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CRANIOFACIAL IMPLANT MADE OF
POLYETHER ETHER KETONE (PEEK)
WITH DEPOSITS TO STORE AND RELEASE
ACTIVE SUBSTANCES OR ACTIVE
INGREDIENT

FIELD OF THE INVENTION

[0001] The present invention relates to the biomedicine
field. More particularly, it relates to a craniofacial implant
made of polyether ether ketone (PEEK) material that has
reservoirs to store and dispense substances or active ingre-
dients to the implant site.

BACKGROUND OF THE INVENTION

[0002] In the course of surgical procedures, infections are
conditions that frequently develop into emergencies that can
determine the failure or success of a procedure. In surgeries
where the procedure involves the insertion of a prostheses,
periprocedure complications remain a significant concern.
One of the most common and complex complication is
bacterial surgical infections that can give rise to delayed
wound healing, as well as increased monetary costs for the
patient, and in severe cases, even death (Chengzhe et al,
2021). These kind of infections account for the 15 to 30%
in-hospital infections with a mortality rate of 0.6 to 1.9%
(Hernandez et al., 2020).

[0003] The incidence of post-surgical infections depends
on the site, and ranges from <1 to 2% for joint replacements
and up to 10% for spinal surgeries, moreover, infection rates
also depend on the health of the patient and are expected to
increase among risk patients (aging, diabetic, obese, and
those with metabolic syndrome and immunocompromised
patients) (Delaney et al., 2019).

[0004] In Chile, surgical wound infections have remained
as the third most common infection, where its indicators
consider specific surgery patients with surgical site wound
infections, prosthesis implantation surgeries included among
these (MINSAL, 2019).

[0005] Several studies have reviewed the postoperative
surgical site infection phenomena associated with implan-
tation. In a review study that includes a meta-analysis of 227
articles where 1118 cases of infection were reported, the
overall infection rate was 4.87%, this rate being more
serious on neurosurgical procedures. In this study, the pres-
ence of gram-positive bacteria such as S. aureus, coagulase-
negative Staphylococcus and P. acnes were identified (Chen,
Y., et al,, 2019).

[0006] The Kwarcinski J. and colleagues review document
highlights a wide variation in reported infection risk for
different materials in cranial repair. It is pointed out that
these composite materials are to mimic natural bone and
assist in restoring function (structurally and aesthetically) to
the human but that they are not missing potential infection
risks. According to the results of the review, (where a total
of 41 articles met the author’s inclusion criteria) average
infection rates per material ranged between 2.04% and
10.98%. Results indicate that variation exists between mate-
rials in regards to total infection risk, however, depending on
the compared materials, this value may prove to be be
insignificant. Alternative risk factors associated with infec-
tion, including operating time, surgical revision and previ-
ous infections, have a greater impact on the infection poten-
tial than material variation. Comparison of fabrication
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methods did highlight a notable effect on average infection
rate. Trends can be observed showing that materials with
greater levels of surface interaction and active support of
tissue ingrowth presented greater infection resistance. In the
case of PEEK material infection rates varied between 0.00%
and 14.29%, with an average infection rate of 7.89%, a
standard deviation of 5.16% and a relative risk of 0.75
(Kwarcinski et al., 2017). Inflammation on the surgery site
due to the presence of the implant is another difficulty
observed.

[0007] Prostheses have been continuously updated so that
risks associated with infections are reduced, for example, the
bone cement has been enhanced to have mechanical and
antibacterial properties, so infection risk is reduced. Not so
for uncemented prostheses, which currently have limited
properties for preventing and treating bacterial infections
where available strategies basically involve revision surgery.
(Chengzhe et al, 2021).

[0008] The use of materials such as PEEK poses as an
alternative as material for the manufacturing of implants in
clinical applications. This material is biocompatible, chemi-
cally stable, and radiolucent and has an elastic modulus
similar to that of natural bone (Gu et al., 2021). There are
studies that assess the use of prostheses manufactured with
PEEK material that exhibit antimicrobial activity after being
implanted on patients to reduce post-surgery infection risks.
[0009] For example, in 2019, Delaney and colleagues
described a PEEK antibiotic reservoir that could be incor-
porated to a patient as a spinal implant. This implant could
achieve slow antibiotic release and/or other compounds,
where said reservoir was made with porous material so the
controlled and slow antibiotic release was achieved when
applying ultrasound (Hernandez et al., 2020).

[0010] Studies on prostheses made with PEEK materials
coated with nanoparticles or in alloys with other materials
that could present antibacterial activity have been carried
out. The 2018 Yan and colleagues document describes a
silver nanoparticle and gentamicin sulfate coating con-
structed upon a porous PEEK surface (Yan et al., 2018). The
coating greatly enhanced the bactericidal efficiency to
Gram-positive bacteria and Gram-negative bacteria, more-
over, while the number of viable bacteria adhered to this
coated PEEK was lower than that adhered to uncoated
PEEK sample (Yan et al., 2018).

[0011] Xue and colleagues developed in 2020 a layer-by-
layer (LLBL) deposition method with controlled cycles to
rapidly construct brushite (CaHPO4-2H20) (CaP) layers
containing gentamicin sulfate (GS) on PEEK to obtain
CaP-and-GS modified PEEK (PEEK/CaP-GS) (Xue et al.,
2020). Authors describe that in vitro antibacterial experi-
ments illustrated that all of the PEEK/CaP-GS samples had
excellent and sustained antibacterial properties, while cell
proliferation experiments revealed the acceptable biocom-
patibility and cell osteogenic differentiation (Xue et al.,
2020). On the other hand, on the 2016 Lazar and colleagues
document a fiber-reinforced composite coated with gentami-
cin implant for craniofacial reconstruction with antimicro-
bial properties was developed. Results on this study showed
that bacteria were efficiently inactivated in direct contact
with gentamicin coatings (Lazar et al., 2016).

[0012] Chengzhe and colleagues, on their document pub-
lished in 2021, present an study where a PEEK implant was
developed to simultaneously fight off bacterial contamina-
tion and promote osseointegration by sustained release of
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moxifloxacin hydrochloride (MOX) and osteogenic growth
peptide (OGP) from polydopamine (PDA)-coated porous
sulfonated PEEK (SPK) surface. (Chengzhe et al, 2021).
Results indicate that the MOX/OGP PDA-modified SPK
(SPD-MOX/OGP) surface exhibited a durable and excellent
antibacterial effect against planktonic/adherent Staphylococ-
cus aureus and Escherichia coli in vitro. Besides, a emark-
able enhancement in specific cell adhesion, proliferation and
osteogenicity were observed on the SPD-MOX/OGP sub-
strate due to the presence of OGP and PDA molecules
compared to all other groups. (Chengzhe et al, 2021).
[0013] Implants for bacterial control on the implant site
have also been described on patent documents. For example,
the CN101432030B document describes a a three-dimen-
sional body or reservoir including one or more implantable
substances. Said reservoir can receive amounts of liquid.
The reservoir and the liquid can forma conformable implant-
able material such as a putty. Other document such as
WO02007001624 A2 divulges an implantable medical device
for use in the treatment of osteonecrosis. Said implantable
device is adapted for insertion into one or more channels or
voids in bone tissue; a plurality of discrete reservoirs located
in the surface of the at least one implant device body; and at
least one release system disposed in one or more of the
plurality of reservoirs, wherein the release system includes
at least one drug selected from the group consisting of bone
growth promoters, angiogenesis promoters, analgesics,
anesthetics, antibiotics, and combinations thereof.

[0014] The US20170056565A1 divulges a biocompatible
clip made of PEEK for the treatment of surgical site infec-
tions, that is attached to an implant. This clip comprises a
reservoir and a reservoir opening, wherein the reservoir
opening is sealed with a pressure responsive material that
can be ruptured upon application of a force to said material.
Said reservoir is filled with a therapeutic selected from the
group consisting of: an antibiotic, anti-viral, pain medica-
tion, growth factor, anti-fungal, antimycobacteria chemo-
therapeutic, osteogenic, non-toxic factor or metabolite, such
as ascorbate to increase bone formation, parathyroid hor-
mone, peptides, peptoids, NSAIDs, analgesics, or combina-
tions thereof.

[0015] The U.S. Pat. No. 8,821,912B2 document
describes methods of fabricating implantable medical
devices, than can be manufactured with PEEK, having
antimicrobial properties. The antimicrobial effect of these
devices is produced by incorporating ceramic particles con-
taining antimicrobial metal cations into molten PEEK resin,
which is subsequently allowed to cool and set in its final
shape achieved by injection molding, cutting and machining
or other techniques.

[0016] Although advances on the fabrication of prostheses
with antibacterial properties have been made and described
on the state of the art, there is still a need to avoid the onset
of infections on the implant site on a prolonged and con-
trolled manner.

[0017] Itis acknowledged on clinical practice that the first
48 to 72 hours after implant insertion surgery are vital, so
implant alternatives are required to be able to sustain a
prolonged antimicrobial environment during this time
course to avoid infection onset.

[0018] Current proposals until now refer to implants with
close-contact momentary antimicrobial action, or that
require the functionalization with nanoparticles, making the
implant production technically complicated and more
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expensive. In other cases, clips or external devices are
attached to the implant surface, this involves the complica-
tion of the production and spatial adjustment of the complex
cranial implant on the patient.

[0019] Therefore, there is a need for a craniofacial implant
that can be able to release clinically relevant active ingre-
dients of interest on a constant and prolonged manner into
the implant site. This would allow on some cases, to exert or
promote a prolonged and controlled antimicrobial environ-
ment during the first hours after the implant fixation to avoid
the onset of infections, and that also is a simple implant with
a lower production and working cost.

[0020] The present application describes an implant, par-
ticularly a craniofacial implant made from PEEK, that
comprises one or more storing reservoirs or chambers that
can hold active ingredients or substances in liquid form or
liquid format therein that can be released in a gravity-
controlled and gradual manner on the bone replacement site.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] The invention relates to a craniofacial implant
made of polyether ether ketone (PEEK) that has reservoirs
to store and dispense or active subtances or ingredients,
because said implant comprises:

[0022] One or more internal ovoid chambers or reservoirs
(1) with walls 2.5 to 4 mm thick, that store a liquid or active
substance in liquid form to be released in a gradual and
prolonged manner into the implant site,

[0023] tubes (2) that interconnect the internal chambers
or reservoirs with the entry and exit openings, defined
as:

[0024] a) an entry tube that connects the entry open-
ing (3) with the reservoir (1) in such a way that it
includes a funnel system that includes an 1.5 to 2.0
mm diameter liquid entry or input opening that
widens to a 2.0 to 3.0 mm wide tube that then
continues to the reservoir.

[0025] D) an exit tube that connects the chamber or
reservoir (1) with the exit opening (4) that includes
a transition funnel system that is 0.7 to 2.0 mm wide
on its upper part and 0.7 to 1.5 mm wide on its lower
part, depending on the diameter of the exit opening
).

[0026] One or more entry openings (3) on the upper part
of'the implant depending on the number of reservoirs, where
said opening is the entry or input for the liquid to reach the
reservoir or reservoirs (1), where the opening is 1.5 to 2.0
mm wide and is blocked by a PEEK filament plug or a
titanium screw,

[0027] One or more exit openings (4) on the lower part of
the implant depending on the number of reservoirs as
gradual and prolonged release of the liquid or active ingre-
dient to the implant site, where the exit opening is 0.7-1.5
mm wide and has a plug or system to seal the implant to
prevent the escape of the liquid when the implant has not
been properly set yet.

[0028] The craniofacial implant described on the present
invention avoids post-implant infections, particularly, bac-
terial infections. This effect is achieved thanks to the sus-
tained, controlled and prolonged release of a liquid, active
substance or ingredient in liquid form.

[0029] The inventors have specifically defined the design
and spatial location of each component inside the implant so
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that big enough chambers or reservoirs are available to
accumulate a considerable amount of liquid or active sub-
stance or active ingredient in liquid form, but that at the
same time the implant does not lose its structural charac-
teristics and properties.

[0030] The inventors carried out a series of experimental
iterations to define the best structural conditions for size,
length and diameter of each part or component of the
craniofacial implant of the present invention. It posed a
technical and design challenge to produce an implant with
one or more chambers or reservoirs system, or a rather a
multi-reservoir inner liquid storage with appropriate capac-
ity. More complex an important, how the liquid of interest is
added and released from the implant to the patient.

[0031] So, it was empirically defined on the iterations that
the reservoir may contain one or more storage chambers or
reservoirs depending on the stored liquid release require-
ment. Particularly, implants with a mL filling capacity
reservoir and implants with 2 or more reservoirs to contain
at least 2.5 mL of the active substance or ingredient in liquid
format or format were defined.

[0032] Even when it was initially observed that controlling
the liquid flow and the entry and exit openings to achieve its
controlled and sustained release was complex in the
implants with two or more chambers, the inventors included
on their experimental iterations the definition of each entry
and exit opening diameter, along with the length and spatial
disposition of the sealing components (plug) that prevent the
release of the liquid when the implant has not been used yet
and that allow for its proper performance.

[0033] When the inventors assessed the diameters of the
entry and exit openings, they also encountered different
problem areas for the proper and sustained release of the
liquid or active substance that is stored within the reservoirs.
In the present invention the conditions for the reservoir or
capsule and entry and exit opening sizes correlate with the
regulation of exit or release for the active liquid or active
substance in liquid form from the reservoirs to the its
environment.

[0034] As part of the experimental iterations, the inventors
defined that the entry openings on the upper part of the
implant to load the liquid or active substance, must be of an
appropriate diameter so it can be coupled with a syringe that
allows the entry of said liquid or active ingredient to the
implant. In turn, the orifice must not collapse nor allow for
the liquid leakage or overtlow. In that sense, the inventors
have defined that the entry tube that connects the entry
opening (3) with the reservoir (1) includes a funnel system
that includes an 1.5 to 2.0 mm diameter for liquid entry or
input that widens to a 2.0 to 3.0 mm wide tube that then
reaches the reservoir through said tube, where the entry
orifice is 1.5 to 2.0 mm wide.

[0035] As part of the improvements, an additional section
was added to the entry orifice of the implant to insert a piece
of filament for it to work as a plug. This plug can be
manufactured from PEEK material or can consist on a
titanium screw.

[0036] In the case of the exit openings on the lower part of
the implant as an opening for the gradual and prolonged
output of the liquid or active substance at the implant site,
the inventors observed on the tests that were performed in
the application examples that there was a need for further
regulation of the liquid exit from the reservoirs or capsules
so the effective release and exposition time on the environ-
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ment or implant site is enhanced. It is of importance to note
that the inventors have defined all of the conditions of the
funnel system, entry and exit diameters and minimal length
and width for each structure within the implant design, in
such a way that it allows for the prolonged release os the
active substance in liquid format.

[0037] This way, the inventors defined that the implant
must have one or more exit openings (4) on the lower part
of the implant depending on the number of reservoirs as
gradual and prolonged release of the liquid or active ingre-
dient to the implant site, where the exit opening is to 1.5 mm
wide and has a plug or system to seal the implant to prevent
the escape of the liquid when the implant has not been
properly set yet. Regulation of the size and diameter of the
exit opening and the remaining measurements that the
inventors have defined for each structure within the implant
allow for the gradual release of the liquid or active substance
in liquid format.

[0038] In the case of the tubes that interconnect to the
chambers or reservoirs, they are arranged as tubes in the
upper part of the chambers or reservoirs that become the
entry orifices for the incorporation of said liquid to said
reservoirs and as tubes that go from the deposits to the lower
or bottom part of the implant and that become the exit
openings with controlled diameters and defined at is has
already been described on this document. The tubes for all
the systems, both for the entry and the exit system must be
at least 10 mm long and no more 15 mm long, this minimum
length results from the tests that were developed for the
liquid to enter in an appropriate way to the chamber or
deposit.

[0039] In one of the forms of the invention, the release of
the liquid or active substance in liquid form is directly
related with the delivery of active ingredients to the implant
site after its inclusion on the body of the patient. In that
sense, the release of active substances in liquid format from
the implant to the implant site allows for an specific effect
to take plane in a sustained manner at the implant site after
the surgical procedure. In one of the forms of the invention,
the prolonged and sustained release from the first days after
the implant allow to avoid or decrease postoperative infec-
tions. The sustained release of active substances during the
first hours after a surgical procedure, such as antibiotic and
anti-inflammatory substances, helps to avoid bacteria colo-
nization that may cause infections at the implant site. As it
is shown in the application examples, particularly FIG. 1, as
part of application example 1, where the implant drip
releases liquid. The inventors defined specific sizes for said
drip release as part of a prolonged release mechanism on the
implant zone.

[0040] In one of the forms of the inventions, the release of
active substances or ingredients in liquid form from the
implant allow for a local clinical effect depending on the
active substance type, without being limited to, antibiotics,
anti-inflammatories, analgesics or other active substance.
Chemotherapeutic agents or any other soluble active sub-
stances that may constitute a solution are also included as
active substances. As part of the reach of the invention, at
least one active substance may be included, with the possi-
bility of including more than one, where said substances
may be included within the same reservoir or on separate
reservoirs.

[0041] The inventors have shown in the application
examples 2 and 3 that the implants that are within the scope
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of the invention can release a liquid or active ingredient in
liquid form in a prolonged manner from one or more
chambers or reservoirs or capsules included within the inner
structure of the implant. The physical, spatial and sizes
arrangements of each implant component allow for the
release of the liquid substance fro the 24 hours and up to 11
days after the incorporation of any substance in that format.
Even in simulated movement conditions (head movement
simulation of the patient) this sustained and prolonged
release was observed from the implant to its environment for
several days.

[0042] These results show that the implant that is
described in this invention is functional and releases in a
sustained and prolonged manner the liquid or substance in
liquid form included within the chamber or chambers of the
implant.

[0043] It is important to emphasize that the results that
were shown in the application examples 1 to 6, in particular
for the 5 and 6 examples, while it is true that the tests were
performed using vancomycin as active substance, both the
tests and results are valid and can be extrapolated for ant
other active substance that can be solubilized in any appro-
priate solvent, in this case pharmaceutically acceptable
solvents or vehicles. An example of solvent can be water,
physiological saline solution, potassium dibasic phosphate
buffer, saline phosphate buffer or any other acceptable buffer
or vehicle for its administration on a living being, particu-
larly a human being. In that sense, it falls within the scope
of this invention the possibility to include any active sub-
stance that can be soluble in a pharmaceutically acceptable
vehicle in accordance to what has been previously stated.
[0044] In example 5 the analysis for the release concen-
tration and rate is shown. The amount of released vanco-
mycin in the first hour was of 13087.5 pg. Then, in hour 2,
a decrease in the released amounts can be observed with
548.5 ug of active substance that then is increased at hour 4
with 1232.5 pg of active substance. For the 8 and 12 hours
of'the assay an increase of 3505.5 pug and 4309.4 ug was also
observed, respectively.

[0045] Regarding the release rate at the first hour a high
vancomycin release rate was observed with a mean value of
218 pg/ml, that then decreased in the time elapsed from the
first to the second hour, to then increase and maintain the
prolonged release. This release kinetic allows to indicate that
there is an initial fast or higher release of the active sub-
stance to then keep an steady and prolonged release.
[0046] Inapplication example 6 it is demonstrated that the
active substance loaded within the reservoir or reservoirs
remains stable and does not lose its structure nor is
degraded, so it remains functional. In this particular case, the
stability of a vancomycin solution was assessed in an
implant for 24 hours, showing no indication of significative
degradation of the active substance, so the reservoir does not
affect the stability of the to be released active substance.
[0047] This information allows to report that the active
substance is properly released with a release kinetic appro-
priate for the release of active substances or pharmaceuticals
in the craniofacial implant zone, where an initial fast release
to achieve a therapeutic effect is observed, then a decrease
and then a steady release are observed for at least 43-48
hours. Furthermore, storage of the active substance or a
solution of it within the reservoir does not affect its stability.
[0048] The implant described on this invention refers to a
craniofacial implant manufactured by 3D printing with
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customized PEEK material. Said implant comprises two
openings or orifices, one at the top and the other at the
bottom, that allow for the fill and exit of the substances to
be released, respectively, as it has been described for the
present invention.

[0049] In the implementations of the invention, the con-
tainers or deposits or chambers or reservoirs described in the
implant, can incorporate substances or medicines or active
substances in liquid format or form, which can be released
in the site where the bone replacement procedure was
performed.

[0050] In the implementations of the invention, the
implants with deposits or chambers or reservoirs particularly
include medicines or actives substances like antibiotics
and/or anti-inflammatories and/or analgesics in order to
achieve success on the incorporation of said implant. It also
falls within the scope of this invention for the drug or active
substance to correspond to a chemotherapeutic agent or any
other substance that may be dissolved and obtained as a
liquid solution. It is also important to point out that because
the implant may have more than one reservoir, it also falls
within the scope of the invention

[0051] The release of substances through the reservoir,
chamber or deposit of the customized implant made from
PEEK, described on the present invention is a result of using
the action of gravity, that allows for a gradual release of said
compounds. The release depends on the diameter of the exit
opening and size of the other structures of the implant.
[0052] Among the implementations of the invention, the
development of the customized implant includes inner
chambers or reservoirs and an interconnected tube system,
where said reservoirs can store liquid substances that can be
released due to gravity force. Particularly, an implant with
upper chambers or reservoirs that allows for the substance to
flow using gravity is presented, where said substances can be
antibiotics and/or anti-inflammatories and/or analgesics.
[0053] Inimplementations of the invention, it is described
that the liquid substances can be incorporated into the inner
reservoirs of the implant via the use of a surgical needle.

Definitions

[0054] The present document describes a craniofacial
implant, wherein said implant refers to any implant that may
be placed in cranial and/or face area in a patient.

[0055] The craniofacial implant described on the present
invention allows for the prolonged and sustained release of
active substances or ingredients, particularly those on liquid
form, to allow for a specific therapeutic effect on the implant
site. Several types of substances or active ingredients are
included in pursuit of analgesic, anti-inflammatory or anti-
biotic effects, chemotherapeutic agents or any active sub-
stance that is able to be included in a solution. One of the
forms of the invention allows to avoid post-implant infec-
tions, particularly, bacterial infections. This effect is mea-
sured by a decrease of the bacterial count. In that sense,
when a reference is made to the decrease of the bacterial
count, a reference is being made to the decrease on the UFC
or UFC/mL bacterial count.

[0056] When a customized PEEK is being referenced in
this document, it is stated that the implant described on the
invention is being manufactured from PEEK and is person-
alized according to the characteristics of the implant that the
patient is going to receive.



US 2024/0000942 A1

[0057] When the “receptacle”, “chamber”, “deposit”,
“reservoir” and/or “internal chamber” and/or “capsule” term
is being referenced in this document it is stating a cavity that
contains or could contain a substance on its interior.
[0058] The “postoperative” term refers to the period that
follows after a surgical procedure and that finishes with the
rehabilitation of the patient. The “perioperative” term cor-
responds to the surgical procedure time period, which ranges
from the preparation of the patient until their recovery.
[0059] When in the document “active liquid”, “active
substance” or “active ingredient” is being indicated, it is
making reference to every substance or mixture of sub-
stances that have a function and/or particular activity in the
composition of a medicinal product.

[0060] In the document the term “iterations” is indicated,
this term makes reference to a repetition of steps for a
particular purpose. On this invention particular case, the
iterations make reference to the repetition of the implant
manufacturing and performance of tests on it to obtain an
implant with the required functionality.

FIGURE DESCRIPTION

[0061] FIG. 1.—Image of the iteration 1 prototype for
implant development. The prototype 1 composed of mul-
tiple-deposit reservoirs is presented. Drip failure and liquid
leak from the reservoir. A) shows the structure of the implant
prototype; B) describes the prototype parts, where (1) refer
to reservoirs containing liquid or active ingredients with a
total capacity of 3 mL, (3) liquid or active ingredient input
via a 1.25 and 1.5 mm wide syringe; and (4) 0.5, 0.7 and 1
mm wide exit openings for the liquid or active substance.

[0062] FIG. 2.—Image of the iteration 2 prototype for
implant development. In A) the single-chamber or reservoir
Prototype 2 implant is presented (1). B) describes the entry
of the liquid or active ingredient through a 26 mm long tube
(2) and the 4.7 mm thick prototype is shown with a thick
black arrow. Prototype 2 failed because the implant loses
mechanical capabilities, because of the weakening of the
internal implant structure.

[0063] FIG. 3.—Image of the iteration 3 prototype for
implant development. Prototype 3 implant with 2 indepen-
dent reservoirs for active liquid or ingredient deposit. The
prototype failed because it showed issues with the exit tube
diameter in one of the reservoirs. In (1) the liquid or active
substance reservoirs are shown; (3) liquid or active sub-
stance entry openings via a syringe; (4) liquid or active
substance exit openings.

[0064] FIG. 4—Image of the iteration 4 prototype for
implant development. Material is added to the inner part to
achieve at least a 2.5 mm thickness on each side of the
chamber or reservoir (1). In (2) 1.4 mm diameter tubing, (3)
the entry opening for a 1.5 mm diameter syringe, (4) 0.75
mm or 0.5 mm diameter exit opening.

[0065] FIG. 5.—Image of the iteration 5 prototype for
implant development. An implant with 2-inner chambers or
reservoirs with 3.5 thick separation pairs and with defined
liquid entry and exit openings is provided. A) digital dia-
gram of the implant, b) implant mold.

[0066] FIG. 6.—Image of the iteration 6 prototype for
implant improvement: plug on the tube of the liquid entry
opening to the implant and funnel-like system. In A) an
image of the upper part of the implant is presented, where
the entry tube and the entry opening can be appreciated,
where there a a PEEK scrap or piece is in place to work as
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a plug that prevents the escape or reverse flow of the liquid
contained within the implant to the entry opening. In B) an
implant that incorporates improvements such as a funnel-
like system for the liquid entry is shown, this system may
take a variety of diameters for each tube according to those
shown in the image with a 1.5 mm wide opening for the
syringe needle that provides the liquid for the implant that
widens to a 3.0 mm diameter tube towards the chamber or
reservoir. In said implant, the entry opening exhibits a 2.0
mm diameter exit opening tube with a funnel-like system
that then narrows its diameter to 1.3 mm ate the exit
opening. The implant shown in the image has a single 5 mL
reservoir with 2.5 mm wide wall thickness. In 6C) presents
the plug or sealing system for the implant in the exit opening
to prevent the liquid from escaping when not in use (see 6C
figure).

[0067] FIG. 7.—Image of the iteration 6 prototype for
implant improvement: plug on the tube of the liquid entry
opening to the implant and exit funnel-like system. In A) the
implant prototype with 52.2 mm wide and 52.86 mm tall
dimensions for the reservoir is presented. B) presents an
implant prototype with two reservoirs or chambers that
comprises a 24.43 mm wide and 46.7 mm tall left reservoir
and a 24.47 wide and 46.84 mm tall right reservoir.

[0068] FIG. 8.—Photograph of the fluid release test from
an implant of the present invention (application example 2).
Different shades of blue are observed consistent with the
release of water-diluted methylene blue when the implant is
laid out in a container. Release timing was valued from left
to right at 1, 2, 3, 4 and 6 hours.

[0069] FIG. 9.—Photograph of the emptying time verifi-
cation of an implant reservoir (application example 3). In A)
a photograph of the obtained results in the observation of the
samples obtained from the 24, 72, 96, 120 and 144 hour time
frames is presented. From left to right, at 24 hours little
coloration of the environment or liquid release from the
implant is observed. At the intermediate timeframes, that is,
72, 96 and 120 hours, an increase release of the liquid is
observed, showing a light blue shade coloration of the
environment (container) and then at 144 hours the shade
changes to a strong light blue shade. At the 168 hour
evaluation a greater release of the contents inside the res-
ervoir or capsule of the implant into the environment (con-
tainer). In B) a photograph of the exit or outlet opening for
the liquid contained within the implant is exhibited, in this
case the liquid being water-diluted methylene blue. The
release of the liquid is shown from the exit opening with a
stronger shade of blue.

[0070] FIG. 10.—Image of the implant with reservoirs and
tubes for the gradual release of an liquid or active substance
to the brain. In A and B the image of the implant integrated
into the skull bone of the patient is presented. In A, the
detailed inner part of the implant is observed. In B, the
implant is seen from the inner part of the skull, where the
exit openings of the reservoirs release the liquid towards its
inner part and the brain.

[0071] FIG. 11.—Graph for released vancomycin from the
implant (ug) at the evaluated time periods. A representative
graph for this release kinetic is shown, considering released
ng for the 0, 2, 4, 8 and 12-hour sampling periods.

[0072] FIG. 12.—Vancomycin release rate from the
implant per sampling period. A graph for the release rate in
pug/min in accordance with the evaluated 0, 2, 4, 8 and
12-hour sampling periods.
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APPLICATION EXAMPLES

Example 1: Development of Prototypes for
Implants with Reservoirs and Tubes for the
Controlled Release of Liquids or Active Substances

[0073] The development of the implant prototype is part of
the present application example, considering the iterations
and corresponding experimental analyses to obtain an
implant that consists on inner chambers or reservoirs inter-
connected with tubes in such a way that a liquid or active
substance can be stored in it, but that also allow for its
prolonged release during the first 24-48 hours after the
incorporation of the implant to the patient.
[0074] A previously designed 3D implant was used for
testing, where one or more inner storing chambers or res-
ervoirs were added to it.

[0075] First test iteration: Implant with more than one

chamber or reservoir system

[0076] The first implant prototype that was developed had
several inner chambers or reservoirs and an interconnected
tube system, so each reservoir could store liquid within (the
test was made with antibiotics) and that liquid could move
due to gravity from the chambers that had more liquid to
those that had less.
[0077] This prototype has three liquid inlets through a 0.8
mm; 1.25 mm and 1.5 mm wide straight tube. In that sense,
the inventors observed that the diameter of the entry opening
is crucial because it must be big enough to allow for the
proper loading of the liquid with a syringe to the inside of
the implant, but at the same time it must not be too big to
allow for the liquid to overflow and release during the
loading process. According to the tests that were done on
this prototype, the best diameter was 1.5 mm.
[0078] This first prototype worked in regard of the liquid
exit or release because several liquid drip exits were
observed, but because the tube system was so extensive and
with small diameters some of these exits did not work. The
tested diameters for the exits were 0.5 mm, 0.7 mm and 1
mm. In this case, when the implant did not completely
appropriately work, it was observed that the 0.7 mm exit
opening allows for a controlled dripping liquid release. The
0.5 mm exit was blocked and the 1 mm exist exhibit a very
high output flow (FIGS. 1A and 1B) In table 1, the results for
the liquid entry and exit openings diameter definitions to be
included in the implant so it can be released on the implant
insertion site are defined.

TABLE 1

Results for the implant entry and exit openings determination.

Implant entry opening Implant exit opening

Tested Tested
diameter diameter
(mm) Result (mm) Result
0.8 Does not fit 0.5 Opening is clogged
and liquid or active
substance is not released
1.25 Does not fit 0.7 Controlled sustained
dripping realease of
the liquid
1.5 Correct liquid 1 High exit flow rate with
entry quick release of the

liquid or active substance
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[0079] Second Test Iteration: Implant with One Chamber
or Reservoir
[0080] A previously designed 3D implant was used for

testing, where one or more inner liquid storing chambers or
reservoirs were added to it.

[0081] In first place, the tube system and the connection or
interaction type with the chamber or reservoir was designed.
Aliquid inlet that moves towards the reservoir was provided,
as well as an outlet that it above it, this outlet has a
pyramidal shape so the speed and amount of deposited liquid
can be controlled.

[0082] Then, another design challenge was to define the
total inner capacity of the chamber or reservoir.

[0083] The first test was performed with an implant pro-
totype that included a reservoir with an inner capacity of 2
mL. An 85.62 mmx99.7 mm, 4.7 mm thick implant was
provided, comprised of a sole chamber or reservoir with a 26
mm long tube connected to it (see FIGS. 2A and 2B)
[0084] To assess the implant performance, in particular the
release of a liquid or active substance, a test was performed
by adding liquid water to the implant using a syringe. It was
observed that the single 2 mL capacity chamber is too big
because the implant loses mechanical capacities due to the
weakening of the inner structure of the implant.

[0085] To solve this problem and to allow for the implant
to show proper mechanical properties, it was stated that the
walls of each chamber should be at least 2.5 mm thick. When
implants that incorporated these considerations were tested,
theses implants kept their mechanical properties.

[0086] Third Test Iteration: Improvement of the Implant
with More than One Chamber or Reservoir System

[0087] A second implant prototype or improvement was
performed with two independent chambers or reservoirs,
each one of them with a liquid inlet and exit. Each chamber
has a total capacity of at least 2 mL, so the total amount of
liquid capacity considering both chambers may reach up to
5 mlL.

[0088] The tested implant is approximately 20% bigger
that the previous one, so a bigger area is needed to allow for
bigger storing liquid capacity without decreasing the
mechanical properties of the implant. The implant comprises
a tube that is connected to each reservoir, where said tube
has a syringe-like 1.2 mm diameter inlet opening. The
implant also has a 0.5 mm diameter exit tube for one
reservoir and a 0.35 mm diameter exit tube for the other
reservoir (FIG. 3).

[0089] In this case the test proved partially successful
because only one of the chambers meets the objective of
letting the liquid flow in a dripping manner, the other inlet
is completely blocked due to its small diameter because of
the manufacturing process.

[0090] Fourth Test Iteration

[0091] The third iteration is based on the same prototype
than the last one, but with a big difference, material is added
to the inner part so the walls on each side of the chamber or
deposit is at least 2.5 mm thick. This, in accordance with
what was observed on the second iteration test improves the
mechanical conditions and properties of the implant.
[0092] As part of this prototype, the liquid exit tube
diameter was increased, but to meet the requirements for
controlled liquid release, a funnel system was included on its
upper part (FIG. 4).

[0093] This implant has two different exit diameters, 0.75
mm and 0.5 mm. It was observed that the best exit diameter
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was 0.75 mm. In the case of the 0.5 mm diameter exit the
liquid does not flow in a simple manner, so it proves difficult
to control liquid release.

[0094] When material was added to the reservoir area, the
intended effect of the implant keeping its mechanical capa-
bilities, while showing excellent storing capacity in both
chambers without affecting its quality and integrity was met.
[0095] Fifth Test Iteration

[0096] Afterwards, in a subsequent iteration for the pre-
vious prototype, storing chambers were arranged on the
inner part of the implant while keeping a thickness at least
3.5 mm between the reservoir and the outer part of the
implant. To obtain the same thickness on the inner part of the
implant a chamber thickening process was carried out to
obtain a thickness of at least 3.5 mm, this test proved to be
a great success (FIG. 5).

[0097] Therefore, the implant can be comprised of one
storing reservoir gives its wall thickness is 2.5-4 mm.
preferably 3.5 mm.

[0098] Sixth Test Iteration: Final Definitions for the Lig-
uid Input and Exit Systems

[0099] Considering each of the problems that were
observed on previous iterations respecting the control for
liquid input and implant site release, several improvements
were performed on the prototype implant.

[0100] Plug in the Input Opening for the Liquid to be
Stored in the Implant

[0101] A piece or scrap made with the same material that
the implant is constructed of (PEEK) was added at the
staring section of the tube, where the liquid enters the
implant, so it can work as a plug that prevents liquid stored
within the implant from escaping and overflowing from the
inlet orifice. The filament that was used has a 1.75 mm
diameter, but thermoplastics can dilate, so the starting sec-
tion of the filament is 0.25 mm thicker than the filament
itself. Therefore, the adequate diameter to block the exit with
this filament is 2.0 mm (see FIG. 6A).

[0102] When the implant is installed, this scrap or filament
can be easily disposed of (removed, taken of, pushed out)
and once the implant has taken place on its proper site, this
opening is covered by the bone on the implant site.

[0103] In this case it is also technically possible to include
an 1.5 mm titanium screw that is placed in at the exit to work
as a plug or seal.

[0104] Funnel System in the Tube at the Liquid Inlet
Opening
[0105] A funnel-like system was incorporated at the liquid

inlet opening, this system varies the diameter of each tube,
and is designed to achieve that the liquid at the interior of the
implant does not overflow to the opening. It is a second
method to prevent liquid from escaping the tube system
through the inlet opening. The funnel system implies that the
inlet tube must have a 1.5 mm diameter for the input of a
syringe that loads the liquid to the inside of the implant and
then widens to a 3.0 mm tube. In other words, a funnel point
or transition exists to avoid the liquid of leaking back to the
opening (see FIG. 6B).

[0106] Output System in the Exit Tube for the Liquid
Release to the Implant Site

[0107] The output system was improved by defining the
liquid exit opening diameter to be from 0.7 mm to 1.5 mm
depending on the geometry of the implant. In this new
prototype, the final tube for liquid release incorporates a
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funnel system whose objective is to facilitate the emptying
of the chamber to be more controlled and prolonged (see
FIG. 6B).

[0108] Furthermore, in this test plug or seal system was
added to the implant to prevent liquid from escaping (see
FIG. 6C), once the implant in on the operating room, the
surgical staff must cut a part of the cylinder where the exit
orifice will be exposed so the liquid may be released onto the

body.
[0109] General Measurements of Implants and Reservoirs
[0110] Regarding to overall dimensions, the implant on its

full extension will depend on the implant site and each
patient. For the chamber or reservoir sizes some general
dimensions and sizes were defined.

[0111] In the prototype implant with one chamber or
reservoir (to be used as application example 3) dimensions
were 52.2 mm wide and 52.86 mm long for the reservoir
(FIG. 7A).

[0112] The assessed implant prototype with two reservoirs
or chambers comprised a 24.43 mm wide and 46.7 mm tall
left reservoir and a 24.47 wide and 46.84 mm tall right (7B)
reservoir.

[0113] The tubes for all the systems, both the entry and the
exit systems, must be at least 10 mm long and no more than
15 mm long, this minimum length is due the tests that were
developed for the liquid to enter in an appropriate way to the
chamber or deposit.

Example 2: Photograph of the Fluid Release Test
from an Implant of the Present Invention

[0114] With the objective of estimating the emptying time
of'the chamber or reservoir an implant was produced via 3D
printing, that is composed of an inlet 2.0 mm filament seal
to block the leaking of liquid, an entry tube with a funnel
system with an 1.5 mm diameter syringe input and a
subsequent exit diameter of 3.0 mm. The tested implant has
a 5 mL capacity chamber or reservoir with 2.5 mm thick
walls. The outlet tube has an exit orifice with a funnel or
controlled release system with a 2.0 mm diameter tube that
transitions to a 1.3 mm outlet (FIG. 6 5).

[0115] In this experience, the implant was filled with 5.1
ml of liquid on its interior, where said test liquid was a
solution 4 parts water and one part methylene blue.

[0116] The protocol consisted on injecting the 5.1 mL of
solution on the already defined implant inlet and then
submerge the implant on a container with water, preserving
the geometrical disposition as it would be installed as a
prostheses. Then the implant was left in that container for an
undetermined time period, corroborating at every hour if the
water had changed with the colorant. For testing conditions,
the test was performed on static conditions, that is to say,
without implant movement, or, or on dynamic conditions
simulating the head movement of the patient. This last test
allows to check if this condition affects the liquid release rate
from the interior of the implant.

[0117] It was observed that during the first hour the liquid
that was collected from the container was almost transparent
with a very light blue hue or coloration. Increase in the blue
shade is observed at 2 and 3 hours as a light blue shade. After
4 hours a strong blue shade is observed, indicating the
release of the liquid that was stored within the implant. At
last, with the tests that were performed up until this moment
the static emptying time was approximately 6 hours (see
FIG. 8 and table 2).



US 2024/0000942 A1

[0118] It is worth noting that after this time period had
elapsed, even after a 1-week limit, if the system is moved the
implant is still able to release solution.

TABLE 2

Observed results for the prolonged fluid
release test from the implant.

Observed color or shade
description

Time elapsed since immersion
of the implant (hours)

1 Almost transparent liquid,
slight light blue coloration
Light blue shade

Light blue shade

Strong blue shade

Blue shade

W

Example 3: Testing of the Emptying Time
Verification of the Implant with One Reservoir

[0119] Multiple tests were carried out to verify the emp-
tying time of the 5 ml capsule that is stored within the
one-reservoir prototype implant. Furthermore, static and
in-movement tests were performed.

[0120] For the analyses, an implant was standardized and
produced with the following technical characteristics:

[0121] 2.2 mm diameter plug

[0122] 1 mm insert diameter (syringe insertion diam-
eter)

[0123] Funnel system to reduce liquid overflow at the

implant inlet.
[0124] 5 mL capsule
[0125] Walls of a thickness of 2.5 mm at least in every
capsule or deposit area
[0126] 1.4 mm exit
[0127] Funnel shaped exit to increase emptying time of
the capsule or deposit
[0128] Static Assay
[0129] On its first stage, the experiment consisted on
filling the capsule or reservoir with a solution of water-
diluted methylene blue in a 5:1 ratio, this liquid being
inserted into the implant and verifying that the total capacity
of the chamber or reservoir is properly filled to its total
extent.
[0130] Then, a plastic container is filled with water, the
implant with liquid inside is put on its interior and is
anchored with metallic hooks that were set in the plastic
container so it can keep a vertical position, mimicking how
this implant would be positioned in reality.
[0131] The following time periods were assessed: 24H
after the start of the experiment (first sample), 72/ after the
start of the experiment (second sample), 96/ after the start
of the experiment (third sample), 120/ after the start of the
experiment (fourth sample), 144/ after the start of the
experiment (fifth sample), 168/ after the start of the experi-
ment (sixth sample).
[0132] Results for the observation of the retrieved samples
for each timepoint allow to indicate at a glance an evident
increase in the concentration of the liquid that was released
in a prolonged manner to the environment, in this case the
container (FIGS. 9A and 9B).
[0133] Results for the observation of the samples obtained
at each timepoint are described in table 3. At 24 hours little
coloration of the environment or liquid release from the
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implant is observed. At the intermediate timeframes, that is,
72, 96 and 120 hours, an increase release of the liquid is
observed, showing a light blue shade coloration of the
environment (container) and then at 144 hours the shade
changes to a strong light blue shade. At the 168 hour
evaluation a greater release of the contents inside the res-
ervoir or capsule of the implant into the environment (con-
tainer). It should be noted that at day 11 there is still a weak
dripping from the implant exit, that still changes the meth-
ylene blue concentration in the water of the plastic container.

TABLE 3

Results for the testing of the emptying
time of the implant with one reservoir.

Time elapsed since
immersion of the

implant (hours) Observed color or shade description

24 Almost transparent liquid, slight light
blue coloration
72 Light blue shade
96 Light blue shade
120 Light blue shade
144 Strong blue shade
168 Very noticeable strong blue shade

[0134]

[0135] After the tests were performed on static conditions,
a new test was performed whose objective is to recreate on
a more precise manner how is that this implant-like medical
device will behave when it is used by a patient. In that sense,
movements that are of typical occurrence on a person (head
turning, getting up, walking) were recreated. For this, a 3D
machine that has the capacity to horizontally move its
platform was used. The water-filled container with the
previously described methylene blue solution-filled implant
(example 2) inside was placed on top of this machine. The
implant type that was used at the testing also corresponds
with an implant whose characteristics were described in the
application example 2.

Dynamic Testing (Moving Implant)

[0136] Characteristics of the Experiment:
[0137] Movement distance: 23 centimeters
[0138] Movement speed: 3.3 (cm/s) or 0.1188 (km/h)
[0139] A cycle corresponds to the movement from the

starting position to the final position (23 centimeters)
and going back to the starting position, 46 cm of
distance travelled.

[0140] Cycles per minute: 3.
[0141] Functioning period: 48 h.
[0142] After 48 h had elapsed the test was stopped. After

this time period had elapsed, methylene blue concentration
was observed to be higher at 48 hours in comparison with
what was observed in the environment for 72 hour timepoint
on the static test (example 2).

Example 4: Craniofacial Implant to Avoid
Post-Implant Infections

[0143] After the proposed iterations in application
example 1, better implant conditions, sizes and dimensions
were determined to allow for a proper and gradual release of
a liquid of interest (antibiotic and/or analgesic).
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[0144] A craniofacial implant produced from polyether
ether ketone (PEEK) material is provided to avoid and
reduce postoperative infections at the implant site, because
said implant comprises:

[0145] One or more internal ovoid chambers or reservoirs
(1) with walls 2.5 to 4 mm thick, that store a liquid or active
ingredients in liquid form to be released in a gradual and
prolonged manner into the implant site,

[0146] tubes (2) that interconnect the internal chambers
or reservoirs with the entry and exit openings, defined
as:

[0147] a) an entry tube that connects the entry open-
ing (3) with the reservoir (1) in such a way that it
includes a funnel system that includes an 1.5-2.0 mm
diameter liquid entry or input that widens to a2 2.0-3.0
mm wide tube that then continues to the reservoir.

[0148] b) an exit tube that connects the chamber or
reservoir (1) with the exit opening (4) that includes
a transition funnel system that is 0.7 to 2 mm wide
on its upper part and 0.7 to 1.5 mm wide on its lower
part, depending on the diameter of the exit opening
€

[0149] One or more entry openings (3) on the upper part
of the implant depending on the number of reservoirs, where
said opening is the entry or input for the liquid to reach the
reservoir or reservoirs (1), where the opening is 1.5-2.0 mm
wide and is blocked by a PEEK filament plug or a titanium
screw,

[0150] One or more exit openings (4) on the lower part of
the implant depending on the number of reservoirs as
gradual and prolonged release of the liquid or active ingre-
dient to the implant site, where the exit opening is 0.7-1.5
mm wide and has a plug or system to seal the implant to
prevent the escape of the liquid when the implant has not
been properly set yet.

[0151] The implant integrated into the skull of the patient
then couples and releases the liquid contained within the
chambers or reservoirs in a sustained manner thanks to the
effect of gravity and the design of the implant. The exit
openings release the liquid from the reservoirs to the brain
(FIG. 10A ans 10B).

Example 5: Analytical Study of Vancomycin
Release from the Craniofacial Implant

[0152] In this study, the release of vancomycin solution
from the reservoir of a craniofacial implant part of this
invention was reviewed and evaluated. This assay was
performed on an incubator set to 37° C. and that was able to
perform 20 rpm shaking motion, this was with the intention
of mimicking the movement that patients exhibit after this
kind of surgery.

[0153] To detect the release rate and concentration of the
vancomycin released from the implant, a High-Performance
Liquid Chromatography (HPLC) coupled to a PDA detector
was used. As a standard, vancomycin hydrochloride with a
nominal concentration of 0.01 mg/ml. in physiological
saline solution was used. A calibration curve was generated
along with the retention times and area values for each peak
present in the chromatogram to determine the vancomycin
concentration v/s the standard. For the sampling for released
solution from the implant as such, a sample of 0.5 mL was
collected and then diluted in mL physiological saline solu-
tion to then transfer to a 100 mL flask with 0.2 M potassium
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dibasic phosphate buffer adjusted to a pH of 7.4. This was
then injected in the instrument for analysis.

[0154] Vancomycin concentration on the analysis aliquot
was determined using the retention times and area values,
and then total accumulated vancomycin amount in the vessel
was calculated (ug in vessel). Measurements were per-
formed at 1, 2, 4 and 8 hours, the results are presented in
table 4.

TABLE 4

Detected area and vancomycin amount
according to sampling times.

Time (hours) Area Sampling volume ug in vessel
1 263472 20 13,087.5
2 263981 20 13,636.3
4 278229 40 14,868.6
8 326541 80 18,374.1
12 361050 80 22,683.5

[0155] With this sampling and initial calibration an analy-
sis of the amount of released vancomycin per time frame
was performed. In table 5 the amount of released vancomy-
cin from the implant (ug) at the evaluated time periods is
presented. In FIG. 11, a representative graph for this kinetic
release is presented. In accordance with the results, higher
vancomycin release from the implant is observed within the
first hour frame. From hour 2 and forward, a steady and
sustained release is observed in time. This release kinetic
allows for an initial exposure of higher active substance
amounts in the zone in order to rapidly reach therapeutic
concentrations and then a regulated gradual active substance
release in time.

[0156] Regarding the release rate at the first hour a high
vancomycin release rate was observed with a mean value of
218 pug/ml, that then decreased in the time elapsed from the
first to the second hour, to then increase and maintain the
prolonged release. In FIG. 12 a representative graph is
shown for the vancomycin release rate from the implant at
the sampling periods mentioned in table 5.

TABLE 5

Released vancomycin amount and release rate.

ng released per Release rate

Hour time frame (ng/min)
1 13,087.5 218.1
2 548.5 9.1
4 1,232.5 10.3
8 3,505.5 14.6
12 4,309.4 18.0

[0157] The linear equation or function that allows to
determine how long the implant will be releasing active
substance was determined from samplings of the 2, 4, 8 and
12 hour periods: f(x)=911.6x+11.465.1. With this informa-
tion the amount of released vancomycin at later time periods
was extrapolated and theoretically determined. In table 6
accumulated released vancomycin amounts defined for the
24, 36 and 43 hour time frames are presented. This simu-
lation does not consider that after the 12-hour timepoint, the
rate could decrease, and thus increase delivery times.
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TABLE 6 TABLE 7
Accumulated released vancomycin amounts Results for the vancomycin contained in the implant
determined up to 43 hours. of the present invention stability assays.
Hour (hr) Released pg in vessel ) ) % degradation
Time 0 24 hour period at 24 hours
; g,gg;; Sample 1 948050 94679 99.8
4 14,868.6 Sample 2 948671 94744 99.9
e Mean 948360.5 94711.5 99.85
8 18,374.1
12 22,683.5
24 33,343.9
> 42833 BIBLIOGRAPHY
43 50,664.6
[0164] (Kwarcinski, Jeremy & Boughton, Philip & Ruys,

Example 7: Stability of the Active Substance
Solution within the Implant

[0158] For this analysis vancomycin was again considered
as the active substance to work with, not limiting said
analysis to other active substances.

[0159] This assay intends to show that vancomycin is set
within the implant and does not degrade while it is contained
within, therefore allowing for a functional release. For this,
a time zero (To) sample corresponding to a sample that was
immediately analyzed after its reconstitution was analyzed,
along with a sample that was left to rest for 24 hours within
the implant. In this way, results from the 24 hour time frame
were compared with those of time zero as sample areas and
degradation percentage at 24 hours.

[0160] Preparation of the sample solution at time zero (To)
consisted on taking an ampule of 500 mg vancomycin and
adding 5 mL of physiological saline solution. Shaking up to
the complete solution of the lyophilized powder, taking 0.5
ml of said ampule, and diluted with physiological saline
solution up to 5 mL of final volume. This 5 mL of solution
is injected in the reservoir of the implant. In the case of the
sample at 24 hours, 0.5 mL of a solution from a 500 mg
vancomycin ampule reconstituted in 5 mL of physiological
saline solution were taken. Said 0.5 mL were diluted up to
5 mL of final volume using 0.2M potassium dibasic phos-
phate buffer adjusted to pH 7.4. Then, using a syringe, said
volume was loaded in the reservoir or capsule of the implant,
the implant was then sealed and incorporated in an empty
beaker. Nominal concentration of the solution within the
reservoir is mg/mL.

[0161] After 24 hours, the chamber or reservoir was
opened to extract the 0.5 ml of the solution contained
within. Of said 0.5 mL extracted from the reservoir, a 0.1 mL
aliquot is taken that then is transferred to a 100 mL flask for
its analysis using HPLC, considering the same calibration
and standard curves that were described for the previous
example.

[0162] In table 7 the results for this assay are presented. It
is observed that at the 24 hours degradation of vancomycin
is not significant.

[0163] This results show that the active substance con-
tained within the reservoir or reservoirs of the implant
presented in this invention is kept stable for its release.
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1. A craniofacial implant composed of PEEK material for
the release of substances or active ingredients CHARAC-
TERIZED because it comprises:

One or more internal ovoid chambers or reservoirs (1)
with walls 2.5 to 4 mm thick, that store a liquid or
active ingredients in liquid form to be released in a
gradual and prolonged manner into the implant site,

tubes (2) that interconnect the internal chambers or res-
ervoirs with the entry and exit openings, defined as:

a) an entry tube that connects the entry opening (3) with
the reservoir (1) in such a way that it includes a
funnel system that includes an 1.5-2.0 mm diameter
liquid entry or input that widens to a 2.0-3.0 mm
wide tube that then continues to the reservoir.

b) an exit tube that connects the chamber or reservoir
(1) with the exit opening (4) that includes a transition
funnel system that is 0.7 to 2.0 mm wide on its upper
part and 0.7 to 1.5 mm wide on its lower part,
depending on the diameter of the exit opening (4),

One or more entry openings (3) on the upper part of the
implant depending on the number of reservoirs, where
said opening is the entry or input for the liquid to reach
the reservoir or reservoirs (1), where the opening is
1.5-2.0 mm wide and is blocked by a PEEK filament
plug or a titanium screw,

One or more exit openings (4) on the lower part of the
implant depending on the number of reservoirs as
gradual and prolonged release of the liquid or active
ingredient to the implant site, where the exit opening is
0.7-1.5 mm wide and has a plug or system to seal the
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implant to prevent the escape of the liquid when the
implant has not been properly set yet.

2. A craniofacial implant composed of PEEK material for
the release of substances or active ingredients as in claim 1
CHARACTERIZED because the entry opening has a 1.5
mm diameter.

3. A craniofacial implant composed of PEEK material for
the release of substances or active ingredients as in claim 1
CHARACTERIZED because the exit opening for the liquid
or active ingredient has a mm diameter.

4. A craniofacial implant composed of PEEK material for
the release of substances or active ingredients as in claim 1
CHARACTERIZED because the thickness of the chambers
or reservoirs is 3.5 mm.

5. A craniofacial implant composed of PEEK material for
the release of substances or active ingredients as in claim 1
CHARACTERIZED because the tubings of the whole sys-
tem, both entry and exit systems, must be at least 10 mm and
up to of 15 mm long.

6. A craniofacial implant composed of PEEK material for
the release of substances or active ingredients as in claims 1
to 5 CHARACTERIZED because it allows for the prolonged
and sustained release of substances or active ingredients in
liquid form.

7. Use of the craniofacial implant composed of PEEK
material for the release of substances or active ingredients as
in accordance with claim 6 CHARACTERIZED because it
allows for the prolonged and sustained release of at least one
active ingredient soluble in a pharmaceutically accepted
vehicle.

8. Use of the craniofacial implant composed of PEEK
material for the release of substances or active ingredients in
accordance with claim 7 CHARACTERIZED because it
allows for the prolonged and sustained release of analgesic,
antibiotic, antiviral, chemotherapeutic, anti-inflammatory or
any substance or active ingredient soluble in a pharmaceu-
tically acceptable vehicle.
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