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CUSTOMIZED DENTAL PROSTHESIS FOR 
PERIODONTAL OR OSSEOINTEGRATION, 

AND RELATED SYSTEMS 

1. RELATED APPLICATIONS 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 12/763,001, titled “Customized 
Dental Prosthesis for Periodontal or Osseointegration, and 
Related Systems and Methods.” filed on Apr. 19, 2010, which 
is a continuation-in-part of and claims priority to and the 
benefit of U.S. patent application Ser. No. 1 1/724.261, now 
U.S. Pat. No. 7,708,557, titled “Customized Dental Prosthe 
sis for Periodontal- or Osseointegration and Related Systems 
and Methods, filed on Mar. 15, 2007, which is a continua 
tion-in-part of and claims priority to and the benefit of U.S. 
patent application Ser. No. 1 1/549,782, filedon Oct. 16, 2006, 
titled “Customized Dental Prosthesis for Periodontal- or 
Osseointegration and Related Systems and Methods.” each 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to the field of 
dentistry, and more particularly to the field of dental restora 
tions, implants and prostheses. The present invention further 
relates to computer assisted and conventional systems and 
methods for designing and manufacturing Such custom dental 
prosthesis. 
0004 2. Description of Related Art 
0005 Human teeth serve a variety of functions. Not only 
are they important for chewing food, but they also necessary 
to properly pronounce certain consonants, especially fizzle 
and S-sounds. Furthermore, teeth play a major role in our 
personal appearance. White, healthy and well aligned teeth 
are an ideal of beauty and appear as a cosmetic sign of youth 
and Success. Although various preventive measures, like fre 
quent toothbrushing and flossing, and drinking fluoridized or 
iodized water are widely accepted and used, the great major 
ity of people are sooner or later challenged with dental fill 
ings, restorations implants, and/or prostheses. As such, a 
major goal in dentistry is to postpone loss of teeth as long as 
possible. Another goal is certainly to provide comfortable 
prostheses with a broad scope/indication and a long lasting 
life-time. 
0006 Generally, the number of available restorative and 
prosthetic options is limited. Typically fillings, inlays, and 
crowns are used if the root and its embedding periodontal 
structure are healthy, and Sufficient as Support for Such restor 
ative partial prostheses. Traditionally, if the original tooth can 
no longer be used, the use of bridges or non-customized 
osseointegrated implants, is indicated. In this context, several 
negative aspects are to be endured. In order to provide the 
Support structure for a bridge, adjacent teeth are ground, and 
healthy enamel is partially destroyed. Osseointegrated 
implants are drastically invasive and the gingiva-implant 
interface is often the cause of chronic local infection. Addi 
tionally, all the aforementioned restorative and prosthetic 
options have a limited average lifetime. Removable dentures 
are certainly the final prosthetic option. 
0007 When a tooth is partially damaged, either by caries 
or mechanical impact, the missing portion should in most 
cases be replaced. As long as a tooth provides enough struc 
tural strength to Support a dental prosthesis, such as, for 
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example, in the form of an inlay or a crown, this will typically 
be the preferred solution. If the loss of tooth substance is 
severe, however, this may not be applicable. In these cases, a 
bridge can be applied, enduring the aforementioned negative 
consequences. Another option is to replace the tooth with an 
implant. 
0008. There are many methods or options for replacing 
missing teeth. Off-the-shelf or pre-shaped osseointegrated 
dental implants are one of the options. Osseointegration 
means the direct contact of the implant surface with the bone 
without a fibrous connective tissue interface (natural teeth are 
typically not in direct contact with the bone, but are connected 
to the bone by ligaments). The use of Such dental implants 
includes a wide variety of implant designs and materials, use 
of implants in different locations in the mouth and use of a 
variety of Surgical protocols. 
0009 Endosteal implants are placed into the bone, like 
natural tooth roots. They can provide an anchor for one or 
more artificial teeth, and are the most commonly used type of 
implants. There are various types of endosteal implants, for 
example, screws, cylinders, cones, plates and blades. The 
generic screw, cylinder and cone types of implants are some 
times called “root-form type. Such generic root-form 
implants that replace a single tooth generally consist of three 
major parts, the actual implant-root for osseointegration, an 
abutment, and the artificial crown. The interfaces between the 
three aforementioned parts are critical in respect to the seal 
ing quality between said three parts. Bacterial infections can 
becaused if the sealing is compromised in regards to its short, 
mid and long-term stability. 
0010 Sometimes, implant designs that actually consoli 
date two of said three parts, for example, the implant-root to 
be osseointegrated and the abutment, are referred to as one 
piece implants. Contrary hereto, the term “one-piece' 
implantas used hereinafter is meant to refer to the integration 
of all three parts: the implant root, the abutment, and the 
crown. The term “immediate placing of an implant is used if 
the integration of the implant into the bone occurs a short term 
after the extraction of a tooth. If such implants have a reason 
able initial contact stability with the bone directly after being 
inserted, the so called primary stability, then such implants 
are called “immediately loaded, which means that the 
osseointegrative stability, the so called secondary stability, 
does not need to be developed before performing the follow 
ing process steps: making an impression of the abutment part 
of the implant in conjunction with the gingiva and the adja 
cent teeth situation, then fabricating the crown, implementing 
the crown and actually allowing the patient to use the implant 
for mastication. 
0011 Subperiosteal implants are implants that are placed 
over the bone in cases where the bone has atrophied and jaw 
structure is limited. Subperiosteal implants are customized 
metal frameworks, providing the equivalent of multiple tooth 
roots. They can be applied in a limited area or in the entire 
mouth. After application, natural tissue membrane or bone 
will grow back around the implant, thus providing more sta 
bility. Posts protrude through the gum to hold the prosthesis. 
0012 Traditionally, osseointegrated dental implants are 
placed in bone and covered by mucosa during the immediate 
post-operative healing period. At four to eight months, a 
second Surgical procedure is performed to expose the implant 
so it may be loaded with various types of dental crowns. In 
recent years, immediate implant placement following tooth 
extraction and immediate crownloading after Surgical place 
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ment has become more common. The Success rate and the 
in-vivo lifetime of osseointegrated dental implants, however, 
are limited, and the Surgical procedure is considered heavily 
invasive because the bone needs to be drilled or ground in 
order to be adapted to the shape of the non-customized 
implants. Furthermore, osseointegrated implants are a limit 
ing factor in a later orthodontic treatment. Problems relating 
to nerve transposition, osseous grafting, ridge augmentation, 
and sinus augmentation of osseointegrated dental implants, 
and/or to tissue health adjacent to dental implants have also 
been reported. Patients often complain about chronically 
infected periodontal structure caused by osseointegrated 
implants. 
0013. In cases where a tooth is not severely damaged, and 
would be ready to receive a partial restoration, but an intra 
oral repair is impossible due to access problems, or a reverse 
root canal treatment is required, an alternative method is the 
intentional re-implantation. The tooth is extracted, repaired, 
and re-integrated into the existing periodontal structure of a 
dental patient. Nuzzolese et all write in the Journal of Con 
temporary Dental Practice, Volume 5, No. 3, Aug. 15, 2004: 
“It is well known dental reimplantation is indicated following 
traumatic avulsion by the preservation of cellular vitality in 
the periodontalligament and under conditions of asepsis. The 
rate of endodontic Success at five years reported in the litera 
ture ranges between 70% and 91%. As such, intentional den 
tal reimplantation may be an effective strategy for the treat 
ment ofteeth that would be difficult, if not impossible, to treat 
using traditional root canal therapy. Different prognoses exist 
for intentional dental reimplantation and trauma-related 
reimplantation. This is due to Such important variables Such 
as the level of cellular vitality in the periodontal ligament; the 
degree of trauma to Surrounding tissues, and the degree of 
asepsis when a tooth is removed. Surgical extraction is more 
favorable in this regard compared to a traumatic avulsion 
scenario. Although this method is not yet widely used, the 
reported Success rates are noteworthy. Reported are also 
autogenous and allogenic transplantation of a healthy natural 
tooth into the extraction socket for parodontal/periodontal 
integration. A disadvantage relating to all such techniques is 
certainly that the specific tooth to be reimplanted or trans 
planted still needs an overall reasonable condition and prog 
nosis to justify an intentional re-implantation and that only 
certain root and root canal deficiencies can be repaired this 
way. 

0014 Various publications report that the prognosis of 
intentional reimplanted or transplanted teeth is significantly 
better than the reimplantation after a traumatic extraction, 
since the extraction is Surgically controlled and relatively 
aseptic techniques are utilized. Spouge writes in his Oral 
Pathology, Mosby, Saint Louis 1973: “The majority of reim 
plantations however are clinically successful, and the teeth 
are retained firmly in the socket for the appropriate 5 year 
period. However, despite the apparent Success, most of them 
show localized ankylosis and gross resorption of the root at 
the end of this time. The fibrous attachment that develops in 
the new periodontal ligament area often involves the forma 
tion of an immature type of connective tissue whose fibers 
remain tangential to the root Surface rather than becoming 
physiologically oriented. There is experimental evidence to 
Suggest that formation of a physiologic periodontium is more 
easily achieved in condition where the viability of the original 
periodontal ligament is maintained. In keeping with this, the 
prognosis for clinical Success in a reimplanted tooth fall rap 
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idly if is have been completely dislocated from its socket for 
more than 24 hours. Wong Suggests in Quintessence Inter 
national, Vol. 33, No. 2, 2002, a surgical "exarticulation 
method where the removal of the tooth from its socket is 
achieved “(after the incision of the crestal periodontal liga 
ment fibers with micro-blades) with a combination of lux 
ation and gentle, rotary, reciprocating movements' in order to 
minimize physical trauma to the excising periodontium. 
Goerigetal recommends in Quintessence International, Vol. 
19, No. 8, 1988 a sectioning procedure where a molar tooth is 
cut in half dividing the roots in order to minimize the damage 
of the existing periodontal ligament. The Ogram System 
(www.ogramsystem.com) provides a tooth removal protocol 
promising no or very little trauma of the Surrounding tissue. 
(0015 EI-Bialy et al from the University of Alberta, 
Canada reports the stimulation of jaw growth and tissue heal 
ing by directly applying ultrasound vibes to the tooth of 
interest. In this context, is air lake muscle writes to their leg 
towels yet you do teeth are muscle or Powell's 2002 pool of 
and/or drink water or so to account ready anything heavy it is 
known to those skilled in the art that the alternating “load of 
dental structures in patients' day-to-day use of their dentition 
activates healing processes while a protection against or the 
avoidance of such alternating load causes resorption of roots, 
bone and soft tissue. 
(0016 U.S. Pat. No. 5,562,450 references as prior art the 
German application DE 27 29.969 A1, which is incorporated 
herein by reference in its entirety, describing the osseintegra 
tion of an implant that is substantially a copy of an extracted 
human tooth fabricated by a process involving copy milling. 
In order to be successfully osseointegrated, the connective 
tissue (e.g., ligament) remaining in the extraction Socket 
needs to be removed by being scraped out or curetted. The 
450 patent recognizes the need to create a compression pres 
sure between the bone and the implant in order to reach 
reasonable primary stability of the implant and teaches, there 
fore, to dimensionally enlarge the anatomical shape of the 
implant over the extracted tooth to fill the extraction socket. 
(0017 U.S. Pat. No. 6,099,313 discloses a dental implant 
for osseointegration having a bone-contact section which is 
root-shaped with an apical extension and an abutment 
described as a build-up section for fastening a crown. 
0018 All such restorative and prosthetic options and 
methodologies are deficient being heavily invasive and/or 
limited in their respective scope. There has not been recogni 
tion, until now by the inventor, of the need for a product, 
systems, and methods related to the integration of dental 
prosthesis such as artificial tooth, bridges, or segments of the 
dentition that includes (a) custom-shaped rootstructures to be 
osseointegrated as one piece, (b) custom-made positioning 
and fixation splint for achieving primary stability, and (c) 
even more beneficial, parts to be integrated into the existing 
periodontal structure of an individual patient, having the 
desirable broad scope and reduced invasive requirements. 
There is also no prior recognition of fabricating the root 
shaped custom portions of the prosthesis based on anatomical 
imaging data prior to the extraction of the tooth or of the teeth 
of interest or directly of the alveolar situation. 
0019. The product, and related systems and methods pro 
vided by the various embodiments of present invention com 
prise several independent inventive features providing Sub 
stantial improvements to prior art. The greatest benefit will be 
achieved for dental treatments especially for patients requir 
ing tooth replacement. 
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SUMMARY OF THE INVENTION 

0020. In view of the foregoing, various embodiments of 
the present invention beneficially provide a customized den 
tal prosthesis and implant in various embodiments based on a 
process that includes copying a significant portion of the 
original root geometry of a human tooth to be integrated after 
extraction of the original tooth either in the existing biological 
cell structure of the periodontal ligament or as one piece into 
the embedding bone structure of the respective jaw. Accord 
ing to various embodiments of the present invention, primary 
stability is favorably achieved by a custom made splint that 
connects the dental prosthesis with the adjacent tooth or teeth 
or other dental structures like existing implants, bridges and 
the like. The concept of periodontal integration of an artificial 
tooth uses the existing human periodontal ligament for inte 
gration and is certainly less invasive than the integration of 
osseointegrated implants. The concept of integrating a one 
piece prosthesis that includes a root-shape part, an abutment, 
and a crown, according to an exemplary configuration, com 
bines the two clinical episodes of integrating the root-shaped 
part and adapting the crown into one clinical event. Even if 
Such one-piece prosthesis would include an assembly of two 
or more parts, the assembly can be fabricated in the controlled 
environment of a dental laboratory or an industrial fabrica 
tion. As a result, the quality of the interface sealing between 
Such parts can be expected to be of higher quality as produced 
in the mouth of the patient. This may reduce the infection rate 
so that the Success rate of the one-piece prosthesis according 
to an embodiment of the present invention would be higher as 
achieved with implementations according to conventional 
systems. 

0021 Any combination of the aforementioned concepts of 
the various embodiments of the dental prosthesis can be used 
for efficient and/or less-invasive clinical methods according 
to various embodiments of the present invention. One of such 
clinical methods, for example, includes the immediate place 
ment of a one-piece prosthesis allowing immediate loading. 
In another embodiment of the present invention, these con 
cepts can be combined with methods of ultrasonic or other 
vibrations applied to the prosthesis or adjacent tooth/teeth 
after placement in order stimulate bone and tissue healing. In 
another embodiment of the present invention, the extraction 
of the tooth might be performed using ultrasonic or other 
vibrations applied to the tooth of interest to facilitate the 
extraction. 

0022. According to an embodiment of the present inven 
tion, an example of a dental prosthesis for implantation into a 
jaw bone cavity of a pre-identified patient includes a root 
portion and a crown portion provided either together as a 
unitary structure or as separate components connected 
together. The root portion is configured to be positioned in 
and integrated into a jaw bone cavity of a specific pre-identi 
fied patient and having an outer Surface. The outer Surface of 
Substantial portions of the root portion can have a custom 
three-dimensional Surface shape specifically dimensionally 
matching an undersized three-dimensional Surface shape of 
corresponding outer Surface portions of a root of a natural 
tooth of the pre-identified patient removed from the jawbone 
cavity of the pre-identified patient. Typically, the majority of 
the root portion will have the undersize configuration. 
Strongly bent root tips, however, may be reduced or left away 
in order to ease the insertion of the prosthesis into the job bone 
cavity. 
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0023. According to an embodiment of the method, the 
three-dimensional shape of the at least Substantial portions of 
the root portion of the tooth prosthesis can be undersized 
approximately 0.2 to 0.3 mm with respect to the jaw bone 
cavity. 
0024. According to an embodiment, the root portion does 
not exceed dimensionally the natural three-dimensional 
shape of the outer surface of the root portion of the nonfunc 
tional tooth that corresponds to an embedding outer Surface of 
the jawbone cavity, and/or a natural pre-insertion three-di 
mensional shape of the embedding jaw bone cavity Surface 
when the tooth prosthesis is clinically positioned therein. This 
advantageously can reduce occurrences of atrophy caused by 
a chronic pressure exerted on the Surrounding tissue inherent 
with prosthetic systems which employ a “press-fit’ method 
ology of Securing the tooth prosthesis within the jaw bone 
cavity, and occurrences of damage to adjacent tissue due to 
portions of the outer Surface of the root portion protruding 
into the adjacent tissue. 
0025. According to one or more embodiments, the root 
portion further includes a biocompatible enhancement. This 
can include engineered tissue. The engineered tissue can 
include autologous or non-autologous engineered tissue 
material. The biocompatible enhancement include ancestral 
cells positioned on the outer surface of the root portion, cells 
of a tooth position on the outer Surface of the root portion, a 
nano-crystalline diamond coating forming at least portions of 
the outer Surface of the root portion, and a coating of an inner 
biotic pharmaceutical located on Substantial portions of the 
outer Surface. According to one or more embodiments, the 
root portion can include a gel adapted to form a barrier mem 
brane when sprayed with water, positioned on Substantial 
portions of the outer surface of the root portion prior to 
insertion of the root portion into the jaw bone cavity and a 
layer of silver positioned adjacent a permanent crown portion 
when connected thereto, configured to reduce healing gum 
tissue growth. According to one or more embodiments, the 
main body and/or outer Surface of the root portion can com 
prise Zircon oxide, titanium, a titanium alloy, and a ceramic 
material. According to one or more embodiments, a root main 
body portion of the root portion can include a ceramic or 
biocompatible metal having portions integrated with the 
natural tooth. 
0026. According to an exemplary configuration, the three 
dimensional shape of the outer surface of the root portion of 
the dental prosthesis is defined by derived digital design data 
(derived from imaging data describing a three-dimensional 
shape of an outer Surface portion of a root portion of a non 
functional natural tooth of a pre-identified patient) to dimen 
sionally match the three-dimensional shape of a correspond 
ing outer surface portion of the root of the natural tooth of the 
pre-identified patient. Correspondingly, the three-dimen 
sional shape of at least Substantial portions of the outer Sur 
face portion of the root portion of the tooth prosthesis sub 
stantially produced by a manufacturing process 
correspondingly can also advantageously dimensionally 
match the three-dimensional shape of the corresponding 
outer surface portion of the root portion of the nonfunctional 
natural tooth described by the imaging data, either at full-size, 
or at an undersize. 

0027. According to an embodiment of the present inven 
tion, the permanent crown portion is configured to be con 
nected to or integral with the root portion of the dental pros 
thesis. A three-dimensional shape of at least a substantial 
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portion of the outer surface of the crown portion substantially 
dimensionally matches the three-dimensional shape of the 
Surface of the natural tooth of the patient. According to a 
exemplary configuration, the three-dimensional shape of the 
outer surface of the crown portion is defined by the digital 
data (derived from imaging data describing a three-dimen 
sional shape of an outer Surface portion of a crown portion of 
a nonfunctional natural tooth of a pre-identified patient) to 
dimensionally match the corresponding three-dimensional 
shape of a corresponding outer Surfaceportion of the crown of 
the natural tooth of the pre-identified patient. Correspond 
ingly, the three-dimensional shape of at least Substantial por 
tions of the crown portion body substantially matches the 
three-dimensional shape of a corresponding outer Surface 
portion of the crown portion of the nonfunctional natural 
tooth of the pre-identified patient described by the respective 
imaging data. 
0028. According to an embodiment of the present inven 

tion, such as, for example, an embodiment whereby a root 
portion body of the dental prosthesis is configured to be at 
least substantially adhesively held by the periodontal liga 
ment structure adjacent the jaw bone cavity and at least not 
substantially held by direct bone integration with alveolar 
bone tissue adjacent the jaw bone cavity when Substantially 
integrated into and adopted by the periodontalligament struc 
ture, the outer surface portion of the root portion of the dental 
prosthesis is sized so that the substantial portions of the outer 
Surface having a custom three-dimensional Surface shape spe 
cifically dimensionally matching an undersized natural pre 
insertion three-dimensional shape of corresponding portions 
of an embedding jaw bone cavity. 
0029. According to an embodiment, the entire outer sur 
face portion of the root portion corresponding to an entire 
embedding jaw bone cavity Surface associated with the natu 
ral tooth of the pre-identified patient is sized and shaped so as 
to not exceed dimensionally the natural pre-insertion three 
dimensional shape of the respective embedding jaw bone 
cavity Surface when the dental prosthesis is clinically posi 
tioned therein. 

0030. According to an embodiment, the three-dimen 
sional shape of the Substantial portions of the root portion is 
undersized approximately 0.2 to 0.3 mm with respect to the 
corresponding portions of the jaw bone cavity receiving the 
root portion of the dental prosthesis. 
0031. According to an embodiment of the present inven 

tion, the root portion of the tooth prosthesis is manufactured 
by applying a layer of biocompatible material to an outer 
surface portion of a main body portion of the root portion of 
the tooth prosthesis, e.g., performed prior to insertion of the 
root portion of the tooth prosthesis into a jaw bone cavity of 
the pre-identified patient. The respective biocompatible 
material can include, for example, engineered tissue compris 
ing non-autologous tissue-engineered material and/or autolo 
gous tissue-engineered material, ancestral cells, animal cells, 
and/or human cells, a matrix protein derivative, a growth 
protein, a layer of cement, a cement material comprising a 
layer of between approximately 0.05 mm and 0.2 mm of a 
resin-modified glass ionomer cement, a glass ionomer 
cement comprising a calcium-alumino-silicate glass powder 
and an aqueous Solution of an acrylic acid homo- or co 
polymer, a layer of mineral trioxide aggregate, a light-acti 
vated resin-modified glass ionomer cement, a calcium 
hydroxide cement, and/or a drug release coating or an antibi 
otic pharmaceutical, or various combinations thereof. 
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0032. According to an embodiment of the present inven 
tion, the root portion of the tooth prosthesis is manufactured 
by applying a first layer of biocompatible material to outer 
Surface portions of a main body portion of the root portion of 
the tooth prosthesis, and applying a second layer of biocom 
patible material atop the first layer of biocompatible material 
prior to insertion of the root portion of the tooth prosthesis 
into ajawbone cavity of the pre-identified patient. According 
to a specific example of an embodiment of the root portion of 
the dental prosthesis, the first layer includes a calcium 
hydroxide (Ca(OH)2) cement and a second layer includes a 
matrix protein derivative. Further, according to this exem 
plary embodiment, the portions of the root portion compris 
ing the first and the second layers of biocompatible material 
that correspond to the jaw bone cavity in its entirety do not 
dimensionally exceed a natural pre-insertion three-dimen 
sional shape of portions of the jaw bone cavity receiving the 
tooth prosthesis when the tooth prosthesis is clinically posi 
tioned in the jawbone cavity of the pre-identified patient. This 
advantageously can reduce occurrences of atrophy caused by 
a chronic pressure exerted on the Surrounding tissue inherent 
with prosthetic systems which employ a “press-fit’ method 
ology of Securing the tooth prosthesis within the jaw bone 
cavity. 
0033 According to an embodiment of the present inven 
tion, the root portion of the tooth prosthesis can also or alter 
natively be manufactured by applying a gel adapted to form a 
barrier membrane when sprayed with water to enhance tissue 
growth to outer surface portions of the root portion of the 
tooth prosthesis adjacent the permanent crown portion con 
nected thereto, and/or applying a layer of silver to outer 
surface portions of the root portion of the tooth prosthesis 
adjacent a permanent crown portion connected thereto to 
reduce healing gum tissue growth such as, for example, dur 
ing integration into and adoption by the periodontal ligament 
Structure. 

0034. According to an embodiment of the present inven 
tion, the root portion of the tooth prosthesis can also or alter 
natively manufactured through application of a rapid proto 
typing process performed by a computer numerical control 
(CNC) based rapid prototyping apparatus to form the at least 
a substantial portion of the root portion of the tooth prosthe 
sis. Particularly, the root portion of the dental prosthesis is 
formed by depositing material layer-by-layer in a plurality of 
layers. According to an exemplary configuration, each layer 
has an edge in accordance with the digital design data, with 
the layers being stacked to thereby form a solid object shaped 
to conform to a three-dimensional surface defined by the 
digital design data. The rapid prototyping process can also or 
alternatively include selectively hardening material layer-by 
layer, in a plurality of layers, with each layer having an edge 
in accordance with the digital design data and being stacked 
to thereby form a solid object shaped to conform to a three 
dimensional Surface defined by the digital design data. The 
rapid prototyping process can also or alternatively include 
selectively combining granular material to form the at least a 
substantial portion of the root portion of the tooth prosthesis. 
According to an exemplary configuration, the rapid prototyp 
ing process can also include manufacturing the root portion 
and the crown portion of the tooth prosthesis together to form 
a Substantially unitary structure. Alternatively, at least a Sub 
stantial portion of the root portion and a crown portion of the 
tooth prosthesis can beformed from a single block of the body 
material to form a substantially unitary structure. 
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0035. According to an embodiment, the digital design data 
is derived by converting at least a portion of the imaging data 
into a computer-aided design (CAD) and/or computer-aided 
manufacturing (CAM) format defining a converted three 
dimensional shape data, and forming a virtual three-dimen 
sional model of the at least a substantial portion of the root 
portion of the nonfunctional natural tooth of the pre-identified 
patient responsive to the converted three dimensional shape 
data. Correspondingly, the root portion of the tooth prosthe 
sis, representing at least a substantial portion of the virtual 
three-dimensional model, is formed by employing a CNC 
based rapid prototyping apparatus. 
0036. According to an other embodiment of the present 
invention, a method of manufacturing a dental prosthesis for 
implantation into ajaw bone cavity of a pre-identified patient, 
is provided. The method can include the steps of receiving 
imaging data describing a three-dimensional shape of an 
outer Surface portion of a root portion of a nonfunctional 
natural tooth of a pre-identified patient, deriving digital 
design data defining a three-dimensional shape of an outer 
Surface of the root portion of a tooth prosthesis matching a 
corresponding three-dimensional shape of a corresponding 
outer surface portion of the natural tooth of the pre-identified 
patient responsive to the received imaging data, manufactur 
ing the root portion of the tooth prosthesis at least partially 
responsive to the digital data to form the at least a substantial 
portion of the root portion of the tooth prosthesis, and manu 
facturing tissue engineered means for Surface conditioning 
the outer surface of the root portion of the tooth prosthesis by 
employing tissue engineering processes to be applied to one 
or more of the following: the surface of the root portion of the 
tooth prosthesis and the jaw bone cavity of the pre-identified 
patient. 
0037 According to yet another embodiment of the present 
invention, a method of manufacturing a dental prosthesis for 
implantation into a jawbone cavity of a pre-identified patient 
can include the steps of receiving autologous tissue samples 
of the pre-identified patient, developing tissue engineered 
means for Surface conditioning an outer Surface of the root 
portion of the tooth prosthesis from the autologous tissue 
samples of the pre-identified patient, and providing the tissue 
engineered means for Surface conditioning an outer Surface of 
the root portion of the tooth prosthesis to be clinically applied 
thereto. 

0038. Such embodiments of the various methods can be 
also favorably combined with laboratory methods according 
to various embodiments of the present invention. One of such 
laboratory methods can include the coating of the root portion 
of the prosthesis with engineered tissue that is grown in the 
laboratory from autologous tissue, bone or root material 
samples of the patient of interest. Alternatively, to the afore 
mentioned use of autologous material, human allogenic bone, 
root or tissue material, can be used. Alternatively, to the use of 
human bio-material, tooth, bone or tissue material of animals, 
for example, bovine or synthetic materials, can be used for the 
process step of tissue engineering. Tissue engineering 
includes the use of a combination of cells, engineering mate 
rials, and Suitable biochemical factors to improve or replace 
biological functions. In the context of certain embodiments of 
the present invention disclosed herein, this would include the 
growth of soft tissue or bone structures in a controlled labo 
ratory environment. 
0039. The term regenerative medicine is often used syn 
onymously with tissue engineering, although those involved 
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in regenerative medicine place more emphasis on the use of 
stem cells to produce tissues. This is an additional approach 
that can be favorably combined with other specific embodi 
ments of the present invention, disclosed herein. 
0040. The various embodiments of this invention are not 
only substitutive but additive to the available options in the 
field of restorative and prosthetic dentistry with the result that 
in most cases the need to use removable dentures will be 
significantly postponed. In this context, various embodiments 
of the present invention described herein relate to fabricating 
customized segments of the dentition, single teeth, roots and 
crowns or parts of those. The artificial reproduction of the 
original root will be inserted into the alveolus, the natural 
cavity of the root of the tooth to be replaced. It will either be 
adopted by the periodontal ligament of the patient or osseoin 
tegrated, if the periodontal ligament is no longer functional. 
The shape of the root will be a substantial copy of the root to 
be replaced or may be intentionally Smaller, for example, to 
compensate for measurement or manufacturing tolerances or 
inaccuracies and to prevent atrophy and damage to the alveo 
lar situation. The shape of Such roots may be dimensionally 
consistent with the root to be replaced, or it may be directly 
adapted to the alveolar situation, or any combination thereof. 
0041. In certain cases it is advantageous according to an 
embodiment of the present invention to modify the shape to 
be integrated. For example, it may be appropriate to conjoin 
the two or three roots of a molar to gain additional stability or 
enable the manufacturing of Such. Also, strongly bent root 
tips may be reduced or left away in order to ease the insertion 
of the prosthesis. In cases of root resorption, it may be appro 
priate to re-establish a shape close to the estimated shape of 
the original shape of the root before the resorption clinically 
occurred. Accordingly, advantageously, imaging data of an 
earlier clinical situation or imaging data of mirrored or un 
mirrored data of the same or a similar shaped root of the same 
or the other (right-to-left, left-to-right) side of the jaw or of an 
opponent jaw of the patient may be favorably used in this 
context according to one or more embodiments of the present 
invention. It may be additionally possible to consider and use 
generic (averaged) root shapes in the process designing the 
target shape of the prosthesis. The extraction socket may be 
enlarged to accommodate for a bigger or different root shape 
compared to the extracted root shape. 
0042. Various embodiments of the present invention avoid 
or postpone the need of conventional heavily invasive 
implants for a significant time by using at first the natural 
periodontal structure as long as possible and afterwards by 
customized osseointegrated artificial roots or teeth. No Such 
approach in dentistry based on design and manufacture of 
customized teeth including the root, or only roots Suitable to 
be used in conjunction with off-the-shelfor customized com 
ponents (typically for the visible part like veneers or complete 
crowns) used in the field of implantology for an individual 
patient, and design and manufacture of Such customized 
tooth, has been proposed to date. The implants widely used in 
dental treatment today are off-the-shelf products. Because 
teeth have to fit properly for comfort and healing-process 
after Surgery in the periodontal ligament of a patient, some 
commonly used implants do not constitute an optimal 
replacement. 
0043. According to various embodiments of the present 
invention disclosed herein, the artificial root will be osseoin 
tegrated—embedded into the natural extraction cavity. Other 
embodiments of the present invention advantageously main 
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tain and preserve the principle of the natural mechanism of 
holding the teeth in the jaw structure of a dental patient in 
cases where a tooth needs to be replaced. According to Such 
embodiments of the present invention, the customized dental 
prostheses are integrated into, healed in, and at least partially 
adopted by the fibrous connective tissue interface of the ana 
tomical structure of an individual patient that is naturally 
holding the tooth. 
0044) Directly after placement, the prosthesis may be tied, 
glued or otherwise fixated for several weeks to adjacent origi 
nal or artificial teeth or tentative implants like mini-screws 
likewise with the custom splint according to an embodiment 
of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0045. So that the manner in which the features and advan 
tages of the invention, as well as others which will become 
apparent, may be understood in more detail, a more particular 
description of the invention briefly summarized above may be 
had by reference to the embodiments thereof which are illus 
trated in the appended drawings, which form a part of this 
specification. It is to be noted, however, that the drawings 
illustrate only various embodiments of the invention and are 
therefore not to be considered limiting of the inventions 
scope as it may include other effective embodiments as well. 
0046 FIG. 1 shows a procedure of replacing a human 
tooth with a dental prosthesis in accordance with an embodi 
ment of the present invention. 
0047 FIG. 2 is a detailed cross-sectional view of a natural 
tooth. 
0048 FIG. 3 shows the process steps of intra-orally 
acquiring three-dimensional data of a human tooth, fabricat 
ing an artificial copy, extracting the natural tooth and replac 
ing it with the artificial copy according to an embodiment of 
the present invention. 
0049 FIG. 4 shows the process steps of extracting the 
natural tooth, extra-orally acquiring three-dimensional data 
of that tooth, fabricating an artificial copy and inserting the 
copy into the Socket of the natural tooth according to an 
embodiment of the present invention. 
0050 FIG. 5 shows the process steps of acquiring three 
dimensional data of the root of an extracted human tooth, 
processing and completing the resulting 3D data with features 
for connecting an off-the-shelf abutment and inserting the 
prosthesis into the Socket of the natural tooth according to an 
embodiment of the present invention. 
0051 FIG. 6 shows an artificial tooth having a root portion 
and a crown portion, the portions representing the root being 
coated in order to promote periodontal integration according 
to an embodiment of the present invention. 
0052 FIG. 7 is a view of an artificial tooth being made 
from a material promoting periodontal integration, the crown 
being coated with another material having optimized esthetic 
and/or mechanical properties according to an embodiment of 
the present invention. 
0053 FIG. 8 shows an artificial tooth, the portion repre 
senting the crown being made from a material having opti 
mized esthetic and/or mechanical properties, while the por 
tion representing the root is made from a material promoting 
periodontal integration according to an embodiment of the 
present invention. 
0054 FIG. 9 is a view of an artificial tooth being made 
from a material having optimized esthetic and/or mechanical 
properties, the portions representing the root being coated in 
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order to promote periodontal integration according to an 
embodiment of the present invention. 
0055 FIG. 10 shows an artificial tooth being embedded in 
the Socket of the natural tooth according to an embodiment of 
the present invention. 
0056 FIG. 11 shows a view of a segmented artificial tooth, 
the segment representing the root being connected to the 
segment representing the crown by a connecting element 
according to an embodiment of the present invention. 
0057 FIG. 12 is a view of a segmented artificial tooth, the 
segment representing the root and the segment representing 
the crown having an interlocking connection according to an 
embodiment of the present invention. 
0.058 FIG. 13 is a cross-sectional view of a segmented 
artificial tooth, the segment representing the root being 
expanded using a screw and a dowel in order to Support 
osseointegration and improve physical stability after implan 
tation according to an embodiment of the present invention. 
0059 FIG. 14 shows an extraction socket. 
0060 FIG. 15 is the artificial tooth of FIG. 13 inserted into 
the extraction socket and expanded. 
0061 FIG. 16 is a view of an artificial tooth according to 
FIG. 15, wherein voids between the socket and the tooth are 
filled with a bone promoting Substance according to an 
embodiment of the present invention. 
0062 FIG. 17 shows an artificial tooth inserted into the 
extraction Socket and firmly pressed against the walls of the 
Socket in order to promote osseointegration into the bone. 
0063 FIG. 18 shows an extraction socket of a patient, the 
Socket filled with a bone promoting Substance, and a connec 
tion element for the root being embedded into the bone pro 
moting Substance. 
0064 FIG. 19 shows an artificial crown attached to the 
connection element of FIG. 18 after the bone promoting 
Substance has been replaced by newly grown bone. 
0065 FIG. 20 is a view of a bridge according to prior art. 
0.066 FIG. 21 is a view of a bridge according to an 
embodiment of the present invention. 
0067 FIG. 22 shows an artificial tooth according to an 
embodiment of the present invention, the portion represent 
ing the root being slightly reduced in size compared to the 
natural tooth. 
0068 FIG. 23 shows a natural tooth having strongly 
crooked roots and the artificial Substitute according to an 
embodiment of the present invention, wherein the shape of 
the substitute has been altered in order to allow for simplified 
insertion into the natural Socket. 
0069 FIG. 24 shows a natural tooth suffering from partial 
root loss due to root resorption or a Surgical procedure and an 
artificial Substitute according to an embodiment of the present 
invention, the shape of the artificial tooth being optimized for 
better adaption to the natural Socket. 
0070 FIG.25 shows a tooth socket after extraction. Due to 
root resorption, the size of the socket has been reduced over 
time. In order to enhance anchoring, the artificial replacement 
will have a root portion of greater size. Therefore, the socket 
is Surgically enlarged. 
0071 FIG. 26 shows a dental implant according to prior 
art 

0072 FIG. 27 shows another implant according to prior 
art 

0073 FIG. 28 shows a removable denture according to 
prior art. 
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0074 FIG. 29 shows 3D data resulting from the imaging 
of the root of a natural tooth according to an embodiment of 
the present invention. 
0075 FIG. 30 shows the 3D data of FIG. 29, but cleanly 
cut at the top, and a virtual hexagon Socket from an electronic 
library according to an embodiment of the present invention. 
0076 FIG. 31 shows a partial cross-section of an implant 
having a hexagon Socket and a thread for attaching the abut 
ment according to an embodiment of the present invention. 
0077 FIG. 32 shows an arbitrary portion of an STL file in 
ACSII format. 
0078 FIG.33 shows an arbitrary portion of an IGES file in 
ACSII format. 
0079 FIG. 34 shows an implanted artificial tooth, the 
voids between the root portion and the extraction socket filled 
with a bone promoting Substance according to an embodi 
ment of the present invention. 
0080 FIG.35 is a cross-sectional view of the components 
of a segmented artificial tooth according to an embodiment of 
the present invention, the segment representing the root being 
expandable by being slotted and having a conical thread. 
0081 FIG. 36 is the artificial tooth of FIG.35 inserted into 
the extraction socket and being expanded by inserting screw 
into the conical thread according to an embodiment of the 
present invention. 
0082 FIG. 37 is a known two-part implant for osseointe 
gration. 
0083 FIG. 38 is a known three-part implant for osseoin 
tegration. 
0084 FIG. 39 is a single-tooth prosthesis for osseointe 
gration showing a custom shaped torus as a barrier against 
tissue growth according to an embodiment of the present 
invention. 
0085 FIG. 40 is a single-tooth prosthesis showing a laby 
rinth-sealing feature as barrier against bacteria infiltration 
according to an embodiment of the present invention. 
I0086 FIG. 41 is a single-tooth prosthesis showing a build 
up of a crown portion of translucent ceramic layers according 
to an embodiment of the present invention. 
0087 FIG. 42 is a single-tooth prosthesis showing a root 
portion having drug releasing Surface according to an 
embodiment of the present invention. 
0088 FIG. 43 is a single-tooth prosthesis and a custom 
made splint for positioning and fixation of Such to the adja 
cent dental structure according to an embodiment of the 
present invention. 
0089 FIG. 44 shows the process steps of fabricating a 
one-piece prosthesis partially from in-vivo imaging data and 
partially from imaging data of impressions, merging those 
imaging data, design a prosthesis and a custom splint, and 
fabricating the prosthesis and the splint by computer numeri 
cal control (CNC) machining according to an embodiment of 
the present invention. 
0090 FIG. 45 shows the process steps of fabricating a 
one-piece prosthesis from design data, completing the design 
by segmenting the prosthesis in a root portion that includes an 
abutment and a crown portion, fabricate the root portion by 
computer numerical control (CNC) machining, fabricating a 
negative shape of the crown portion as a mould by computer 
numerical control (CNC) machining, and use the root portion 
and the mould to complete the one-piece prosthesis shaping 
the crown potion according to an embodiment of the present 
invention. 

Sep. 19, 2013 

0091 FIG. 46 shows the process steps of fabricating the 
custom splint from design data, and fabricating a model of the 
splint by rapid prototyping, build a mould around the splint, 
burning out the model and cast the splint by investment cast 
ing according to an embodiment of the present invention. 
0092 FIG. 47 shows the process steps of clinically insert 
ing a one-piece prosthesis into an extraction socket, position 
ing the prosthesis in relation to the adjacent teeth with the 
custom splint and fixating the prosthesis in relation to the 
adjacent dental structure with adhesive means according to an 
embodiment of the present invention. 
0093 FIG. 48 shows the process steps of clinically pre 
paring an extraction socket with a laser technology based 
device according to an embodiment of the present invention. 
0094 FIG. 49 shows the process steps of manufacturing a 
prosthesis where autologous biological tooth or tissue mate 
rial is taken from a patient to be used in antissue engineering 
process to configure the root portion of the prosthesis for 
periodontal integration according to an embodiment of the 
present invention. 
0.095 FIG. 50 shows the process steps of manufacturing a 
prosthesis where autologous biological bone material is taken 
from a patient to be used in antissue engineering process to 
configure the root portion of the prosthesis for osseointegra 
tion according to an embodiment of the present invention. 
0096 FIG. 51 shows the process steps of fabricating a 
one-piece prosthesis according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION 

(0097. The present invention will now be described more 
fully hereinafter with reference to the accompanying draw 
ings, which illustrate embodiments of the present invention. 
This invention may, however, be embodied in many different 
forms and should not be construed as limited to the illustrated 
embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure will be thorough and com 
plete, and will fully convey the scope of the present invention 
to those skilled in the art. Like numbers refer to like elements 
throughout. The prime notation, if used, indicates similar 
elements in alternative embodiments. 
0098. Current methods for replacing damaged teeth have 
several disadvantages. For example, conventional bridge 
implants require healthy teeth to be ground and osseointe 
grated implants are drastically invasive. Additionally, these 
prostheses have a limited average lifetime. Removable den 
tures (800) as shown, for example, in FIG.28 are certainly the 
final prosthetic option. An object of an embodiment of the 
present invention is to design and manufacture customized 
dental prosthesis for replacing human teeth. FIG. 1 illustrates 
a method of replacing a human tooth with a customized dental 
prosthesis according to an embodiment of the present inven 
tion. First, in step (A), a copy (200) of the natural tooth (100) 
to be replaced is fabricated. Then, in step (B), the natural tooth 
(100) is replaced with the prosthesis (200). 
0099 FIG.2 shows a natural tooth embedded in its socket. 
The pulp (1020) holds nerves and blood vessels (1070). It is 
surrounded by dentine (1010), which is covered with enamel 
(1000). The root portions have a thin layer of cement (1050) 
providing connection to the ligament (1040), which serves to 
anchor the tooth to the bone (1060). The outside of the bone 
is covered with gum (1030). 
0100 FIGS. 26 and 27 show conventional implants. The 
implanted portion (610 and 710) is an off-the-shelf part to be 
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inserted into a hole drilled into the jawbone. The crown (600 
and 700) is generally customized to the individual tooth it is 
replacing. 
0101. According to an embodiment of invention, a dental 
prosthesis is individually shaped and integrated into the natu 
ral extraction socket of an individual patient. The shape of the 
portions of the prosthesis representing the root Substantially 
copies the natural root of the tooth that was located in the 
socket. The shape, however, may be modified in order to 
better adapt to the natural socket or to ease insertion of the 
prosthesis. Also, the Socket may be surgically adapted for the 
same reasons. For example, damaged and infected Soft tissue, 
tooth or bone substances would not allow for immediate 
implantation. Then, a dental laser may be used to remove the 
damaged structures. The most commonly used dental lasers 
are diode, carbon dioxide, erbium YAG, erbium YSGG, 
Nd:YAG, and argon lasers. The applications for each wave 
length depend on the absorptions of laser energy by different 
tissue types. The erbium family can be used for caries 
removal, bone Surgery, mucosal Surgery and gum Surgery. 
While other laser families are mainly used in soft tissues 
Surgeries. Benefits in laser assisted dental treatment include 
decreased morbidity after Surgery, hemostasis, and a reduc 
tion in the need for anaesthetics in selected cases. 
0102) An Erbium laser, for example, emits light with a 
wavelength of 2940 nanometers, which is primarily absorbed 
by water. Decayed material has an extremely high water 
content so that the laser light energy evaporates the damage 
and is able to cut very precisely with little or no collateral 
damage depending on the settings used during the Surgery. 
When used on hard tissues the Erbium laser energy that 
touches the hard tissue heats up the water within the hard 
tissue and causes that water to be turned into steam. That 
causes a mini-explosion to occur and the hard tissue is 
"ablated' (removed). Diode lasers in general use as an active 
medium, a semi-conductor P-N junction made in a GaA1AS 
crystal. A flexible fiber is used to transmit the laser energy to 
the Surgical site. 
0103) According to an embodiment of the present inven 

tion, a segmented prosthesis can be used. A segmented pros 
thesis, also referred to a segment, is one in which a first 
segment is implanted into the extraction Socket and second 
segment, for example, a portion representing the crown of a 
tooth is attached to the segmented portion. Accordingly, a 
segment prosthesis includes at least two separate portions 
which may be manufactured and implanted at separate times. 
The segment which is implanted into the extraction Socket is 
a representation of the root of the natural tooth and can be 
manufactured based on 3D imaging data. The segment rep 
resenting the crown can be manufactured according to stan 
dard procedures known in the art. 
0104. An embodiment of the present invention comprises 
the following steps: (i) recording and digitizing (Scanning) 
the three-dimensional anatomical shape of a human tooth or 
dentition; (ii) obtaining a virtual model of the tooth as data 
record; and (iii) manufacturing of the prosthesis based on the 
three-dimensional data obtained, for example, by the scan 
and, if applicable, optimized. 
0105. The data may either be recorded intra-orally from 
the patient, Such as with a 3D camera, a micro laser optical 
device, a computerized tomography apparatus, or an ultra 
Sound apparatus, or be recorded extra-orally by scanning an 
extracted tooth, for example. If required, the model can be 
modified in order to ease insertion or to receive aids for the 
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final correct positioning of the fabricated prosthesis. The 
prosthesis can be directly produced by milling, grinding or 
rapid prototyping, for example, at a dentists office or in a 
laboratory. It can also be produced using conventional labo 
ratory procedures Such as, for example, casting. The implant 
portion representing the root can be manufactured using 
CAM methods, based on an acquired virtual model, while 
other portions of the prosthesis, for example, representing the 
crown, or bridge, are manufactured using standard proce 
dures known in the art. 
0106 The process of milling or grinding dental crowns 
and inlays from ceramic material based on digital data was 
Successfully introduced to dentistry approximately twenty 
years ago by SIEMENS (now Sirona, Bensheim, Germany) 
under the brand name CEREC. A modification of the SEREC 
system can provide a suitable similar CAD/CAM and CNC 
design and manufacture capability. Although conventional 
prosthesis manufacturing systems, such as the CEREC sys 
tem, are generally closed systems, one skilled in the art would 
readily appreciate these closed systems can be modified Such 
that they may be integrated into the methods of the present 
invention. Furthermore, certain embodiments of the present 
invention disclosed herein relate to standard off-the-shelf 
CAD/CAM and CNC components that can be readily inte 
grated into the disclosed methods 
0107 Preferably, at least the customized implant portion 
of the dental prosthesis is fabricated using a CAD/CAM 
based method and system, wherein the three-dimensional 
shape of an extracted tooth is scanned and substantially cop 
ied, using a 3D scanner, multi-axes CNC machinery, and 
biocompatible material or material later to be covered with a 
thin layer of biocompatible material that is suitable to be 
integrated into and adopted by the existing periodontal liga 
ment cell structure of an individual patient. 
0108. An overview of a method for replacing a tooth 
according to an embodiment of the present invention is shown 
in FIG. 5. First, the tooth to be replaced is extracted (step G) 
and properly cleaned (step M). Then, 3D imaging (step N) is 
performed in order to obtain 3D data (D) representing the 
three-dimensional shape of the root of the tooth. The resulting 
3D data is imported into CAD software and displayed to an 
operator (step E). At this point, the 3D data may be modified, 
for example, to alter the shape of the root of the virtual model. 
It should be noted that although FIG. 5 contemplates interac 
tion with an operator, one skilled in the art would readily 
appreciate that this functionality may be fully automated. 
Additional features also may be added from a digital library 
and merged into the 3D root data (step S). The resulting 3D 
data is converted into IGES format and exported (step H) to a 
CAM system for fabricating (step 1) the prosthesis (J). The 
fabricated prosthesis is then coated with a Substance promot 
ing bone ingrowth (step K). It should be noted that, according 
to an embodiment of the present invention, coating the pros 
thesis is an optional step. The prosthesis is then implanted 
into the extraction socket (step L). 
0109 The tooth to be replaced, a lower left incisor (having 
an envelope Volume of approximately 7 mmx8 mmx23 mm), 
for example, is extracted in a Surgical environment and then 
disinfected and cleaned in a solution of hydrogen peroxide. 
The three-dimensional shape (scan) of the extracted tooth 
may be obtained using, for example, a light-based scanner 
such as, for example, the ATOS II SO (gom GmbH, Braun 
Schweig, Germany). In a first step, the root of the tooth is 
scanned. To achieve an optimal Surface for optical scanning, 
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the root is covered with a thin layer of TiO, powder (e.g., 
CEREC powder from Sirona, Bensheim, Germany) that is 
applied with an atomizer using compressed air. Other coat 
ings are also applicable that can, for example, be applied by 
air-brush painting or a regular brush. For example, it is pos 
sible to "shake-up' TiO, powder in alcohol and apply a uni 
form thin layer of TiO, by airbrushing to thereby generate 
high-precision data during scanning A portion of the crown of 
the tooth can be attached to the turntable of the scanner using 
a removable adhesive material (like, e.g., wax used in dental 
laboratories). 
0110. The turntable is then rotated in 15° increments step 
by step for a 360° view. The scanner scans at each of the 15° 
degree increments the optically accessible root surface of the 
tooth, and can thus, generate and export digital Surface data 
representing the Scanned portions of the three-dimensional 
shape of the surface of the root. The turntable is controlled by 
the software delivered with the scanner. 
0111. The digital surface data consists of multiple mea 
Surement data points each having an x, y, and Z coordinate and 
together having a density better than 0.1 mm and an accuracy 
noise of less than 0.05 mm. Alternatively, other resolutions, 
accuracies, and coordinate systems including, but are not 
limited to cylindrical or spherical coordinate systems, can be 
employed by those skilled in the art. The data points are then 
exported in STL format according to this exemplary embodi 
ment of the present invention. This widely used file format 
describes a surface or portions of a surface by interconnected 
triangles. STL files can be encoded either binary or in ASCII 
format. FIG. 32 shows an arbitrary example of a portion of 
such a file in the easily readable ASCII format. 
0112 Reference elements that are fixed to the turntable 
can additionally be scanned at each increment. The ATOS II 
scanner software is able to detect such reference elements in 
the STL data of each incremental scan. Based on the reference 
elements it automatically transforms, Superimposes, and 
combines the incremental scans. The result is a comprehen 
sive STL file describing the surface of the root of the tooth. 
0113. Other suitable imaging methods include, but are not 
limited to CT, CBCT, MRT, ultrasound, destructive scanning, 
active triangulation, passive triangulation, confocal scanning, 
and Time of Flight (TOF). Such methods generate either 
Surface descriptions, for example, in STL-format, or Volu 
metric data, for example, in a so called “voxel-format that 
can be transformed into Surface data by generally available 
Software applications known to those skilled in the art, and 
Vice versa. 

0114. The scan of the root is then loaded into a CAD 
software application called MAGICS (Materialise, Leuven, 
Belgium), for example. Using the cutting features of MAG 
ICS, the occlusal facing edge of the virtual root model (FIG. 
29, 20000), which will be uneven and “frayed in the original 
scan data, can be straightened in order to receive a clean 
contour. A straight cut is then performed at a location (19030) 
where scan data is Substantially complete. This is demon 
strated in FIGS. 29 and 30. Then, from an electronic library, 
a virtual hexagon Socket is selected, for example, and addi 
tionally loaded into MAGICS and placed on top of the virtual 
root, as shown in FIG. 30. Note, when terms like “top” and 
“bottom’ are used in this context, it is always assumed the 
root tip points downwards. The hexagon Socket consists of the 
hexagon shape (19000) fitting to the off-the-shelf abutment 
that can later be mounted to the artificial root, and a junction 
portion (19020) provides the transition to the virtual root. 
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Since there is a significant variation in root thicknesses and 
shapes, a selection of hexagon Sockets is available in the 
electronic library, each having a different junction portion in 
order to receive a minimal gap between the virtual root and 
the virtual socket. 
0.115. In a next step, the so-called “stitching functionality 
of MAGICS can be used to close the gap (19010) between the 
virtual root and the virtual socket and, if applicable, also other 
gaps that may be a result of incomplete Scanning. The out 
come of this step is a virtual representation of a solid. In this 
context, a three-dimensional Solid is an unambiguous numeri 
cal description of the Surface of the geometrical shape of a 
three-dimensional object, with the numerical description 
showing no holes and clearly identifying the inside and the 
outside of the surface. 
0116. The hexagon socket of the actual prosthesis may 
also have an inside thread (FIG. 31, 21000) to receive the 
screw used for mounting the crown. In the embodiment of the 
present invention, this thread is not part of the virtual model. 
Rather, the first step of manufacturing is to cut this thread into 
the workpiece used for fabricating the prosthesis, and then to 
use it to mount the workpiece to the machine table of the 
milling machine. To ensure spatial integrity, the coordinate 
system of the virtual Solid generally must be placed properly. 
Preferably, the origin of the coordinate system will be placed 
in the center of the hexagon, with one of the main axes 
running parallel to the midline of the thread as shown in FIG. 
31. 

0117 The STL data describing the solid representing the 
tooth are then converted to an IGES data format. This is 
performed using, for example, software named SolidWorks 
(SolidWorks Corp., Concord, Mass. USA). The IGES file 
allows generating a CNC sequence to machine an artificial 
tooth from a piece of biocompatible material like titanium or 
a titanium alloy (like TióA14V), that consists, for example, of 
more than 60% of titanium. FIG. 33 shows an arbitrary 
example of a portion of such a file. Ceramic material and other 
biocompatible materials (including but not limited to stain 
less steel (like 1.4435, 1.4542 or 1.4548), synthetics, elastics, 
plastics, resin-modified glass-ionomer cement, hybrid-iono 
mercement, resin-enforced cement, and other synthetic and 
plastic materials) are also applicable. For manufacturing the 
prosthesis for the above mentioned lower left incisor, a work 
piece having a size of 20 mm x 10 mmx10 mm is generally 
adequate. For machining, a traditional 5-axis CNC milling 
device with a high-speed spindle can be used. Other work 
piece sizes and multi-axes CNC machining devices can, how 
ever, be employed in this context by those skilled in the art. 
0118. After cutting the thread that will be located in the 
center of the hexagon of the finished prosthesis, the work 
piece is screwed to an adapter on the machine table of the 
milling machine by using said thread. The adapter is either 
shaped so that it leaves sufficient clearance for the milling 
spindle and the cutter, or a disposable adapter is used so that 
portions of the adapter itself may be milled off. After teaching 
the machine the position and inclination of the workpiece, 
entering the machine and process parameters, and overlap 
ping the physical workpiece with the virtual shape, the root 
shape of the left lower incisor can be machined by grinding 
the workpiece down layer-by-layer to the desired shape. 
0119. After manually cleaning, removing the excess, if 
applicable, polishing, degreasing, etching rinsing, disinfect 
ing and drying the workpiece, it is ready for insertion. In order 
to improve the integration of the implant into the bone, further 
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treatments known to those skilled in the art are possible. 
Sand-blasting with ceramic particles, for example, creates a 
rough and thus significantly enlarged surface. Other porous 
Surfacing technologies can be used in this context too. Coat 
ing the Surface with hydroxylapatite stimulates bone forma 
tion, promoting a physico-chemical bond. Other coatings 
suitable to facilitate include, but are not limited to, pharma 
ceuticals, ancestral cells, and proteins. Instead of coating, the 
aforementioned Substances can be applied by others means 
including, but not limited to, adjunction and injection. 
0120 Before inserting the prosthesis, the extraction 
socket will be properly scraped out or curetted and cleaned. In 
another embodiment of the present invention, the socket will 
then be filled with Bioplant (Kerr Corporation, Orange, 
Calif.). Bioplant is a bone promoting Substance. It is hydrated 
with marrow blood from the extraction socket and then 
injected into the socket using a special Syringe delivered with 
Bioplant. Bioplant fills any voids present between the socket 
and the implant. After insertion of the implant, additional 
Bioplant may be applied in order to fully embed the implant 
below the hexagon socket. FIG. 34 shows the prosthesis 
embedded in the extraction socket, with the voids being filled 
with Bioplant (13000). Alternatively, or in addition, bone 
de-mineralized matrix proteins, bone growth stimulating pro 
teins, or other growth stimulating Substances may be applied 
or otherwise used to facilitate the osseointegration and the 
building of the secondary stability of the prosthesis. The 
application of growth stimulating Substances can be com 
bined with antibiotic substances to avoid or suppress infec 
tion or inflammation. Drug releasing Surfaces can be loaded 
with the aforementioned medical Substances or any combi 
nation thereof releasing Such substance(s) over a period of 
time. Growth stimulating Substances can include or be 
derived from autologous, allogenic, or animal-derived cells 
or tissue. In order to avoid the growth of the gum into the void 
between the implant and the extraction socket, membrane 
techniques known to those skilled in the art can be employed. 
Also, the top of the implant excluding the hexagon can be 
covered with Bioplant. A healing cap is placed on top of the 
implant. The implant can be secured to the adjacent teeth for 
about six weeks, for example, by means of a light-curing resin 
strip known to those skilled in the art. 
0121. After the implant is healed in, standard procedures 
known to those skilled in the art can be performed. After an 
alginate impression has been taken, a customized tray is fab 
ricated, reinforced, and perforated where the implant is 
located. An impression post is screwed onto the implant, and 
the customized tray is placed onto the dentition. The void 
between the perforation in the tray and the impression post is 
filled with impression putty. After the putty has set, the screw 
attaching the impression pinto the implant is unscrewed, and 
the impression is removed from the patient’s dentition and 
sent to a specialized laboratory. Based on the impression and 
an impression of the opposing jaw, the technician can fabri 
cate a crown. When the crown is delivered, the abutment is 
screwed to the implant, and the crown is cemented onto the 
abutment. 

0122) Another substance suitable to promote bone regen 
eration is CERASORB DENTAL (curasan AG, Kleinos 
theim, Germany). It consists mainly of pure phase beta-tri 
calcium phosphate (beta-TCP). CERASORB is completely 
resorbed and replaced by natural bone structure. Collagen 
fibers and blood vessels invade the interconnecting micro 
pores of the CERASORB granules (micro-pores) and the 
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inter-granular cavities (macro-pores). The primary-grain size 
of 10-63 um does not provoke phagocytosis by macrophages. 
(0123 U.S. Patent Application Publication No. 2005/ 
0084.513, which is hereby incorporated by reference in its 
entirety, discloses a coating for an implant Surface. The coat 
ing promotes characteristics on the implant Surface Such as 
reducing protein unfolding, preventing inflammatory and 
fibrotic cell accumulation, reducing the number of such cell 
attachment sites and preventing other adverse biological reac 
tions. The coating may be applied on material via physical 
and/or chemical binding. It may also be used for in vitro 
purposes. 
0.124. Another option is to apply nano-crystalline dia 
mond coating. A coating named r-BeSt (Hartstoffbeschich 
tungs GmbH, Innsbruck, Austria) shows 100% biocompat 
ibility due to the pureness of the diamond coating, an optimal 
interconnection between Substrate and diamond coatings, and 
good tribological properties due to the Smoothness of the 
layer and an active Surface for bio-chemical reactions. 
Another option is to apply inert coating with pyrolyt-carbon, 
which includes isotropic and non-isotropic structures. 
0.125. In yet another embodiment sputter technologies are 
used to apply, for example, Zircon-oxide Surface on a custom 
made titanium body to prepare adventurous Surface features. 
For example, it is known that Zirconium-oxide is tissue 
friendly. Sputter technologies include ion sputtering, plasma 
sputtering and other sputtering technologies used under 
WaCUU. 

0126. In another embodiment of the present invention, an 
unsegmented prosthesis can be fabricated as shown in FIG.9. 
The steps of the process are outlined, for example, in FIG. 4. 
The tooth to be replaced is extracted (step G) and properly 
cleaned (step M). Then 3D imaging (step N) is performed in 
order to obtain 3D data representing the three-dimensional 
shape of the complete tooth. The resulting 3D data (D) is 
imported into CAD software and displayed to the operator 
(step E). The shape is modified and optimized as needed (step 
F, see also FIGS. 23 and 24). The resulting 3D data is con 
verted into IGES format and exported (step H) to a CAM 
system for fabrication of the prosthesis (step 1). The finished 
prosthesis (J) can be coated with a substance promoting bone 
ingrowth (step K) and is then implanted into the extraction 
socket (step L). It should be noted that although FIG. 4 con 
templates possibly interaction with an operator, one skilled in 
the art would readily appreciate that this functionality may be 
fully automated. 
I0127. The prosthesis according to this exemplary embodi 
ment, is preferably made from a material Supporting osseoin 
tegration, Such as porous calcium phosphate ceramic. This 
material provides a scaffold for bony ingrowth. In order to 
fabricate a complete prosthesis, the shape of the crown must 
also be available. Therefore, after the imaging of the root 
portion has been completed, as described above, for example, 
with respect to FIG. 5, the crown, covered with TiO powder, 
is scanned. A portion of the root of the tooth is attached to the 
turntable of the scanner while the crown is optically exposed 
in order to be scanned in the same incremental manner. A 
second comprehensive STL file describing the surface of the 
crown of the tooth is accordingly generated. The scan of the 
root as well as the scan of the crown is performed in Such a 
way that a significant overlapping area of the Surface of the 
counterpart is included in each scan. 
0128. The scan of the root and of the crown are then loaded 
into MAGICS and manually maneuvered to a best fit using the 
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overlapping areas of both scans, and merged into one STL 
data file. In order to increase accuracy, Software detecting a 
best fit for two independent surfaces can also be used. After 
manually removing outliers of the scanned measurement 
data, if required, and identifying and correcting deficient 
triangles and adding missing parts, the resulting STL surface 
data forms a three-dimensional Solid representing the overall 
shape of the extracted tooth. 
0129. The STL data is then converted to an IGES data 
format. To fabricate the above mentioned lower left incisor, a 
piece of calcium phosphate ceramic having a size of approxi 
mately 25 mmx10 mmx10 mm using a traditional 5-axis 
CNC milling device with a high-speed spindle (about 60.000 
rpm), a spherical diamond cutter having a diameter of the tip 
of the cutter of 1 mm and water cooling, can be used. The 
ceramic workpiece is clamped to the machine table of the 
milling machine. After teaching the machine the position and 
inclination of the workpiece, dialing in the machine and pro 
cess parameters, and overlapping the physical workpiece 
with the virtual shape, a first portion representing the root 
shape of the lower left incisor is machined by grinding down 
layer-by-layer the workpiece to the shape of interest. Then a 
fixture is made for that specific workpiece to clamp the work 
piece at the already machined first portion, for example, by 
grinding a portion of the geometrical negative shape of the 
first portion into the receiving part of the fixture. 
0130. After teaching the machine position and inclination 
of the reoriented workpiece clamped into that customized 
fixture, entering machine and process parameters and over 
lapping the physical second part of the workpiece with the 
virtual shape of the second portion to be machined, the crown 
shape of the left lower incisor is machined by grinding the 
workpiece down layer-by-layer to the desired shape. After 
properly cleaning, removing the excess, and degreasing, the 
prosthesis is ready for insertion into the extraction Socket. 
After the implantation, the artificial tooth is fixed substan 
tially to the same position and inclination of the extracted 
tooth by being bonded with light curing resin strip to the 
adjacent teeth. 
0131) An advantage of this embodiment of the invention is 
that the complete replacement of the natural tooth can be 
performed in one appointment. After the prosthesis has 
healed in, only the resin Strip initially securing the prosthesis 
to the adjacent teeth must be removed. A significant amount 
of laborious steps can thus be avoided. FIG. 17 shows an 
osseointegrated unsegmented tooth (900). Osseointegration 
is achieved in marked areas (14000). 
0132. Using computer networks, all process steps may be 
carried out by different and independent parties. The imaging 
part can, for example, be performed at the dentists office, at 
a hospital orata location specialized in imaging. The imaging 
data can then be transferred to a location where the imaging 
data are further processed in order to ready them for manu 
facturing. After the design is finished, the data can again be 
transferred to the dentist for further optimization and/or 
approval. Consulting a remote specialist in difficult cases 
using data transfer may also be applicable. Such a remote 
specialist may be a clinician or an expert in manufacturing or 
laboratory procedures. Then, the data can be transferred to a 
remote manufacturing location. All these data transfers can, 
for example, be performed via the Internet, using preferably 
Virtual Private Network channels to secure privacy, or 
through a local area network. 
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I0133. In yet another embodiment shown in FIG. 7, the 
implant can be made by one type of biocompatible material 
(9020), for example, titanium or a titanium alloy, and the 
portion representing the crown can be coated with another 
biocompatible material (9010), for example, ceramic, to sup 
port both optimal physical strength and esthetics. Alterna 
tively, the crown portion is not coated, but is made from a 
material different from the material used for the root portion. 
FIG. 8 shows an artificial tooth, the portion representing the 
crown being made from a material having optimized esthetic 
and/or mechanical properties, while the portion representing 
the root is made from a material promoting periodontal inte 
gration. Both portions can be attached to each other by a 
variety of connection methods: they can be bonded, 
cemented, fixed mechanically (either by a screw or an inter 
locking Surface), or they can be fabricated from a workpiece 
that is already comprising different materials. Sintering 
would be one of the suitable processes. Therefore, the pros 
thesis can be fabricated either segmented, with the parts being 
connected to each other either before or after implantation or 
the complete prosthesis is made in a single process. In another 
embodiment of the present invention, a material promoting 
cell growth and providing good adhesion for cells is used for 
the root portions. Full Cure 720 may serve as an example of 
Such a material. This is an acrylic based photopolymer and 
distributed by Object Geometries Ltd., Hebron, Israel. This 
material can be processed by a rapid prototyping process 
named “objet Print”. Devices for this process are also distrib 
uted by Object Geometries Ltd. 
I0134. In another embodiment of the present invention, the 
prosthesis is made from stabilized tetragonal Zirconium oxide 
polycrystalline or another aluminum oxide or Zirconium 
oxide material known to those skilled in the art (in Coris ZI, 
in Coris AL, VITABLOCS, and CEREC Blocs distributed by 
and Ivoclar Vivadent and SIRONA). Alternatively, the pros 
thesis can be made of titanium or a titanium alloy and Surface 
coated with Zirconium oxide, for example, in Sputtering tech 
nologies (as offered by Clinical House Europe GmbH). 
I0135) In case of the osseointegration of a prosthesis 
according to an embodiment of the present invention dis 
closed herein, INFUSER Bone Graft (Medtronic Sofamor 
Danek) can be applied to stimulate bone formation. 
INFUSED Bone Graft consists of two parts—a solution con 
taining rhBMP-2 (recombinant human bone morphogenetic 
protein 2) and the ACS (absorbable collagen sponge). The 
protein is a genetically engineered version of a natural protein 
normally found in Small quantities in the body. The stimula 
tion of bone formation can be key to developing osseointe 
gration and to fill Voids in between the extraction socket and 
the actual prosthesis in an accelerated manner. Other growth 
aiding proteins like bone morphogenetic protein (BMP), den 
tin matrix protein (DMP), platelet-derived growth factor 
(PDGF) and/or other bone growth stimulating proteins may 
be applied or otherwise used additionally or instead in order 
to facilitate integration, healing, and rebuild of the bone struc 
ture of the patient. 
0.136. In yet another embodiment of the present invention, 
the prosthesis will not be osseointegrated, but adopted by the 
ligament of the extraction Socket. In this case the prosthesis 
can be coated, for example, with a material promoting peri 
odontal adoption. According to an exemplary embodiment of 
the present invention, a thin layer of about 0.05 mm to 0.2 mm 
of resin-modified glass-ionomer cement (FIG. 9, 9000) can 
be applied to the surface of the part of the workpiece being 



US 2013/0244208A1 

inserted into the extraction socket. FIG. 6 shows a segmented 
artificial tooth, the crown (10000) being made from a material 
having optimized esthetic and/or mechanical properties, and 
the root portion (10010) being coated with a substance (9000) 
promoting periodontal integration, for example, glass iono 
mer cement. FIG. 9 shows an artificial tooth (9030) made 
from a material suitable for crowns like ceramics, the root 
portion being coated with a Substance promoting periodontal 
integration. Other Substances promoting periodontal integra 
tion include, but are not limited to engineered tissue compris 
ing non-autologous tissue-engineered material and/or autolo 
gous tissue-engineered material, cells of a tooth comprising 
ancestral cells, animal cells, and/or human cells, a matrix 
protein derivative, a growth protein, a layer of cement, a glass 
ionomer cement comprising a calcium-alumino-silicate glass 
powder and an aqueous solution of an acrylic acid homo- or 
co-polymer, a layer of mineral trioxide aggregate, a light 
activated resin-modified glass ionomer cement, a calcium 
hydroxide cement, and/or a drug release coating or an antibi 
otic pharmaceutical, or various combinations thereof. 
0.137 Glass ionomer cement is composed of a calcium 
alumino-silicate glass powder and an aqueous solution of an 
acrylic acid homo- or co-polymer. It is a biocompatible mate 
rial widely used, for example, for tooth restorations and pro 
vides good adhesion to the ligament. Resin-modified glass 
ionomer cement can be light-cured. The light activates a 
catalyst in the cement that causes it to cure in seconds. After 
curing, the artificial tooth is implanted and integrated into the 
existing periodontal tissue formation of that lower left incisor 
of the patient and fixed substantially into the same position 
and inclination of the extracted tooth by being bonded with 
light curing resin Strips to the adjacent teeth. 
0138 Another option is coating the portion to be 
implanted with Ca(OH)2-cement. This is a well known sub 
stance in dentistry also used to fill root canals. After setting, 
EMDOGAIN (Institut Straumann AG, Basel, Switzerland), a 
Substance containing the enamel matrix protein Amelogenin, 
can be applied. Beneficially, EMDOGAIN is resorbed natu 
rally during the normal healing process, leaving only a resi 
due of enamel matrix protein on the coated Surface. This 
natural and insoluble Surface layer encourages the population 
of cementum-forming cells from the Surrounding tissues. 
Other proteins aiding the growth of dentin, bone or tissue 
structures like bone morphogenetic protein (BMP), dentin 
matrix protein (DMP), platelet-derived growth factor 
(PDGF) and/or or other tissue growth stimulating proteins 
may be applied or otherwise used additionally or instead in 
order to facilitate integration, healing, and rebuild of the 
periodontal ligament. The newly created Surface also func 
tions as an interface between the tooth and the Surrounding 
tissues, preventing down-growth of the epithelial tissues. 
Again, instead of coating, all the aforementioned substances 
can be applied by others means including, but not limited to, 
adjunction and injection. It may be advisable to prescribe 
antibiotic pharmaceuticals to reduce the infection risk during 
the healing process. In another embodiment of the present 
invention, the root portion(s) of the prosthesis are coated with 
a drug releasing Surface that releases the aforementioned 
proteins and anti-biotic and other inflammation reducing Sub 
stances or any combination thereof over time. The drug 
releasing Surfaces can be made, for example, of materials that 
can be completely resorbed and replaced by natural bone 
structure or soft tissue. Especially in the context of periodon 
tal integration, it might be advisable to utilize an absorbable 
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collagen membrane to separate the faster gum growth from 
the healing process of the periodontal ligament. 
0.139. In another embodiment of the present invention, an 
undersized customized root representation of a ceramic pros 
thesis is coated with a thin layer of mineral trioxide aggregate 
(ProRoot MTA, Dentsply) while potential socket irregulari 
ties are prepared with calcium Sulphate (Capset, Lifecore 
Biomedical) in order to promote the selective formation of 
new periodontal tissue (i.e., cementum, periodontal ligament, 
Sharpey's fibers and alveolar bone) and to build a barrier 
against an overgrowth by gingival tissue. The thickness of the 
coating layer should match the undersizing of the root shape 
and would preferably be chosen to be about 0.2 to 0.3 mm. It 
would furthermore be advantageous to insert the prosthesis 
into the Socket as soon as possible, but preferably no more 
than 24 hours after extraction (see respective reference re: 
Spouge, Oral Pathology, Mosby, Saint Louis, 1973 above). 
0140 Periodontal integration (see, e.g., FIG. 10) has the 
advantage that the anchoring of the prosthesis (200) is not stiff 
as with osseointegrated implants, but shows the elasticity of 
the natural tooth. The ligaments (1040) are providing support 
to the teeth in a viscoelastic manner. Furthermore, forces 
applied to the tooth, and thus to the ligaments, create tension 
which is actually the stimulus for bone growth. Another func 
tion of the periodontal ligaments is to serve as a method for 
sensation. To Support periodontal integration, the implanta 
tion of the prostheses should be performed shortly after 
extraction of the natural tooth, preferably not more than 24 
hours after extraction. The key to success is the preservation 
of cellular vitality in the periodontalligament and performing 
the extraction in a Surgical environment under conditions of 
asepsis. Further below, other embodiments of the present 
invention are disclosed providing instant replacement of the 
natural tooth. 

0.141. In another embodiment of the present invention, 
Suitable pre-determined generic root shapes can be selected 
and employed fabricating the portion of the implant to be 
osseointegrated or integrated into the periodontal ligament. A 
variety of generic shapes may be stored on a computer-read 
able media and accessed by the CAD/CAM system. 
0142. Another product that is helpful in adapting an 
implant into the extraction socket is Atrisorb (CollaGenex 
Pharmaceuticals, Inc., Newtown, Pa.). Atrisorb helps regrow 
healthy bone and Soft tissues and forms a barrier creating a 
space in which tissue can grow. Atrisorb is applied as gel and 
forms a barrier membrane when sprayed with sterile water. It 
maintains structural integrity for approximately six months. 
Complete bioabsorption, however, is achieved within nine to 
twelve months. 
0143. In order to assure that only the desired portions of 
the prosthesis are adopted by the periodontal tissue, other 
portions, like the surface intended to carry the crown later to 
be attached to the implant, may be covered with a substance 
preventing such adoption. Silver is, for example, a biocom 
patible material suitable for that purpose. The Fraunhofer 
Institute for Manufacturing Technology and Applied Materi 
als Research (IFAM) has developed a nano-composite plasma 
coating technology that can be used for applying a thin layer 
containing silver. 
0144. In yet another embodiment of the present invention, 
the crown of the extracted tooth or the tooth to be extracted is 
not only subject to 3D imaging, but additional color data are 
obtained. Depending on the scanning method, color data can 
already be contained in the scan data, or a separate imaging is 
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performed to record the color of the crown. It is possible to 
obtain a uniform overall color representing the average color 
of the crown, or alternatively different shadings for different 
portions of the crown can be recorded. Based on the color 
data, the color of the crown can be adapted to the color of the 
original tooth. The lab technician manufacturing an artificial 
crown can, for example, be provided with the color data and 
select the most appropriate color for the prosthesis. If a com 
plete prosthesis is manufactured using CAM methods, a 
material best fitting the original color can be used, or a coating 
can be selected that matches the original color. 
0145. In another embodiment of the present invention, no 
fixture is used to manufacture the second portion of the arti 
ficial tooth. Instead, dedicated features elements will be 
added to the shape of the root, such as Small holes or posts 
Sticking out, allowing for precise positioning of the artificial 
tooth for the second step, which includes manufacturing the 
crown portion. These dedicated features will be removed or 
closed after the complete tooth has been fabricated. 
0146 In yet another embodiment of the present invention, 
a rapid prototyping process is used for fabricating the dental 
prosthesis from hybrid materials. The rapid prototyping pro 
cess may build the prosthesis layer-by-layer. For example, a 
powdery layer of a substance can be applied on top a work 
piece, and then portions of the new layer are hardened by a 
controlled laser beam, while the other unhardened portions 
are later be removed. In this manner, different substances 
having different properties (stiffness, hardness, biological 
properties etc.) can be applied and therefore different portions 
of the workpiece be made from different materials. In an 
embodiment of the present invention, the crown is made from 
a material different from the one used for the crown. In yet 
another embodiment of the present invention, the portions 
representing dentine are made from a material different from 
the one used for the portions representing enamel. 
0147 In another embodiment of the present invention, the 
three-dimensional data used to fabricate the dental prosthesis 
is not acquired from an extracted tooth, but obtained intra 
orally, the tooth to be replaced still in place. The advantage of 
this embodiment is that the complete digital preparation and 
also the manufacturing steps of the artificial replacement can 
be performed prior to the extraction. That is, according to 
Such embodiment, only when the artificial tooth or segment to 
be implanted is ready for insertion, is the original tooth 
extracted. Immediately after extraction, the artificial tooth 
can be implanted. This contributes to a better healing of the 
trauma. 

0148 FIG. 3 outlines the process steps according to an 
exemplary embodiment of the present invention. A CT scan 
(steps C, Q) is made of the dentition of the patient. The 
resulting 3D data (D) is imported into CAD software and 
displayed to the operator (step E). The shape is modified and 
optimized as needed (step F). The resulting 3D data is con 
verted into IGES format and exported (step H) to a CAM 
system for fabricating the prosthesis (step I). The process may 
include coating the finished prosthesis (step J) with a Sub 
stance promoting bone ingrowth (step K). Only after the 
prosthesis is ready for insertion, is the natural tooth extracted 
(step G), and the implant is placed into the extraction socket 
(step L). It should be noted that although FIG.3 contemplates 
possibly interaction with an operator, one skilled in the art 
would readily appreciate that this functionality may be fully 
automated. 
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0149 A NewTom 3G-MF12 Cone Beam CT (NewTom 
Deutschland AG. Marburg, Germany) can be used to acquire 
the imaging data. The accuracy of the measurement data will 
be better than 0.2 mm, and therefore, highly sufficient for the 
process. A spline CT with a small envelope dedicated to 
dentistry like the Morita can deliver 3D data with even better 
resolution. 
0150. The in-vivo structures represented by CT raw data 
(for example, in DICOM format) can be analyzed by voxel 
based software platforms (IVS Solutions AG: Germany) 
where 3D objects are separated to be distinguished from 
'grey Scale' data. In another embodiment, adaptable algo 
rithms can be used to analyze the dental structures of interest. 
Such adaptable algorithms can use known data of generic 
shapes, for example, to drive the adoption of "grey Scale 
filters. 

0151. Further, methods for intra-oral imaging include, but 
are not limited to CT, CBCT, MRT, ultrasound, active trian 
gulation, passive triangulation, confocal scanning, and Time 
of Flight (TOF). The anatomical structures obtained by intra 
oral imaging include, but are not limited to, periodontal struc 
ture, the alveolus, and the jaw bone of the patient. 
0152. Using intra-oral 3D imaging, it is even possible to 
perform a scan of a patient long in advance of treatment and 
to file the personal imaging data of the dentition of the patient. 
In case of an injury or accident where teeth get lost or dam 
aged or are not available for a scan for any other reason, a 
fabrication of individual prostheses can be initiated immedi 
ately, using the previously collected imaging data. 
0153. Instead of 3D imaging and digitally processing 
imaging data, copy milling or copy grinding from the original 
tooth or parts or the tooth, can be performed. The root can also 
be shaped according to an impression made directly from the 
alveolus of the extracted teeth as shown in FIG. 14, using a 
specialized material or using standard impression materials 
separated from the Surface (periodontal ligament or bone) of 
the alveolus (500) by a very thin film of plastic or another 
material Suitable for the purpose. Alternatively, an impression 
can be taken from the extracted tooth. Laboratory methods for 
fabricating dental prostheses based on impressions, are 
readily available. These methods are mostly employed using 
casting processes or light curing or chemical curing processes 
where monomer components are polymerized to molecular 
networks. Further, methods of fabricating a substantial copy 
of the original tooth include, but are not limited to, depositing, 
sintering, 3D printing, molding, curing, grinding and milling. 
The ongoing progresses made in rapid prototyping, that is 
fabricating individual parts directly based on digital data, can 
strongly contribute to advancing various embodiments of the 
present invention. 
0154) In some cases, the shape of the original roots can 
present difficulties with the insertion of the artificial replace 
ment. In such cases, a proper modification and optimization 
of the shape of the artificial root according to FIG. 23, is 
applicable. In other cases, the root of the natural tooth may be 
Suffering from partial root loss due to root resorption or a 
Surgical procedure. In these cases, the root of the replacement 
can be adapted to the extraction socket as demonstrated in 
FIG. 24. For example, the customized portion can include a 
substantial copy of at least 60% of the root shape of the 
natural tooth while the other portion of the artificial root can 
be modified as described herein. In other cases, the size of the 
Socket may have been reduced over time due to root resorp 
tion as displayed in FIG. 25. The size reduction has occurred 
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in areas (17000). In such cases, it is advantageous to enhance 
anchoring by Surgically enlarging the Socket and to adapt the 
root of the artificial tooth to the enlarged socket. SolidWorks 
is a suitable CAD software which can be utilized to alter the 
shape of the implant with respect to the original imaging data. 
0155 There are more reasons to modify the shape of the 
implant with respect to the original root. To ease insertion into 
the extraction Socket, the shape of the implant may be slightly 
undersized as shown in FIG. 22. MAGICS provides a func 
tionality allowing for a simple reduction of the overall size of 
a body. On the contrary, an oversized artificial root may be 
desirable in order to receive a very tight mechanical fit in the 
extraction Socket to promote osseointegration as displayed in 
FIG. 17. This can also easily beachieved with MAGICS. This 
software has a couple of helpful features that have originally 
been developed to optimize plastic parts for injection mold 
ing, but turn out to be useful also for the processes of various 
embodiments of the present invention. 
0156. In yet another embodiment of the present invention, 
original portions of the natural tooth will be integrated into 
the implant. Especially portions of the root still being covered 
with cement will greatly improve adoption into the ligaments 
of the extraction Socket. On order to integrate those natural 
portions, they will be cleaned and prepared for imaging as 
described further above. The resulting 3D imaging data can 
be imported into MAGICS and processed like the data of a 
complete tooth. The three-dimensional virtual body can then 
be placed at the proper location with respect to the virtual 
body representing the shape of the implant to be produced. 
Using Boolean functions of MAGICS, the body representing 
the natural portion(s) of the tooth can be subtracted from the 
body representing the implant, thus creating a cavity in the 
implant having the exact size and shape of the natural portion 
(s) of the tooth to be integrated into the implant. After the 
implant has been fabricated and processed, the natural por 
tions of the tooth are cemented into the implant. 
0157. In yet another embodiment of the present invention, 
firm anchoring of the implant is achieved by expanding the 
portion being located in the extraction socket in order to 
Support Osseointegration and improve physical stability after 
the implantation. By expanding the implanted portion, forces 
are applied to the alveolus or bone. In this embodiment of the 
present invention, the artificial root is shaped to form an 
expansion anchor. Expansion can be achieved by either using 
a material changing its shape due to temperature changes 
after insertion like SMA (shape memory alloy) or by using a 
material like shape memory polymers activated by electro 
magnetic radiation. Expansion can also be achieved mechani 
cally by placing a dowel inside the artificial root. This is 
demonstrated in FIGS. 13 and 15. The root portion of the 
implant is slotted, thus forming posts or wings (12000) and 
made from a material providing sufficient elasticity in con 
junction with the slots. When screw (12020) is inserted into 
dowel (12010), the posts are pressed against the walls of the 
extraction socket. The crown (12030) is attached to the 
implant after insertion, using standard procedures known in 
prior art. FIG. 16 displays such an implant located in an 
extraction socket where voids have been filled with a sub 
stance (13000) promoting bone growth like Bioplant or 
CERASORB. In FIG. 35, another embodiment is displayed. 
No dowel is used, but instead the thread is conical. When 
screw (12020) is inserted into the conical thread, the wings 
(12000) are accordingly expanded and pressed firmly against 
the extraction socket, as demonstrated in FIG. 36. Alterna 
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tively, the initial pressure Supporting the fast integration into 
the bone may be performed by, for example, three oversized 
Small grooves positioned on the outer Surface parallel to the 
londigitudinal axis of the root causing pressure when the 
artificial root is inserted. 

0158 To achieve a long living prosthesis the size and the 
shape of the root and the Socket needs to be appropriate to 
enable Solid anchorage in the bone. If, for example, a root is 
too small to absorb the normal chewing forces, it may be 
necessary to expand the size of the Socket before designing 
and manufacturing the customized root. Other patients may 
not have enough bone material, so that the thickness of the 
bone gingivally and labially is not sufficient for the anchorage 
of an implant. In Such a case, the root may be shaped like a 
clamp so that the corticalis is used for the anchorage. This 
approach is known as “juxtaosseous' method (the implant 
adapts to the bone and not the bone to the implant). If an 
appropriate material like titanium in combination with bio 
logical ossifying Substance is used, the bone adapts to the 
implant and so the implant becomes an osseointegrated 
implant. For abutments, this is already successfully being 
used by the San Babila Day Hospital in Italy. Even more 
Solidity can be achieved by a "multi-legged' root shape com 
bining an artificial root and clamp shaped outer part for the 
adaptation to the corticalis. This approach significantly 
increases the stability of the anchorage because no hollow or 
less stabile areas remain in the bone. If crown and root are 
manufactured as one unitary part, the crown can be coated 
with an enamel-colored layer or multiple layers for aesthetic 
reasons. Such layer(s) can be, for example, translucent to 
certain extent. During the healing process, appropriate mea 
Sures need to be put in place to avoid early exposure of the 
implant to forces (bite bumpers, partials positioners, etc.). 
0159. The various embodiments of the present invention 
are not limited to the replacement of a single tooth. It is 
possible to manufacture dental bridges, the lateral teeth hav 
ing root features that can readily be implanted into an existing 
socket. Conventional dental bridges (15000) as displayed in 
FIG. 20, for example, are cemented onto natural teeth with the 
crown being grinded down (15020) or onto conventional 
implants (600). According to this embodiment of the present 
invention, the natural sockets (6000) can be used as shown in 
FIG. 21 for attaching the bridge (16000), the adjacent teeth 
(100) staying healthy and complete. It is also possible to 
fabricate a partial prosthesis to be implanted into the natural 
socket, with the prosthesis being the anchor for a later install 
ment of a dental bridge. This embodiment is especially useful 
in cases where one of the two lateral supports of the bridge is 
already present, and the bridge, therefore, needs to be 
cemented. 

0160 Due to the ability of the suggested manufacturing 
processes, various embodiments of the present invention 
allow the fabrication of prostheses representing crowns, 
roots, bridges, segments or any combination thereof, and also 
the entirety of a dentition. 
0.161. In another embodiment of the present invention, 
off-the-shelf abutments can be integrated into the artificial 
root using the intended connection method recommended by 
the manufacturer, such as, for example, screwing them into 
the artificial root with or without drilling a hole, clicking them 
onto a counter shape, or others. 
0162. In yet another embodiment of the present invention, 
the components will be molded directly into the artificial root. 
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0163. In yet another embodiment of the present invention, 
the artificial root can comprise a feature on its occlusal-facing 
Surface shaped in a way that it allows for assembly of a 
conventional veneer or a pre-manufactured Veneer or crown 
to the root. The occlusal-facing Surface can also be shaped to 
provide an interlocking connection to the crown as shown in 
FIG. 12. The occlusal surface can also have all kinds of 
connecting features (11000) symbolized in FIG. 11 to allow 
for attachment of a crown (12050). 
0164. In yet another embodiment as shown, for example, 
in FIG. 18, the extraction socket can be filled with a bone 
promoting substance (9040), and a connection element 
(11000) for the root is embedded into the bone promoting 
substance. FIG. 19 shows the artificial crown attached to the 
connection element of FIG. 18 after the bone promoting 
substance has been replaced by newly grown bone (9090). 
0.165. In another embodiment of the present invention, the 
time needed for the adoption into the periodontal ligament 
can be reduced and/or the strength and/or the life-time of the 
connection to the surface of the artificial root can be opti 
mized by increasing the Surface by Sandblasting, adding a 
mesh or other Suitable means, and/or pharmaceutics or other 
Substances Supporting the integration of the chosen material 
of the artificial root into the periodontal ligament like the 
protein amelogenin. These pharmaceutics can be applied by 
all conventional or state-of-the-art methods like dry or liquids 
suspensions to be painted onto the artificial roots before inte 
gration, or by injection with a hypodermic needle or intra 
orally through pills. Also ancestral cells can be used to Sup 
port the rebuilding of the periodontal ligament. Membrane 
techniques may also be used to protect the area dedicated to 
the relatively slow growing periodontal ligaments from the 
fast growing gingival epithelium. 
0166 In another embodiment of the present invention, 
decreasing the time needed for the osseointegration and/or to 
increasing the strength and/or the life-time of the connection 
to the surface of the artificial root can be achieved by increas 
ing the Surface by sandblasting, adding a mesh or other Suit 
able means, and/or pharmaceutics Supporting the integration 
of the chosen material of the artificial root into the bone. 
These pharmaceutics can be applied by conventional or state 
of-the-art methods like dry or liquid Suspensions to be painted 
onto the artificial roots before integration, or by injection with 
a hypodermic needle or intra-orally through pill and/or ray 
treatment. 

0167. In another embodiment of the present invention, the 
shape of the artificial root may not completely reflect the 
shape of the root to be replaced. In order to strengthen the 
connection with the periodontal ligament or the bone, the 
shape can be modified. If, for example, the three roots of a 
molar are located very close to each other, the three roots can 
be replaced by only one root which will comprise parts of the 
original shape of the three original roots. There is a great deal 
of software readily available on the market that allows for 
easy and intuitive modification of 3D shapes. Both previously 
mentioned programs MAGICS and SolidWorks are suitable 
for this task. 

0.168. In another embodiment of the present invention, the 
closure of remaining gaps between the artificial root and the 
Socket used for implantation can be accelerated by Suitable 
pharmaceutics and/or ray treatment. 
0169. In yet another embodiment of the present invention, 
the prosthesis is an assembly of one or more parts where the 
interfaces between such parts are sealed in order to provide a 
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barrier against bacteria infiltration. The sealing can include, 
for example, a labyrinth feature. 
0170 In another embodiment of the present invention, the 
root portion of the prosthesis is an assembly that is configured 
to extend one or more barbed hooks, which in an embodiment 
of the present invention, are each connected to the root body 
with a hinge and activated by a leave spring. 
0171 Conventional two-piece implants such as, for 
example, those shown in FIG. 37, consist of an implant (600) 
to be osseointegrated that includes an abutment portion and 
an artificial crown (12030). Conventional three-piece 
implants as shown FIG.38 consist of an implant (600) to be 
osseointegrated, an abutment (19000) and an artificial crown 
(12030). In either configuration these conventional implants 
(600) and the abutment (19000) are mass produced and have 
a generic shape. The artificial crown (12030) will be made in 
a dental laboratory based on impressions of the embedding 
dental situation which includes the abutment portion of the 
implant after integration into the dental anatomy of the 
patient. In other words, the crown will be made based on the 
geometrical relation between the implant and the abutment 
(portion) after placement. 
0172. In contrast, the prosthesis according to an embodi 
ment of the present invention is manufactured in all its parts or 
as a single piece in its entirety before being integrated into the 
dental anatomy of the patient of interest. FIG. 39, for 
example, shows a tooth-shaped one-piece prosthesis having 
an integrated root portion and an integrated crown portion 
(200). The prosthesis (200) can be shaped with or without a 
custom shaped torus (20000) that circumvents the prosthesis 
in a height of for example, 0.5 mm below the line of gingiva 
(1030). The torus (20000) builds a barrier against in-growth 
of the gingival tissue. In case the prosthesis (200) is config 
ured for osseointegration, the cavity in the bone (1060) is 
virtually sealed, and osseointegration will take place without 
being disturbed by isolating lobes of gingival tissue growing 
between the prosthesis and the cavity. In case the prosthesis 
(200) is configured for periodontal integration, the gap 
between the prosthesis and the extraction socket is sealed 
against fast growth of gingival tissue, so that the integration 
into the periodontal ligament structures, having a reduced 
growth rate in comparison, is protected. 
0173. In yet another embodiment of the present invention, 
the prosthesis is an assembly of two or more parts, as shown, 
for example, in FIGS.5, 6, 8, 11, 12, 13, 15, 16, 18, 19, 31,34, 
35, 36, and 45. The parts are, for example, glued, sintered, 
mounted by pressure, and/or screwed to each other, and the 
interface between connecting parts needs to be sealed against 
bacteria infiltration. Special sealing concepts like O-ring seal 
ing and labyrinth sealing may apply. 
0.174. In another embodiment of the present invention as 
shown in FIG. 40, the prosthesis (400) has a sealing feature 
(21000), which is circumventing or partially placed between 
the crown portion and the root portion of the prosthesis (400). 
The sealing feature (21000) is either simply an indent or a 
labyrinth feature that builds the interface between the mate 
rial of the prosthesis and the gingiva (1030). The respective 
interface seals the structure between the prosthesis and the 
extraction Socket against bacteria infiltration in order to gain 
long-term stability and to avoid pockets. 
0.175. In another embodiment of the present invention, the 
crown portion of the prosthesis is fabricated in an undersized 
shape compared to the final shape of the crown. Single or 
multiple layers of translucent ceramics are added in a labo 
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ratory process to gain esthetic performance compared to the 
appearance of a natural tooth. FIG. 41, for example, is a single 
tooth prosthesis having an undersized crown shape (200) and 
a build-up of several ceramic layers (22000). It is also pos 
sible to use other esthetic materials having one or more than 
one layer. In another embodiment of the present invention, the 
build-up (22000) is, for example, made of elastic materials 
(like an elastic cover) in order to soften early contacts and 
fostering this way the healing process after integrating the 
prosthesis. 
0176). In yet another embodiment, the prosthesis is at least 
partially made of one of the following: titanium, titanium 
alloy that consists of more than about 60% of titanium, 
cement, Zirconium oxide, ceramics, synthetics, elastics, plas 
tics, stainless steel, glasiomer cement, resin-ionomer cement, 
hybrid-ionomer cement, resin-enforced cement, and acrylic 
based photopolymer, or any combination thereof. In a further 
improvement the prosthesis includes a drug releasing Surface, 
releasing over time medical Substances. Such substances 
include, for example, one of the following: Antibiotic or other 
infection Suppressing pharmaceuticals, growth promoting 
Substances (for example, ancestral cells, proteins, and cell 
parts of a human or animal tooth) or any combination thereof. 
FIG. 42 is, for example, a single-tooth prosthesis (200) hav 
ing a drug releasing Surface (23000) covering at least a por 
tion of the root part of the prosthesis (200). 
0177. In yet another embodiment, a prosthesis is fabri 
cated based on imaging data of the patient’s dental anatomy, 
which includes three-dimensional representations of one 
tooth or two or more teeth. Each tooth includes a crown 
portion and root portion. The imaging data can be made either 
prior to or after extraction of the tooth or teeth to be replaced. 
The imaging data can include in-vivo data or data made 
in-vitro from one tooth or two or more teeth after extraction. 
Other imaging data are derived from physical impressions 
made of a dental anatomy. Dental anatomy includes the 
occlusion, the articulation, and the geometrical (spatial) rela 
tionship between the teeth within one arch or between upper 
and lower arch of a patient, or parts thereof. The dental 
anatomy also includes the structures holding the tooth/teeth 
which include Soft tissue structures and bone structures and 
any combination thereof. Imaging data can include two 
dimensional representations such as, for example, X-ray 
films, facial photos, etc., or three-dimensional representa 
tions such as, for example, CT or MRT data and the like. The 
imaging data can be any portion of the aforementioned data 
and/or any combination thereof. All these imaging data can be 
merged, overlaid and combined to derive shape data of a 
design of the prosthesis. 
0178. In another embodiment of the present invention 
shown, for example, in FIG. 43, a single-tooth prosthesis 
(400), having a manufactured crown portion and a manufac 
tured root portion is provided. The shape of each is derived, 
for example, from in-vivo imaging data prior to the extraction 
of the tooth to be replaced. By extraction of the natural, e.g., 
nonfunctional tooth to be replaced, the extraction void (900) 
was created. The adjacent teeth, e.g., mesial and distal of the 
extraction socket, are healthy natural teeth (300). The extrac 
tion was indicated, for example, due to a serious porosity of 
the root of the extracted tooth. The extraction socket was 
partially curetted by the doctor of record, removing damaged 
soft tissue. Antibiotic tablets are given orally to the patient in 
advance to Suppress the inflammation and to avoid additional 
infection as a result of the clinical trauma of removing the 
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tooth. The crown and the root shape are derived from the 
imaging data. In addition, the crown shape of the adjacent 
teeth (300) and a desired position and inclination of the pros 
thesis are derived from the imaging data. Based on all this 
data a custom-shaped splint (24000) is designed and fabri 
cated. The splint is used to position and orient the prosthesis 
(400) in the dental structure (1030) building the extraction 
void in geometrical relation to the adjacent teeth (300). Being 
held in the desired position and orientation, the custom 
shaped splint (24000) is glued with adhesive means to the 
prosthesis (400) and the adjacent teeth (300). For example, 
light curing adhesives can be used in that context. Finally, the 
prosthesis (4009 is fixated in its desired position and the 
crown portion is thereby integrated into the occlusion and 
articulation of the patients dental anatomy. Slight corrections 
performed by the doctor of record with a high-speed rotating 
instrument may be necessary to optimize the occlusal contact 
points. The prosthesis can be immediately loaded by the 
patient for the day-to-day use of mastication. That is, accord 
ing to this embodiment of the present invention, the custom 
splint glued to the prosthesis and adjacent teethor other dental 
structures beneficially provides the primary stability while 
either the periodontal integration or the osseointegration 
takes place. 
0179. In the context of the aforementioned custom splint, 
FIG. 44 shows, for example, the process steps of fabricating 
Such a dental prosthesis and Such a splint according to an 
example of the embodiment of the present invention. A partial 
silicone impression is taken from the mouth of the patient 
representing the dental (occlusal) crown anatomy in the 
neighborhood where a prosthesis will be integrated (step S). 
The impression is scanned and three-dimensional STL data of 
the shape are derived representing the crown geometry of the 
tooth to be extracted, the crown geometry of the adjacent 
teeth, and the geometrical relation between those crown data 
(step T). Additionally, the patient's dental anatomy is imaged 
with a computed tomography device (step C). Computed 
tomography (CT) is a medical imaging method employing 
tomography where digital geometry processing is used to 
generate a three-dimensional image of the internals of an 
object from a large series of two-dimensional X-ray images 
taken around a single axis of rotation. The layered grey scale 
X-ray data in digitized format are computer analyzed, and 
voxel as well as three-dimensional STL data are derived 
representing the dental anatomy of the patient (step Q). All 
aforementioned STL data are scaled, merged and/or com 
bined to generate an accurate three-dimensional shape data 
from tooth to be replaced and the adjacent dental anatomy 
(step E). Boolean algorithms are used to generate combined 
data of high-quality. A first design of the prosthesis, its posi 
tion and orientation within the adjacent dental anatomy espe 
cially in relation to the crown portions of the adjacent teeth 
and a second design of a custom shaped splint that includes 
shape portions of the crown of the prosthesis and of the 
crowns of the adjacent teeth, are derived. The first and the 
second design may be modified and optimized (step F). This 
can be done automatically or interactively by having a tech 
nician operating the respective computer equipment. Com 
puter numerical control data (CNC), for example, in IGES 
format for computer aided manufacturing (CAD) devices are 
derived from the final three-dimensional design data (step H). 
Usually, rapid prototyping equipment has the aforementioned 
step already integrated into its functionality. The prosthesis is 
then fabricated in response to the IGES data, for example, by 
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a CAM high-speed milling/grinding machine (step I and J). 
Additionally, the rapid prototyping machine Such as, for 
example, a layer-by-layer wax printing machine, fabricates a 
there-dimensional wax representation (sample) from the 
three-dimensional design data (step U). The sample is pre 
pared and embedded for lost wax investment casting; the wax 
sample is burned out and the investment mould is filled with 
liquid precious metal (e.g., dental gold alloy; step V). After 
cooling down to room temperature, the embedding material is 
removed, the runner is cut-off and the splint is polished and 
surface prepped for bonding (step W). It should be noted that 
although FIG. 44 contemplates interaction with an operator, 
one skilled in the art would readily appreciate that certain 
steps are combined, further differentiated, and that this func 
tionality may be partially or fully automated. 
0180. In yet another embodiment of the present invention, 
the dental prosthesis is segmented and Such segments are 
fabricated using different manufacturing technologies. FIG. 
45 shows the process steps of receiving design data of a 
prosthesis in STL format (step E), separating portions in a 
computer aided design (CAD) process (step X and Y), deriv 
ing computer numerical control (CNC) data and fabricating 
the respective portions (step Z and AA) in response to the 
CNC data using computer aided manufacturing (CAM) 
machinery, for example, high-speed milling/grinding 
machines (step I). The separated portions are combined to 
build the prosthesis (step BB). 
0181. A specific implementation of the processes of FIG. 
45 is described hereinafter. A first segmented design portion, 
for example, the crown portion of the prosthesis (step X) is 
not fabricated directly. Rather, an inverse shape such as, for 
example, the negative representation of the crown shape, is 
cut (step I) to build a separate work piece, for example, a 
mould (step Z). The second segmented design portion (step 
Y), for example, the root portion of the prosthesis, is cut as a 
positive representation is cut from a workpiece, for example, 
consisting of Zirconium oxide (step I) to build a portion of the 
prosthesis itself (step AA). The positive part of the prosthesis 
(e.g., the root portion) is then combined with the negative 
representation (e.g., the mould carrying the inverse crown 
shape) to fabricate the missing portion of the prosthesis 
according to the first segmented design portion (step BB). In 
a more particular implementation, for example, the mould 
“Z” is made of a transparent material (acryl glass, polym 
ethyl-methacrylate), prepared with a separating layer (sili 
cone spray), filled with nano-composite usually used for 
crown restorations (BISICO, Germany), the root portion 
'AA' is placed in the designed position and inclination to 
conform to the overall design of the prosthesis, and the com 
posite is cured in a UV-light chamber widely used in dental 
laboratories (step BB). 
0182. In another embodiment of the present invention, the 
custom splint is fabricated in an indirect method, for example, 
by lost-wax investment casting. FIG. 46 shows the process 
steps of fabricating the custom splint from design data, and 
fabricating a model of the splint by rapid prototyping, build 
ing a mould around the splint, burning out the model and 
casting the splint by investment casting. As shown in FIG. 46. 
the process starts with receiving the 3D design data of a 
custom splint (step CC). The sample part of the custom splint 
is then fabricated using stereo-lithography conforming to the 
design data (step DD). The sample partis embedded (step EE) 
in, for example, a gypsum-bound investment material, e.g., 
Cera Fina. Whip Mix, U.S.A. The investment mould is heated 
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and the material of the sample part is burnt out (step FF). The 
mould is then filled by vacuum or centrifugal casting with 
liquid precious alloy, for example, Argenco 42 Type IV extra 
hard, The Argon Corporation, U.S.A. (step GG), and the 
embedding mass is removed (step HH). The casting runner is 
cut from the custom splint (step II), and the custom split is 
polished and prepared for bonding (step JJ). It should be 
noted that while FIG. 44 contemplates possible interaction 
with an operator, one skilled in the art would readily appre 
ciate that certain steps can be combined, or further differen 
tiated, and that this functionality may be partially or fully 
automated. Alternatively, to the precious metal the investment 
casting can be done with stainless steel or other Suitable 
non-precious dental alloy known to those skilled in the art. 
0183 In yet another embodiment of the present invention, 
the custom splint is perforated or prepared with retention 
features on the bonding surface (like a mesh) for better light 
curing capabilities and better bonding strength. 
0184. In another embodiment of the present invention, the 
clinical process of integrating the prosthesis is performed as 
shown in FIG. 47. The process begins by preparing the extrac 
tion Socket for insertion, which may include rinsing (step KK) 
micro-etching (sandblasting) and/or etching the bonding the 
Surface of prosthesis using, e.g., phosphoric acid (step LL), 
micro-etching (sandblasting) and/or etching the bonding Sur 
face of the adjacent teeth or other dental structures (step 
MM). Once the extraction socket is prepared the prosthesis is 
inserted (step NN), the process includes applying light curing 
adhesive to all bonding surfaces (step OO). The prosthesis is 
then positioned and oriented in the desired geometrical rela 
tion to the adjacent teeth or other dental anatomy of interest 
using the custom splint as a positioning aid or guide (step PP). 
The prosthesis and the splint are held firmly in position while 
the adhesive is light cured with a dental UV-light curing 
device (step QQ) in order to fixate the prosthesis in its desired 
position. Excess adhesive is removed (step RR), and a final 
check and adjustment (if necessary) of the occlusion and 
articulation of the patient in respect to the contact situation of 
the prosthesis to the teeth or other dental structures of the 
opponent arch, is performed (step SS). 
0185. The immediate implantation of a manufactured 
prosthesis designed and fabricated based on in-vivo imaging 
data (i.e., obtained prior to the extraction of one or more 
tooth/teeth of interest) performed directly after extraction 
may be challenged by non-healthy developments of bone or 
soft tissue in the extraction cavity. FIG. 48 shows the process 
steps of clinically preparing an extraction socket by removing 
decayed soft tissue (26000) and/or decayed bone (25000) 
with a laser technology based device (27000). The high water 
content of decayed structures is more absorbent for the laser 
light energy than healthy structures so that the decayed areas 
can be easily removed without serious collateral damage of 
adjacent healthy structures of the dental anatomy. The healing 
process is this way combined with the integration process of 
the prosthesis. Negative side effects of bone resorption are 
reduced by the immediate integration of a dental prosthesis 
according to any embodiment of this invention. The immedi 
ate implementation can be combined with both the dental 
prosthesis configured for Osseointegration and the dental 
prosthesis configured for periodontal integration. 
0186. In yet another embodiment of the present invention, 
the healing and integration of a prosthesis is facilitated after 
insertion by using ultrasonic or other vibrations applied to the 
prosthesis by special dental devices. 
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0187 Beneficially, the integration of the prosthesis 
described herein can be facilitated and actually accelerated by 
techniques of Surface coating based on tissue engineering. 
FIG. 49 shows the process steps of taking autologous soft 
tissue cells from the patient (step TT), culturing such soft 
tissue cells in an in-vitro assay system (step UU), and apply 
ing Such cells with or without other tissue engineering mate 
rials to the root portion of the prosthesis (step VV). FIG. 50 
shows the process steps of taking autologous bone cells from 
the patient (step TT), culturing such soft bone cells in an 
in-vitro assay system (step XX), and applying Such cells with 
or with out other tissue engineering materials to the root 
portion of the prosthesis (step VV). In both aforementioned 
scenarios, the Soft-tissue or bone structures are taken with a 
sharp instrument, for example, an exenteration scoop like a 
Chalazion curette. Other exenteration techniques may apply. 
0188 In another embodiment of the present invention, 
human periodontal ligament (HPDL) fibroblasts are used and 
a prosthesis, according to other embodiments of the present 
invention, is placed in tissue culture clusters, whereby an 
amount of 1 ml of HPDL fibroblast cell suspension is placed 
over the root portion of the prosthesis and then placed into an 
incubator at 37° C. and 100% humidity for 72 hours. With 
that, the cells of HPDL fibroblast are extending and attaching 
firmly to the prosthesis Surface by cytoplasmic extension of 
the lamellipodia and microVilli to extend into porous (micro) 
Surface structures. 
0189 In yet another embodiment of the present invention, 
stem cells can be used to produce HPDL fibroblast or other 
acellular and cellular structures of the human dental anatomy 
Such as, for example, acellular and cellular cementum, which 
is mineralized tissue covering the root dentin that serves to 
anchor periodontal ligament fibers, and/or cementoblast, 
which are cells found on the Surface of cementum being 
responsible for its synthesis. 
0190. Alternatively, to the aforementioned use of autolo 
gous material, human allogenic bone, root or tissue Sub 
stances can be used. Alternatively, to the use of human bio 
material tooth, animal-derived bone or tissue material, for 
example, bovine cells or even synthetic materials, can be used 
for in the various process steps of tissue engineering. 
0191 In yet another embodiment of the present invention, 
the tissue engineering techniques include the coating of the 
root portion(s) of the prosthesis with collagen incorporating 
growth factor Substance, for example, platelet-derived growth 
factor (PDGF). 
0.192 The aforementioned tissue engineering technolo 
gies may employ in the aforementioned context, for example, 
living cells of various kinds such as engineering materials, 
autologous cells, which are obtained from the same indi 
vidual to which they will be reimplanted, mouse embryonic 
stem cells, allogenic cells, which come from the body of a 
donor of the same species, Xenogenic cells, which are isolated 
from individuals of another species, Syngeneic or isogenic 
cells, which are isolated from genetically identical organ 
isms. Such as twins, clones, or highly inbred research animal 
models, primary cells from an organism, secondary cells are 
a cell bank, and stem cells. In this context, tissue engineering 
shall also include the use of artificial structures capable of 
Supporting three-dimensional tissue formation, called scaf 
folds, of various natural and synthetic, biodegradable and 
permanent materials, for example, collagen and aliphatic 
polyesters, on which cells are generally implanted or 
“seeded into to allow cell attachment and migration, to 
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deliver and retain cells and biochemical factors, to enable 
diffusion of vital cell nutrients and expressed products, or to 
exert certain mechanical and biological influences to modify 
the behavior of the cell phase, or any combination thereof. 
0193 Several figures and several process steps described 
therein show a prosthesis or parts thereof configured, for 
example, as a single tooth prosthesis and being manufactured 
and shaped from all sides (see, e.g., FIG. 100 part 2, FIG. 3 
step J, FIG. 4 step J, FIG.5 step J, FIGS. 6,7,8,9, 10, 11, 12, 
FIGS. 13/15/16 part 12030 and part 12000, FIG. 17 part 900, 
FIG. 18 part 9040, FIG. 19 part 9090 and part 12050, FIG. 21 
part 16000, FIG. 22, FIG. 31, FIG. 34, FIGS. 35/36 part 
12030 and part 12000, FIG. 39 part 200, FIG. 40 part 400, 
FIG. 41 part 200 and part 200 including 22000, FIG. 42 part 
200 and part 200 including 23000, FIG. 43 part 400 and part 
24000, FIG.44 step J and step U, FIG.45 step I, Zand step M, 
FIG. step DD). FIG. 51 outlines exemplary process steps. 
After a design of Such prosthesis is obtained and computer 
numerical control (CNC) data are derived and converted, for 
example, into the IGES format and transferred to a CAM 
system for fabricating the prosthesis (step I). The prosthesis is 
then shaped, for example, in regards to its root portion by 
milling one side of the workpiece with the result shown in step 
YY. The side of the workpiece being already shaped will be 
temporarily embedded in adhesive materials (step ZZ) turned 
(step ZZ) and fed, positioned, orientated and clamped again 
into the CAM system (step I) to be shaped, for example, in 
regards to its crown portion by milling the opponent side to 
the aforementioned one side with the result as shown in step 
AAA. After dissolving or otherwise removing the adhesive 
(shown in step ZZ and AAA) the workpiece, e.g., having been 
shaped on all sides, is ready for use or for the following 
process steps of Surface of polishing, Surface coating by, for 
example, plasma technologies and tissue engineering. Drug 
releasing Surfaces can be applied or porous Surfaces may be 
loaded with growth hormones, proteins, antibiotic or other 
substances. It should be noted that although FIG. 51 contem 
plates interaction with an operator, one skilled in the art 
would readily appreciate that this functionality may be fully 
automated. 
0194 Note, it should be understood that one of ordinary 
skill in the art should understand that the various aspects of 
the present invention, as explained above, can readily be 
combined with each other. 
(0195 The meaning of “CAD shall include, but shall not 
be limited to, any and all technology of computer aided 
design. 
(0196. The meaning of “CAM” shall include, but shall not 
be limited to, any and all technology of computer aided manu 
facturing. 
(0197) The meaning of “CNC shall include, but shall not 
be limited to, any and all technology of computer numerical 
control as it relates to manufacturing machinery and systems, 
including but not limited to rapid prototyping devices and 
systems. 
0198 The meaning of “rapid prototyping shall include, 
but shall not be limited to, technologies qualified for manu 
facturing of copies of virtual three-dimensional objects and 
also technologies qualified for mass customization or the 
mass production of copies of customized or adapted geom 
etries to the needs of an individual patient. Rapid prototyping 
in this context shall include, but not be limited to, manufac 
turing technologies based on the digital data, by a process that 
includes depositing material, in accordance with the digital 
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data, layer-by-layer in a plurality of layers each constituting a 
two-dimensional cross section of a solid object having an 
edge defined by data of the three-dimensional surface, the 
layers being Stacked in a third dimension to form the Solid 
object having a three-dimensional Surface defined by the data. 
Such rapid prototyping technologies can be directed to actu 
ally manufacturing the part of interest, for example, by selec 
tive laser sintering or indirect by fabricating first e.g., a resin 
or wax sample of the part of interest, and second using, for 
example, "lost-wax' casing to duplicate such sample and 
fabricate therewith the part of interest. It also includes sinter 
ing techniques where the 'green” body is printed in response 
to computerized numerical controlled (CNC) data and sin 
tered it to its final material properties. Sintering in this context 
includes pressure and heat. 
(0199 The meaning of “body” of an artificial tooth shall 
include, but shall not be limited to, the part of the prosthesis 
representing a root structure for periodontal or osseointegra 
tion or the combined part of the prosthesis representing a root 
structure for periodontal or osseointegration and a Support 
structure for a crown or a bridge. 
0200. The meaning of “prosthesis' shall include any sub 
stantially artificially shaped part of any natural and artificial 
material. In this sense a dental prosthesis for periodontal 
integration would have to be distinguished to any human 
tooth used for intentional re-implantation. 
0201 Whenever the context requires, the word “prosthe 
sis' shall be deemed to include the word “implant” and vice 
WSa. 

0202 3D shall mean three-dimensional. 
0203 The meaning of “CT' shall include, but shall not be 
limited to, any and all technology of computed tomography. 
0204 CBCT' shall mean cone beam computed tomogra 
phy. 
0205 The meaning of “MRT shall include, but shall not 
be limited to, any and all technology of magnetic resonance 
tomography. 
0206. The meaning of “TOF" shall include, but shall not 
be limited to, any and all technology employing time of flight 
procedures. 
0207. The meaning of “imaging” and “scanning” shall 
include, but shall not be limited to, any and all technology of 
acquiring two-dimensional and/or three-dimensional data of 
physical objects or parts of a human body. 
0208. The meaning of clinical “imaging data” shall 
include, but shall not be limited to, in-vivo and in-vitro pro 
cesses that result in any anatomical data of the anatomy of a 
human being. In this context the term data shall include, but 
shall not be limited to, two-dimensional and three-dimen 
sional data. 
0209. The meaning of three-dimensional data shall 
include, but shall not be limited to, Surface (e.g., triangulated 
data) and Volumetric (e.g., voxel) data. 
0210. The meaning of “periodontal tissue' shall include, 
but shall not be limited to, any soft tissue surrounding a tooth. 
0211. The meaning of “periodontal ligature”, “ligament' 
or “periodontal ligament' shall include, but shall not be lim 
ited to, the fibrous connective tissue, e.g., human gingival 
fibroblasts, interface usually located between a human tooth 
and the anatomical structure of the jaw of a human being. 
0212. The meaning of each one of the following: “peri 
odontal integration”, “parodontal integration”, “integration 
into the periodont, “integration into the parodont, “integra 
tion into the dental soft-tissue'. “integration into the dental 
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ligament” and like word constructions shall include, but shall 
not be limited to, the integration into the periodontalligament 
structure or any other biological structure of the human dental 
anatomy exceptosseointegration. In this sense, the term peri 
odontal integration shall include, but shall not be limited to, 
the integration of the prosthesis to be adopted and held by 
periodontal ligament tissue of a human being. 
0213. In this sense a prostheses for periodontal integration 
would have to be distinguished from any osseointegrated 
implant. 
0214. The meaning of "cavity” shall include, but shall not 
be limited to, the periodontal cavity, a cavity of the jawbone 
structure, a cavity of the alveolus or a combination thereof. 
0215. The meaning of “extraction socket' shall include 
prepared or unprepared extraction sockets. The meaning of 
“prepared' shall include, but shall not be limited to, being 
Surgically pared, abraded, scraped or curetted by mechanical 
instruments or laser technology based devices. 
0216. The meaning of “replacement”, “to replace', “to be 
replaced' shall include, but shall not be limited to, any sub 
stitution, where one object fills the former position of another 
object. In the context of the foregoing such Substitution can be 
performed at any time, so that, for example, the term replace 
ment shall not be limited to a replacement in a timely manner. 
0217. The meaning of a “manufactured one-piece' object 
shall not be limited to homogeneous objects, and shall 
include, but shall not be limited to, manufactured assemblies, 
objects that are coated, objects that are consisting of more 
than one pieces or materials bonded together or any combi 
nation thereof. 
0218. The meaning of a “clinical one-step” process or a 
“clinical one-step” method shall include, but shall not be 
limited to, a series clinical process or method steps performed 
in one or more clinical events as long as no furtheriteration is 
required that includes clinical process or method steps and 
process or method steps that cannot be performed chair-side. 
0219. The meaning of “immediate load' of an implant 
shall include, but shall not be limited to, any all integration 
concepts of implants where the occlusal portion of the 
implant (e.g., the crown portion facing the opponent jaw) is 
not protected against the alternate load of mastication by 
additional protective means. 
0220. The meaning of “configured to be integrated into the 
existing occlusion of the patients dentition' shall include, but 
shall not be limited to, any shaping of a crown or a crown-like 
portion of a prosthesis that contacts or otherwise Substantially 
fills the gap between adjacent crowns, and any shaping that 
contacts or otherwise Substantially interacts with the oppo 
nent crowns of the dentition in the process of masticating 
food. 
0221. In dentistry, the term occlusion is used to refer to the 
manner in which the teeth from upper and lower arches come 
together when the mouth is closed. The meaning of “occlu 
sion' shall mean, but shall not be limited to, the manner the 
teeth of the upper or lower arch are fitting and coming in 
contact with each other while the mouth is closed or during 
chewing (articulation). It shall also include the fit and contact 
of adjacent teeth within one arch. The meaning of “integrated 
into the occlusion' shall include, but shall not be limited to, 
the configuration and integration of the fit and contact situa 
tion of a prosthesis within the existing or new build occlusion 
within the same and the opponent arch. 
0222. The words used in this specification to describe the 
various exemplary embodiments of the present invention are 
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to be understood not only in the sense of their commonly 
defined meanings, but to include by special definition in this 
specification structure, material or acts beyond the scope of 
the commonly defined meanings Thus, if an element can be 
understood in the context of this specification as including 
more than one meaning, then its use in a claim must be 
understood as being generic to all possible meanings Sup 
ported by the specification and by the word, itself. 
0223) The various embodiments of the present invention 
and aspects of embodiments of the invention disclosed herein 
are to be understood not only in the order and context spe 
cifically described in this specification, but to include any 
order and any combination thereof. Whenever the context 
requires, all words used in the singular number shall be 
deemed to include the plural and vice versa. Words which 
import one gender shall be applied to any gender wherever 
appropriate. Whenever the context requires, all options that 
are listed with the word “and” shall be deemed to include the 
world'or' and vice versa, and any combination thereof. The 
titles of the sections of this specification and the sectioning of 
the text in separated paragraphs are for convenience of refer 
ence only and are not to be considered in construing this 
specification. 
0224 Insubstantial changes from the claimed subject mat 

ter as viewed by a person with ordinary skill in the art, now 
known or later devised, are expressly contemplated as being 
equivalent within the scope of the claims. Therefore, obvious 
substitutions now or later known to one with ordinary skill in 
the art are defined to be within the scope of the defined 
elements. 
0225. The present application is a continuation of U.S. 
patent application Ser. No. 12/763,001, titled “Customized 
Dental Prosthesis for Periodontal or Osseointegration, and 
Related Systems and Methods.” filed on Apr. 19, 2010, which 
is a continuation-in-part of and claims priority to and the 
benefit of U.S. patent application Ser. No. 1 1/724,261, titled 
“Customized Dental Prosthesis for Periodontal- or Osseoin 
tegration and Related Systems and Methods, filed on Mar. 
15, 2007, which is a continuation-in-part of and claims pri 
ority to and the benefit of U.S. patent application Ser. No. 
1 1/549,728, filed on Mar. 16, 2006, titled “Customized Den 
tal Prosthesis for Periodontal- or Osseointegration and 
Related Systems and Methods.” each incorporated herein by 
reference in its entirety. 
0226. In the drawings and specification, there have been 
disclosed embodiments of the present invention, and 
although specific terms are employed, the terms are used in a 
descriptive sense only and not for purposes of limitation, the 
Scope of the invention being set forth in the following claims. 
The invention has been described in considerable detail with 
specific reference to the illustrated embodiments. It will be 
apparent, however, that various modifications and changes 
can be made within the spirit and scope of the invention as 
described in the foregoing specification. 

That claimed as: 
1. A dental prosthesis to be integrated into a receiving jaw 

bone cavity structure of a pre-identified patient, the dental 
prosthesis being a finished manufactured product prior to its 
insertion into the receiving jaw bone cavity structure, the 
dental prosthesis comprising: 

a root portion configured to be positioned in and Substan 
tially integrated into and adopted by at least one of the 
following: a jaw bone structure of the pre-identified 
patient and a periodontal ligament structure of the pre 
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identified patient, defining the receiving jawbone cavity 
structure, the root portion having an outer Surface, Sub 
stantial portions of the outer Surface having a custom 
three-dimensional Surface shape specifically dimen 
sionally matching an undersized three-dimensional Sur 
face shape of corresponding outer Surface portions of a 
root portion of a natural tooth of the pre-identified 
patient. 

2. A dental prosthesis as defined in claim 1, wherein the 
root portion is configured to be substantially integrated into 
and adopted by the jaw bone structure of the pre-identified 
patient, the jawbone structure defining the receivingjawbone 
cavity structure. 

3. A dental prosthesis as defined in claim 1, wherein the 
portion is configured to be substantially integrated into and 
adopted by the periodontal ligament structure of the pre 
identified patient, the periodontal ligament structure defining 
the receiving jawbone cavity structure. 

4. A dental prosthesis as defined in claim 1, wherein the 
entire three-dimensional shape of the root portion does not 
exceed dimensionally a corresponding three-dimensional 
shape of the root portion of the natural tooth of the pre 
identified patient. 

5. A dental prosthesis as defined in claim 1, wherein the 
three-dimensional shape of the substantial portions of the root 
portion is undersized approximately 0.2 to 0.3 mm with 
respect to the corresponding outer Surfaceportions of the root 
portion of the natural tooth of the pre-identified patient. 

6. A dental prosthesis as defined in claim 1, wherein the 
entire outer Surface portion of the root portion corresponding 
to an entire embedding jaw bone cavity Surface associated 
with the natural tooth of the pre-identified patient is sized and 
shaped so as to not exceed dimensionally a natural pre-inser 
tion three-dimensional shape of the respective embedding 
jaw bone cavity Surface when the dental prosthesis is clini 
cally positioned therein. 

7. A dental prosthesis as defined in claim 1, wherein the 
three-dimensional shape of the substantial portions of the root 
portion is undersized approximately 0.2 to 0.3 mm with 
respect to corresponding portions of the jaw bone cavity 
structure receiving the dental prosthesis. 

8. A dental prosthesis as defined in claim 1, wherein the 
root portion further comprises a biocompatible enhancement 
comprising: 

a layer of biocompatible material comprising engineered 
tissue. 

9. A dental prosthesis as defined in claim 8, wherein the 
engineered tissue comprises non-autologous tissue-engi 
neered material. 

10. A dental prosthesis as defined in claim 8, wherein the 
engineered tissue comprises autologous tissue-engineered 
material. 

11. A dental prosthesis as defined in claim 8, wherein the 
engineered tissue is characterized by being derived from 
autologous tissue samples from the pre-identified patient. 

12. A dental prosthesis as defined in claim 1, wherein the 
root portion further comprises a biocompatible enhancement 
comprising: 

ancestral cells positioned on the outer surface of the root 
portion, the ancestral cells being located thereon prior to 
and insertion of the dental prosthesis into the jaw bone 
cavity structure. 
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13. A dental prosthesis as defined in claim 1, wherein the 
root portion further comprises a biocompatible enhancement 
comprising: 

a nano-crystalline diamond coating forming at least Sub 
stantial portions of the outer surface of the root portion. 

14. A dental prosthesis as defined in claim 1, wherein the 
root portion further comprises a biocompatible enhancement 
comprising: 

cells of a tooth positioned on the outer surface of the root 
portion. 

15. A dental prosthesis as defined in claim 1, wherein the 
root portion further comprises a biocompatible enhancement 
material comprising: 

portions of the natural tooth. 
16. A dental prosthesis as defined in claim 1, wherein the 

root portion further comprises a biocompatible enhancement 
comprising: 

a coating of an antibiotic pharmaceutical located on Sub 
stantial portions of the outer surface of the root portion 
prior to insertion of the root portion into the jaw bone 
cavity structure. 

17. A dental prosthesis as defined in claim 1, wherein the 
root portion further comprises: 

a gel adapted to form a barrier membrane when sprayed 
with water, positioned on substantial portions of the 
outer surface of the root portion prior to insertion of the 
root portion into the jaw bone cavity structure. 

18. A dental prosthesis as defined in claim 1, wherein the 
root portion further comprises: 

a layer of silver positioned adjacent a permanent crown 
portion when connected thereto, configured to reduce 
healing gum tissue growth. 

19. A dental prosthesis as defined in claim 1, wherein the 
outer Surface of the root portion comprises Zircon-oxide. 

20. A dental prosthesis as defined in claim 1, wherein the 
outer Surface of the root portion comprises titanium or a 
titanium alloy. 

21. A dental prosthesis as defined in claim 1, wherein the 
outer Surface of the root portion comprises a ceramic mate 
rial. 

22. A dental prosthesis as defined in claim 1, wherein the 
root portion comprises a root main body portion, the root 
main body portion comprising one of the following: a ceramic 
and a biocompatible metal, having portions of the natural 
tooth integrated therewith. 

23. A dental prosthesis as defined in claim 1, further com 
prising: 

a permanent crown portion connected to the root portion; 
and 

a membrane abuttingly contacting portions of the outer 
Surface of the root portion adjacent the permanent crown 
portion to separate faster healing gum tissue growth 
from a slower healing periodontal ligament structure 
when the dental prosthesis is Substantially integrated 
into and adopted by the periodontalligament structure of 
the patient. 

24. A dental prosthesis as defined in claim 1, further com 
prising: 

a permanent crown portion connected to the root portion of 
the dental prosthesis to form a unitary prosthetic struc 
ture existing as the unitary prosthetic structure prior to 
insertion of the root portion into the jaw bone cavity 
Structure: 
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wherein the root portion comprises a primary body mate 
rial; 

wherein the permanent crown portion comprises the pri 
mary body material; and 

wherein the root portion and the permanent crown portion 
together define the unitary prosthetic structure, the pri 
mary body material of the root portion of the unitary 
prosthetic structure and the primary body material of the 
permanent crown portion of the unitary prosthetic struc 
ture together comprising a Substantial plurality of abut 
tingly contacting layers of material extending cross 
sectionally through an extent of the prosthetic structure. 

25. A dental prosthesis to be integrated into a receiving jaw 
bone cavity structure of a pre-identified patient, the dental 
prosthesis being a finished manufactured product prior to its 
insertion into the receiving jaw bone cavity structure, the 
dental prosthesis comprising: 

a root portion configured to be positioned in and integrated 
into the receiving jaw bone cavity structure of the spe 
cific pre-identified patient and having an outer Surface, 
Substantial portions of the outer Surface having a custom 
three-dimensional Surface shape specifically dimen 
sionally matching an undersized three-dimensional Sur 
face shape of corresponding outer Surface portions of a 
root portion of a natural tooth of the pre-identified 
patient; 

wherein the entire three-dimensional shape of the root 
portion does not exceed dimensionally a corresponding 
three-dimensional shape of the receivingjawbone struc 
ture of the pre-identified patient; and 

wherein the three-dimensional shape of the substantial por 
tions of the root portion is undersized approximately 0.2 
to 0.3 mm with respect to the corresponding outer Sur 
face portions of the root portion of the natural tooth of 
the pre-identified patient. 

26. A dental prosthesis to be integrated into an embedding 
jawbone cavity structure of a pre-identified patient, the dental 
prosthesis being a finished manufactured product prior to its 
insertion into the embedding jaw bone cavity structure, the 
dental prosthesis comprising: 

a root portion configured to be positioned in and integrated 
into the embedding jaw bone cavity structure of a spe 
cific pre-identified patient and having an outer Surface, 
Substantial portions of the outer Surface having a custom 
three-dimensional Surface shape specifically dimen 
sionally matching an undersized natural pre-insertion 
three-dimensional shape of corresponding portions of 
the embedding jaw bone cavity structure. 

27. A dental prosthesis as defined in claim 26, wherein the 
entire outer Surface portion of the root portion corresponding 
to an entire embedding jaw bone cavity Surface associated 
with the natural tooth of the pre-identified patient, is sized and 
shaped so as to not exceed dimensionally the natural pre 
insertion three-dimensional shape of the respective embed 
ding jaw bone cavity Surface when the dental prosthesis is 
clinically positioned therein. 

28. A dental prosthesis as defined in claim 27, wherein the 
three-dimensional shape of the substantial portions of the root 
portion is undersized approximately 0.2 to 0.3 mm with 
respect to the corresponding portions of the embedding jaw 
bone cavity structure receiving the root portion of the dental 
prosthesis. 

29. A dental prosthesis to be integrated into a receiving jaw 
bone cavity structure of a pre-identified patient, the dental 
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prosthesis being a finished manufactured product prior to its 
insertion into the receiving jaw bone cavity structure, the 
dental prosthesis comprising: 

a root portion configured to be positioned in and Substan 
tially integrated into and adopted by at least one of the 
following: a jaw bone structure of the pre-identified 
patient and a periodontal ligament structure of the pre 
identified patient, defining the receiving jawbone cavity 
structure, the root portion having an outer Surface char 
acterized by being shaped prior to extraction of a natural 
tooth of the pre-identify patient to be replaced by the 
dental prosthesis, the entire portion of the outer surface 
of the root portion corresponding to an entire embedding 
jawbone cavity Surface associated with the natural tooth 
of the pre-identified patient being sized and shaped so as 
to not exceed dimensionally a natural pre-insertion 
three-dimensional shape of the respective embedding 
jaw bone cavity Surface when the dental prosthesis is 
clinically positioned therein, the root portion further 
Substantially comprising a non-molded material. 
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30. A dental prosthesis as defined in claim 29, wherein the 
root portion is configured to be substantially integrated into 
and adopted by the jaw bone structure of the pre-identified 
patient, the jawbone structure defining the receivingjawbone 
cavity structure. 

31. A dental prosthesis as defined in claim 29, wherein the 
root portion is configured to be substantially integrated into 
and adopted by the periodontal ligament structure of the 
pre-identified patient, the periodontal ligament structure 
defining the receiving jawbone cavity structure. 

32. A dental prosthesis as defined in claim 29, 
wherein the outer surface of the root portion has a 

machined Surface finish resulting from one or more of 
the following: milling, grinding, and layer-by-layer 
depositing; and 

wherein the non-molded material comprises at least one of 
the following: titanium, titanium alloy, Zirconia, and 
alumina. 


