn in the art. 
[0052] FIG. 4 depicts an exemplary display screen. Display 
screen 400 can display information such as, but not limited to, 
inj ectable material (e. g. Product) expiration date 401, volume 
of Product remaining 402, starting volume 403, injection 
speed 404, and battery poWer indicator 405. There are several 
other possible screen con?gurations and information that can 
be displayed on the screen. One skilled in the art may envision 
other possible con?gurations and pieces of information that 
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may be useful on the screen and those con?gurations and 
pieces of information are considered Within the scope of the 
present description. 

The Inner Body 

[0053] The inner body of the devices 100, 200, 300, 800 
may comprise one or more of the folloWing components used 
to inject the injectable material into soft tissue in a patient 
from the cartridge through the needle: vacuum pump, air 
pump, motor (e.g. gear or step motor), gears (e.g. rack and 
pinion system or Worm gear), linear actuator, linear spine 
shaft, linear guide, air piston(s), springs (e.g. compression), 
magnets and/or replaceable compressed air cartridge. 
[0054] The inner body can comprise one or more motors or 
actuators to move internal components. The motor(s) and/or 
actuator(s) can drive one or more gears and can be driven by 
an appropriate voltage. The motor can have a maximum stall 
torque of 7,500 g cm, 5,000 g cm, or 4,480 g cm. The stall 
torque can have a minimum of 100 g cm, 250 g cm, or 396 g 
cm. The maximum ef?ciency torque can have a maximum of 
1,500 g cm, 1,000 g cm, or 900 g cm. The maximum e?i 
ciency torque can have a minimum of 50 g, 75 g cm, or 88 g 
cm. Further, the gear ratio of the motor and/or actuator can 
have a maximum of about 500:1, 350:1, or 300:1. The gear 
ratio of the motor and/or actuator can have a minimum of 

about 10:1, 25: 1, 30: 1, or 100:1. In one embodiment, the gear 
ratio can be about 298:1. In one embodiment, the motor is a 
Firgelli GM12-N20VA-08260-298-R gear motor (Firgelli 
Technologies, Inc. Victoria, BC, Canada). 
[0055] FIG. 5 is an exemplary, non-limiting, con?guration 
500 of various components Which may form part of device 
100 shoWn in FIG. 1A-1C, With housing 101 removed for the 
sake of clarity. Device 100 may comprise, for example, car 
tridge 507 couplable to needle 508, and motor 501 Whose 
driveshaft is ?tted With a ?rst gear 502. First gear 502 drives 
second gear 503. One skilled in the art Will appreciate that 
there are several gear/motor combinations Which can be used 
to achieve various linear drive speeds. In one embodiment, 
the device may comprise one or more Worm gears. Second 
gear 503 drives rack 504 Which engages plunger 505. Plunger 
505 is driven by rack 504 through cartridge 507. As plunger 
505 is driven through cartridge 507, the injectable material 
506 is forced out ofneedle 508. 
[0056] In some embodiments of the invention, device 100, 
200, 300 and 800 can include features enabling the device to 
mix different materials, products and medicaments, or medi 
caments Within the device and prior to injection. In one 
embodiment, the injectable material includes a solid or dry 
component, for example, a lyophiliZed component, and a 
liquid component, for example, a solvent such as saline for 
reconstituting the dry component prior to injection. In such a 
case, additional components of the device may be included. 
These include, but are not limited to, a vacuum pump, an air 
pump, a gear and/or step motor, one or more gears, a linear 
actuator, a linear spine shaft, a linear guide, an air piston, one 
or more springs, one or more magnets, and replaceable air 
cartridges. 
[0057] For example, FIG. 6 is a simpli?ed perspective vieW 
of internal components 600 of an embodiment of the inven 
tion Which alloWs for mixing different materials prior to 
injection into soft tissue. It should be appreciated that any of 
devices 100, 200, 300 or 800 can be constructed Within the 
scope of the invention to include internal components 600 
Which alloWs for mixing of materials prior to injection. Com 
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ponents 600 may include, for example, a miniaturized motor 
601 including driveshaft ?tted With a ?rst gear 602 Which 
drives second gear 603. One skilled in the art Will appreciate 
that there are several gear motor combinations Which can be 
used to achieve various linear drive speeds. In one embodi 
ment, the device may comprise one or more Worm gears. 
Second gear 603 drives rack 604 Which engages plunger 605. 
Plunger 605 is driven by rack 604 through cartridge 607. A 
vial 608 of a second material can be attached to a pump (not 
shoWn), Wherein the pump directs the second material 
through a one Way valve 610 and into cartridge 607. The ?rst 
material and the second material are mixed in cartridge 607. 
Cartridge 607 can be agitated by a vibration from a second 
motor 611 ?tted With a Weight 612. As the Weight, Which is 
out of balance, spins, the device vibrates agitating the mixture 
in cartridge 607. Plunger 605 is driven through cartridge 607, 
and the Product 606 is forced out of needle 613. 

[0058] The second material can be substance used to dilute, 
dissolve or saturate the ?rst material. In one embodiment, the 
second medicament is saline. In another embodiment, it is 
Water. In one embodiment, it is any appropriate solvent to 
dissolve a solid, free-dried, freeZe-dried, lyophiliZed, frozen, 
or aspirated product, or combinations thereof. 

[0059] The inner body of the devices may contain micro 
electronics, for example, at least one printed circuit board 
(PCB) to control electronic functions of the device. The PCB 
can control the display screen, pump, motor, linear actuator 
and/ or other poWered components. The PCB can be used to 
regulate the current and/or voltage delivered to the various 
electronic parts of the devices. 

[0060] In one non-limiting embodiment, the internal com 
ponents may comprise a motor as described above attached to 
a Worm gear Which drives a rack. The motor, an LCD display, 
microsWitch, insertion/ejection mechanism, and optical 
encoder may all be controlled by a PCB. The PCB may be 
poWered by a battery located adjacent to the PCB. 
[0061] In one embodiment, the at least one cartridge housed 
in the inner body of the device maybe be ejected manually, 
automatically, or semi-automatically. Automatic methods can 
be devised using one or more of the folloWing, non-limiting 
components: motor (e.g. gear or stepper), gears (e.g. rack and 
pinion, Worm or Worm gear), linear actuator, air piston, 
springs (e.g. compression or extension) and/ or magnets. 
[0062] The devices described herein may contain a force or 
strain gauge used to measure the puncture force and depth of 
the needle through the patient’s skin. The depth of the inj ec 
tion can be important for certain types of Products and their 
respective absorption rates. The puncture force can be instru 
mental to reducing injection pain as it can serve to adjust the 
force of the needle puncture depending on the skin type and 
needle gauge. 

[0063] In one embodiment, the devices described herein 
comprise a linear variable differential transformer (LVDT). 
An LVDT can be used to measure liner displacement. The 
LVDT can be used to measure the depth of the needle through 
the patient’s skin or tissue or can be used to measure the depth 
of the plunger into the cartridge, thereby measuring the 
amount of Product dispensed from the device. 
[0064] The devices described herein may comprise a tem 
perature controlled unit. The unit can comprise a jacket that 
surrounds the cartridge thereby alloWing the operator to keep 
the Product either heated or cooled before, during, and 
betWeen injections. This may be more critical for some Prod 
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ucts more than others, for example, Products that must be kept 
refrigerated Would bene?t from this technology. 

The Cartridge 

[0065] The devices 100, 200, 300, 800 can comprise one or 
more cartridges, for example, cartridge 507 and 607 shoWn in 
FIGS. 5 and 6 respectively, for containing an injectable mate 
rial. The cartridge can comprise any suitable material of con 
struction, for example, a rigid thermoplastic, thermoplastic 
elastomer, silicone, glass, metal, composite materials or any 
combination thereof. The cartridge can have an outer diam 
eter of about 1/16 inch to about 1 inch. The cartridge may have 
an inner diameter of about 1/16 inch to about 7/s inch. The 
length of the cartridge can be from about 1/2 inch to about 6 
inches. 
[0066] The cartridge can accommodate material volumes 
from about 0.1 mL to about 60 mL, more preferably, about 0.1 
mL to about 10 mL. The cartridge can contain a speci?c or 
predetermined amount of material to be delivered to a patient. 
The cartridge can have a luer-tip or slip-tip end (both com 
monly seen on ordinary medical syringes). An example of a 
luer-tip end can be seen in FIG. 5. 
[0067] The cartridge can have various outer cross section 
designs and the inner body chamber may be designed to 
accommodate the designs. The outer cross section design can 
be selected from the folloWing non-limiting examples: round, 
elliptical, rectangular, square, or polygon in shape. In a pre 
ferred embodiment, the cross section design is round. In some 
embodiments, the cartridge is substantially cylindrical in 
shape and has an inner diameter of betWeen about 0.25 inch to 
about 1 inch, or betWeen about 0.18 inch to about 0.35 inch. 
[0068] In one embodiment, the cartridge has a unique shape 
to be used only With one of the devices described herein, such 
as feature 708 in FIG. 7. 

[0069] The cartridge can have a protruding or snap feature 
used to lock the cartridge into the inner body of the devices 
When it is fully inserted. This feature can also be a protruding 
or snap feature found on the inner body of the devices. 
[0070] The cartridge can comprise a needle or is structured 
to be couplable to a needle. The needle may be integrated or 
may be an interchangeable needle. In some embodiments, the 
device is structured to inject material at a user de?ned inj ec 
tion rate through a needle of at least about 10 G, for example, 
betWeen about 23 G and about 34 G, for example, betWeen 
about 27 G and about 32 G. The length of the needles used can 
be any appropriate length knoWn in the art, for example, the 
needle may have a length of betWeen about 1/16 inch and about 
3 inches, for example, betWeen about 1A inch to about 2 
inches, for example, betWeen about 1/2 inch to about 11/2 
inches. 
[0071] The cartridge may further comprise a one-Way 
valve. The one-Way valve may comprise an adjustable ori?ce 
used to regulate the speed or force of material being injected. 
This one Way valve may be adjustable manually or electroni 
cally, controlled by the printed circuit board (PCB) found in 
the inner body. 
[0072] The cartridge can comprise an electronic identi?ca 
tion tag a?ixed to the outside of the cartridge. In one embodi 
ment, the electronic identi?cation tag is a radio-frequency 
identi?cation (RFID) tag. The information contained in the 
RFID tag can be processed by a radio-frequency reader 
housed in the innerbody of the devices.As such, the RFID tag 
can contain and relay speci?c information to the devices 
When the cartridge is inserted. Exemplary information that 
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can be stored on an RFID tag include, but is not limited to, 
Product name, Product reference number, Product part num 
ber, Product prescription (Rx) number, Product lot number, 
Product volume, Product expiration date, Product ef?cacy, 
Product concentration and/ or Product Weight. The informa 
tion processed by the device can be displayed on the elec 
tronic display screen and/ or stored in the device itself. 
[0073] The cartridge can comprise one or more external 
features, such as ridges, detents and/or depressions. The 
external features alloW the cartridge to be read and identi?ed 
by optical encoder(s) and/or microsWitch(es) that are housed 
in the inner body of the devices. Exemplary information that 
can be identi?ed using external features include, but is not 
limited to, Product name, Product reference number, Product 
part number, Product Rx number, Product lot number, Prod 
uct volume, Product expiration date, Product ef?cacy, Prod 
uct concentration and/or Product Weight. The information 
processed by the device can be displayed on the electronic 
display screen and/ or stored in the device itself. 
[0074] A dual chamber cartridge is depicted in FIG. 7. One 
skilled in the art Will understand that a multi-chamber car 
tridge is not limited to tWo chambers, but rather can have three 
or more. Multi-chamber cartridge 700 comprises at least tWo 
plungers. The ?rst chamber 703 can be ?lled With a bioactive 
agent, a solvent, or any other appropriate ?uid. Plunger 701 is 
advanced through chamber 703 thereby advancing the con 
tents of chamber 703 into plunger 702 and thereby advancing 
plunger 702 to channel 707. Once plunger 702 reaches chan 
nel 707, the contents in chamber 703 are alloWed to pass 
through channel 707 into chamber 704. The speed that the 
contents of chamber 703 are passed through channel 707 can 
be monitored and the force applied to plunger 701 can be 
adjusted to advance it at an appropriate rate. Chamber 704 can 
be ?lled With a bioactive agent, a solvent, or any other appro 
priate ?uid. In one embodiment, chamber 704 can be at least 
partially ?lled With a solid form of a bioactive agent 705 
Which needs to be reconstituted. As plunger 701 advances 
toWard plunger 702, the contents of chamber 703 are trans 
ferred to chamber 704 and mixed With, in one embodiment, a 
solid form of bioactive agent 705. Once plunger 701 reaches 
plunger 702, the contents can be alloWed to mix (although 
there need not be a pause). Then, plungers 701 and 702 
together are advanced toWards the front of chamber 704 
thereby extruding the mixture out of the needle 706. 
[0075] In some embodiments, the contents of chamber 703 
can be transferred to chamber 704 by other means than chan 
nel 707. In one embodiment, plunger 702 can be semi-per 
meable and then pressure is applied to plunger 701, the con 
tents can be alloWed to advance through the semi-permeable 
membrane. In another embodiment, a needle can be situated 
to puncture plunger 702 to alloW the contents of chamber 703 
to advance into chamber 704. Other possible plunger con?gu 
rations are Within the scope of the present description. 

The Product 

[0076] The inj ectable materials comprise one or more bio 
compatible materials. The materials include, but are not lim 
ited to, dermal ?llers, hyaluronic acid-based dermal ?llers 
(e. g. JuvedermTM Ultra and JuvedermTM Ultra Plus (Allergan, 
Irvine, Calif.)), hydrogels (i.e. superabsorbent natural or syn 
thetic polymers), organogels, xerogels, encapsulated and/or 
cross-linked biomaterials, silicones, glycosaminoglycans 
(e. g. chondroitin sulfate, dermatin sulfate, dermatin, derma 
tin sulfate, heparin sulfate, hyaluronic acid, o-sulfated hyalu 
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ronic acid), polysaccharides (e.g. chitosan, starch, glycogen, 
cellulose), collagen, elastin, local anesthetics (e.g. Ben 
Zocaine, Chloroprocaine, Cyclomethycaine, Dimethocaine/ 
Larocaine, Propoxycaine, Procaine/Novocaine, Propara 
caine, Tetracaine/Amethocaine, Amino amides, Articaine, 
Bupivacaine, Carticaine, Cinchocaine/Dibucaine, Eti 
docaine, Levobupivacaine, Lidocaine/Lignocaine, Mepiv 
acaine, Piperocaine, Prilocaine, Ropivacaine, Trimecaine), 
drugs, bioactive agents, antioxidants, enZyme inhibitors (e.g. 
anti-hyaluronidase), vitamins, minerals, Water, saline, light 
curable or light activated materials, vaccines, and pH curable 
or pH activated materials. Other biocompatible materials not 
mentioned above are also considered Within the scope of the 
present description. 
[0077] The injectable materials may be made up of a ?rst 
material and a second material that is mixed With the ?rst 
material prior to injection, as described elseWhere herein. In 
some embodiments, the second material is a bioactive agent 
Which facilities delivery of the ?rst during injection (eg to 
reduce extrusion force). Additional bioactive agents may 
include anti-proliferatives including, but not limited to, mac 
rolide antibiotics including FKBP-l2 binding compounds, 
estrogens, chaperone inhibitors, protease inhibitors, protein 
tyrosine kinase inhibitors, leptomycin B, peroxisome prolif 
erator-activated receptor gamma ligands (PPARY), hypothe 
mycin, nitric oxide, bisphosphonates, epidermal groWth 
factor inhibitors, antibodies, proteasome inhibitors, antibiot 
ics, anti-in?ammatories, anti-sense nucleotides and trans 
forming nucleic acids. Drugs can also refer to bioactive 
agents including anti-proliferative compounds, cytostatic 
compounds, toxic compounds, anti-in?ammatory com 
pounds, anti-fungal agents, steroids, chemotherapeutic 
agents, analgesics, antibiotics, protease inhibitors, statins, 
nucleic acids, polypeptides, groWth factors and delivery vec 
tors including recombinant micro-organisms, liposomes, and 
the like. Combinations of additional bioactive agents are also 
Within the scope of the present description. 
[0078] Other injectable materials include toxins such as 
botulinum toxins. The botulinum toxin can be selected from 
the group consisting of botulinum toxin types A, B, C l, D, E, 
F and G, a pure or puri?ed (i.e. about 150 kD) botulinum 
toxin, as Well as a native or recombinant botulinum toxin. The 
material can comprise betWeen about 1 unit to about 20,000 
units of the botulinum toxin or a therapeutically effective 
amount, and the composition can comprise an amount of 
botulinum toxin su?icient to achieve a therapeutic effect last 
ing between 1 month and 5 years. The botulinum toxin can be 
reconstituted Within the device as described elseWhere herein 
or before the cartridge is placed in the device. The botulinum 
toxin can be reconstituted With sterile 0.9% sodium chloride 

(saline). 
[0079] The dilution ratio can be 1 to 100 units of botulinum 
toxin per 0.1 mL of saline. More preferably, 1 to 50 units per 
0.1 mL of saline, or 1 to 10 units per 0.1 mL of saline. In one 
embodiment, 4 units per 0.1 mL of saline can be used. The 
dilution ratio Will be highly dependent on the type of botuli 
num toxin used or combination of botulinum toxins used. 

Additional Features 

[0080] PoWer to the device can be supplied by such means 
as a direct connection to anAC/ DC poWer source, this can be 
accomplished using an electrical plug. Using a direct connec 
tion to a poWer source as described above requires that the 
devices be restrained by the poWer cord. In one embodiment, 
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the devices are substantially entirely powered by one or more 
batteries located in the device shell. The batteries may be 
common non-rechargeable types such as, but not limited to, 
A, AA, AAA, C, D, and 9V. The one or more batteries used 
may be rechargeable batteries. The rechargeable battery(s) 
can be charged through induction or through direct-connect 
interface to an AC/ DC poWer source. In one embodiment, the 
rechargeable battery(s) may be a permanent battery that 
charges Within the devices and is not removed by the operator. 
The rechargeable battery(s) may be semi-permanent meaning 
they are charged inside the devices, but can be replaced if the 
battery(s) expire or malfunction over time. The rechargeable 
battery(s) may be operator replaceable of either standard or 
non-standard type batteries. The operator replaceable 
rechargeable batteries may be charged Within the devices or 
outside the devices. The operator replaceable rechargeable 
batteries charged outside the devices can be speci?c for the 
devices and comprise a series of standby batteries ready for 
rapid sWapping. 
[0081] The devices can comprise one or more means of 
electronic storage. The storage can be built-in internal storage 
(e.g. random access memory, ?ash memory, read only 
memory, microdrive). The internal storage may be built 
directly into the PCB. The storage can be an external source. 
The device can comprise a slot to Which an external storage 
device may be connected or inserted. Such external storage 
devices include, but are not limited to universal serial bus 
(USB) drives, ?reWire drives, ?ash and media cards, and 
microdrives. 
[0082] The internal or external storage can contain infor 
mation about the device and/or the cartridge or product asso 
ciated With the device. The information can include, but is not 
limited to, operating softWare, ?rmWare, device usage statis 
tics, patient information, patient name, patient identi?cation, 
Product name, Product part number, Product Rx number, 
Product lot number, Product expiration date, date of inj ection 
(s), time of injection(s), area(s) of injection(s), injection vol 
ume(s), injection volume(s) per area injected, total volume 
injected, and operator name. 
[0083] The devices may further comprise a stand (not 
shoWn). The stand can function as a convenient place to store 
the device When it is not in use. The stand may further be used 
to charge the device. A single stand may comprise multiple 
devices. The stand can further comprise a port (e.g. USB, 
?reWire) from Which data can be transferred to and from the 
device’s internal or external storage or devices housed in the 
stand. The data can be synchronized With database softWare 
stored on a standalone or netWorked computer. The stand may 
further comprise the components to Wirelessly netWork the 
injection device and its data contents for retrieval Wirelessly 
throughout a netWork. 

[0084] The devices can be ?tted With a poWer speaker 
driven by the poWer source and controlled by the PCB. The 
speaker can produce audible tones When the device needs 
attention. Such instances that may require attention include, 
but are not limited to, loW battery poWer, empty cartridge, 
con?rmation of a setting, poWer on and poWer off. 

[0085] The devices may have an outer tip that can come into 
contact With the patient’s skin at the future site of injection. 
The tip may be cooled, thereby reducing the pain associated 
With needle punctures through the skin. The tip can be made 
of a metal or metal alloy. The cool touch of metal alone may 
be all that is required to reduce the pain associated With a 
needle puncture, but more extreme cooling may be required. 
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Methods of cooling are knoWn in the art and may include 
liquid nitrogen and/or a Peltier device. 
[0086] The devices described herein can further comprise 
at least one light source. The light source may be ?xed or 
adjustable. In one embodiment, the light source can be a 
source of visible light such as an LED, to assist the operator in 
vieWing the site of injection. In one embodiment, the light 
source is ultraviolet (UV). UV light can be used to cure or 
activate the Product that has been injected into the skin. The 
Wavelength of UV light used can be determined by the opera 
tor depending on the absorption spectrum of the Product 
being injected. In one embodiment, the light may be produced 
by a laser, such as a laser pointer. The laser pointer light can 
assist an operator in precisely controlling the location of the 
injection. 
[0087] The injection devices described herein can inject 
materials that are di?icult or even impossible to inject manu 
ally using a conventional syringe and plunger due to the high 
extrusion forces necessary to inject them. The present devices 
are capable of injecting such materials in a highly controlled, 
precise manner through a various range of needle gauges. The 
needle gauge can be at least 10 G to as high as 50 G. For 
example, the needle gauge may be a gauge in a range of 
betWeen about 23 G to about 34 G, for example, betWeen 
about 27 G to about 32 G. The devices can deliver Product at 
a rate of about 0.001 to about 1 mL/sec. More preferable 
injection speeds can be betWeen 0.004 to 0.05 mL/sec. The 
rate of delivery is highly dependent of the viscosity of the 
Product being delivered and the density of the tissue being 
injected. Generally, a highly viscous Product Will require a 
higher extrusion force relative to a required extrusion force 
for a relatively loWer viscosity Product the devices described 
herein can inject the material, for example, at the desired rate, 
With extrusion forces of at least about 50 NeWtons (N) and up 
to about 200 N. 

[0088] FIG. 9 depicts a logic diagram of the internal com 
ponents in an exemplary embodiment of the invention. 
[0089] The device components may include a charging 
dock connector 901, charging integrated circuitry 902 Which 
manages the charging and discharging of the battery 903, for 
example a rechargeable lithium-ion cell battery, Which is the 
main poWer source for the device, and reports status changes 
to the programmable microcontroller 904. A 3.0V poWer 
supply 906, provides poWer for the circuitry. A boost con 
verter 908 creates 5V that is used to drive the motor 910. H 
Bridge 909 controls the speed and direction of the motor 910, 
for example a DC motor, Which is used to drive the piston in 
the cartridge (piston and cartridge not shoWn in FIG. 9). A 
backlight driver 914 activates a backlight on the liquid crystal 
display screen 916. Buttons 918 alloW for user input, for 
example, of a desired injection rate. A product identi?er 920 
reads the cartridge (not shoWn) as described elseWhere herein, 
and through microcontroller 904, noti?es the user of the 
product in the cartridge. In an exemplary embodiment, but 
tons 918 include a pressure sensitive sWitch, for example, a 
commercially available, a thin, ?exible pieZoresistive force 
sensor called FlexiForce model no. A201 in the 0-25 lb (110 
N) force range, manufactured by Tekscan. 
[0090] The components can Work together to sense car 
tridges that are inserted into the device. The device can 
include sensors (as described infra) capable of detecting cor 
rect insertion of different types of injection cartridges. The 
cartridges can be marked by features such as bumps, ?ags, 
light and dark lines, or other means knoWn in the art. 










