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METHODS FOR MAKING PROSTHETIC 
SURFACES 

BACKGROUND OF THE INVENTION 

0001. This invention relates to methods for reproducing a 
three-dimensional Surface, and more particularly to methods 
for making Surfaces for use with prosthetic devices, Such as 
gloves resembling hands, feet, fingers, and other similar 
articles. 

0002 One of the original techniques for making a pros 
thetic Surface included making a plaster cast of a human 
limb that could be used to manufacture an artificial one. This 
method of manufacture had many drawbacks, including the 
appearance of a line in the artificial limb corresponding to 
the junction between the two halves of the mold. Moreover, 
the ridges and depressions that normally make up the Surface 
of the limb, Such as the ones that form fingerprints, were 
Substantially eliminated in the manufacturing proceSS 
because the plaster cast was not capable of capturing all of 
the detail that makes up the Surface. 
0003. In order to improve the appearance of the artificial 
limb, cosmetic gloves and the like were developed that more 
closely approximate the natural appearance of human skin. 
See, e.g., Milton et al. U.S. Pat. No. 2,657,394. The manu 
facture of Such gloves, however, Still required a process of 
reversing a physical mold in order to properly match the 
artificial limb with a natural one. Mold reversal may involve 
cutting the mold into parts and reattaching them in a 
reversed orientation, forming seams and other undesirable 
Surface effects that must be later eliminated, or at least 
diminished, in the final Stages of making the glove. How 
ever, the elimination of Such Surface effects is imperfect and 
usually a slow, labor intensive process. 

0004 Moreover, a patient may desire one or more Super 
ficial differences between a left and right limb (such as the 
appearance of a birthmark or mole). These differences can 
be difficult to reliably incorporate in the reversed glove 
because they are usually Sculpted into the glove mold. 
However, the quality of the Sculpted mold Strongly depends 
upon the skill and artistry of the Sculptor, making this 
proceSS unreliable at best. 
0005 Methods for making prosthetic devices with laser 
and ultraSonic digitizing Systems are known. See, e.g., 
Clynch et al. U.S. Pat. No. 5,432,703 and Walsh et al. U.S. 
Pat. No. 5,539,649. However, these methods do not address 
the difficulty of reproducing high resolution prosthetic Sur 
faces, let alone high resolution prosthetic Surfaces for 
residual limbs. For example, Clynch et al. was mainly 
concerned with producing an accurately shaped Socket for 
reception of a residual limb in a prosthetic structure. Fur 
thermore, Walsh et al. was concerned with providing dimen 
Sional information with regard to the relative location of the 
limb, Skin, and bone Surfaces in three-dimensional Space. 
0006 Thus, it would therefore be desirable to provide 
methods for accurately making high resolution Surfaces, 
especially Surfaces of prosthetic devices. 

0007. It would be particularly desirable to provide meth 
ods for reliably making a prosthetic skin that matches the 
skin of a real counterpart limb, including any cosmetic 
differences or details desired by a patient. 
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0008. It would also be particularly desirable to provide 
methods for rapidly designing and making high-resolution 
prosthetic Surfaces, without manufacturing multiple itera 
tions. 

SUMMARY OF THE INVENTION 

0009. It is therefore an object of this invention to provide 
methods for making high resolution Surfaces, especially 
Surfaces of prosthetic devices. 

0010. It is also an object of this invention to provide 
methods for reliably making a skin for covering a prosthetic 
device that precisely matches the skin of a counterpart limb, 
including any cosmetic differences or details desired by a 
patient. 

0011. It is yet another object of this invention to provide 
methods for rapidly designing high-resolution prosthetic 
Surfaces in a flexible graphical environment and for making 
those prosthetic Surfaces. 

0012. In accordance with one aspect of the present inven 
tion, a method for reproducing a three-dimensional (here 
inafter, "3D") object surface is provided. The method 
includes (1) identifying a real object Surface, (2) acquiring 
at least a 3D data set with a 3D Surface imaging device, (3) 
acquiring at least a two-dimensional (hereinafter, "2D) data 
Set using a Second Surface imaging device with a Surface 
resolution of at least about 0.1 mm', (4) synthesizing a 3D 
composite data Set by orienting a first Virtual image of the 
first data set and a second virtual image of the second data 
Set to form a composite virtual image that corresponds to the 
composite data set, and (5) making a reproduction of the 
object Surface with the composite data Set. Orientation of the 
Virtual images is relative to each other and without Substan 
tial loSS of Surface resolution. 

0013. According to one particular aspect of this inven 
tion, a method for making a prosthetic skin for covering a 
prosthetic device is provided. The method includes (1) 
acquiring at least a first data Set with a Surface imaging 
device having a Surface resolution of at least about 0.1 mm; 
(2) Synthesizing a 3D composite data set from the first data 
set without Substantial loss of the surface resolution; (3) 
providing the composite data Set to a digitally controlled 
fabrication device; (4) fabricating a mold with the fabrica 
tion device using the composite data Set, and (5) fabricating 
the prosthetic skin with the mold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The above and other objects and advantages of the 
invention will be apparent upon consideration of the fol 
lowing detailed description, taken in conjunction with the 
accompanying drawings, in which like reference characters 
refer to like parts throughout: 

0015 FIG. 1A is a flow chart of steps for carrying out 
one illustrative embodiment of a method according to this 
invention for making a reproduction of a three-dimensional 
Surface of an object. 

0016 FIG. 1B is a flow chart of steps for carrying out 
another illustrative embodiment of a method according to 
this invention for making a prosthetic Skin for covering a 
prosthetic device. 
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0017 FIG. 2 shows four simplified data sets that are 
being oriented with respect to each other to Synthesize a 
composite data Set according to this invention. 
0.018 FIG. 3 shows a simplified virtual image that cor 
responds to the composite data Set Synthesized using the four 
data sets shown in FIG. 2 according to this invention. 
0.019 FIGS. 4A-4C show simplified longitudinal cross 
Sectional views of three images of molds having different 
thicknesses for use in making a prosthetic skin of a finger 
according to this invention. The thicknesses of the images of 
the molds are exaggerated relative to the size of the finger to 
make certain features of the mold more visible. 

0020 FIG. 5 shows a simplified longitudinal cross-sec 
tional view of an illustrative mold fabricated according to 
this invention. 

0021 FIG. 6 shows a simplified longitudinal view, partly 
in section, of the illustrative mold shown in FIG. 5 before 
full investment according to this invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1A is a flow chart of steps of method 100 
according to this invention for reproducing a 3D object 
surface. Method 100 includes identifying a real object 
Surface in Step 102, acquiring at least a 3D data Set with a 
3D Surface imaging device in Step 104, acquiring at least a 
2D data set using a Second Surface imaging device with a 
surface resolution of at least about 0.1 mm in step 106, 
Synthesizing a 3D composite data set by orienting a first 
Virtual image of the first data Set and a Second virtual image 
of the Second data Set to form a composite virtual image that 
corresponds to the composite data Set in Step 108, and 
making a reproduction of the object Surface with the com 
posite data set in step 110. Orientation of the virtual images 
is relative to each other and without Substantial loss of 
Surface resolution. 

0023. In step 102, a real object is identified. A preferred 
real object for use with this invention is a human limb, in 
which case the Surface of the object is the Skin and nails that 
cover the limb. According to this invention, a limb may be 
an arm or a leg, or any part thereof. For example, if the 
object is a finger, the Surface of the finger would include a 
relatively elastic skin portion and a relatively rigid finger 
nail portion. Similarly, if the object was a full hand, the 
Surface would include, in addition to the elastic skin that 
covers most of the hand, four rigid finger nails and a rigid 
thumb nail. Because the texture and hardness of skin and 
nails are So different, it is often desirable to make these 
components separately. Also, these differences may mandate 
that the nail and skin portions be characterized with different 
Surface imaging devices. Moreover, when the invention is 
being used to make a prosthetic device, Step 102 preferably 
includes interviewing the patient to ascertain any financial 
constraints, determining the level of Surface resolution 
desired in the final prosthetic device or Surface, and estab 
lishing cosmetic details that the patient may wish to have 
included on the Surface prosthetic device. 
0024. In step 104, at least a 3D data set is acquired. The 
3D data set depicts the 3D shape of the surface and is 
acquired with a 3D imaging device. Some of the 3D imaging 
devices that can be used according to this invention are Sold 
by Cyberware, Inc., of Monterey, Calif. (available under 
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model no. 3030), Digibotics, Inc., of Austin, Tex. (available 
under the trademark Digibot II(R), Laser Design, Inc., of 
Minneapolis, Minn. (available under the trademark Sur 
veyor?R 3D Laser Digitizing System), and Real 3D, of 
Orlando, Fla. (available under the trademark RealScan 
3DTM). These 3D imaging devices are laser-based measuring 
devices and Stereoscopic measuring devices, but other 
devices based on different technology (Such as polarization 
and acoustic technologies) may also be used in accordance 
with this invention. 

0025. In step 106, a 2D data set is acquired having a 
Surface resolution of at least about 0.1 mm. As used herein, 
Surface resolution is the Surface area of a Single pixel, which 
is a discrete element that, when combined with other pixels, 
form an image. Thus, a Surface resolution of 0.1 mm can be 
formed by a square pixel having sides of (0.1) mm each. 
Alternatively, a surface resolution of 0.1 mm can be formed 
by a rectangular pixel having Sides of 0.25 mm and 0.4 mm. 
Preferably, the surface resolution of the image is better than 
0.1 mm, that is the area of each pixel of the image is Smaller 
than 0.1 mm. A surface resolution of 0.05 mm is preferred. 
0026. Acquiring the 2D data set in step 106 may involve 
photographing the object with a digital camera So that the 
data set at least has gray Scale information (e.g., a digital 
black and white photograph). The 2D data set may also 
contain color information (e.g., a digitized color photo 
graph). Alternatively, the 2D data set acquired in Step 106 is 
a two step process: (1) photographing the object with an 
analog camera to create an analog photograph and (2) 
digitizing the analog photograph to create a 2D data set 
representing the analog photograph. Again, the 2D data Set 
should at least include gray Scale information, but may 
include color information. 

0027. In addition to photographing the object, the 2D 
data Set may be acquired in other ways. A first way includes 
making a drawing by an artist and digitizing that drawing 
with an imaging device to obtain an accurate 2D data Set that 
represents the drawing. A Second way includes making a 
projected outline by tracing the object and digitizing the 
outline to obtain a 2D data Set that represents that outline. 
The difference between an outline and a drawing is that an 
outline merely describes the boundary or shape of the object, 
while a drawing contains more, Such as Surface detail. 
0028. Yet another way to acquire a 2D data set in 
accordance with this invention involves measuring the 
object with a tape measure to obtain at least one measurable 
dimension, Such as a length or a circumference of the object. 
The tape is useful to confirm that at least one actual physical 
dimension of the composite Virtual image is accurate. 
0029 Acquiring data sets in steps 104 and 106 can be 
direct or indirect. Direct data acquisition involves accumu 
lating a data Set directly from a real Surface, Such as a hand. 
Indirect data acquisition involves at least three steps: (1) 
building a negative mold of the object Surface using a room 
temperature Vulcanization technique; (2) building a positive 
model of the object Surface using the negative mold; and (3) 
accumulating a data Set depicting the positive model Surface. 
If accumulating the data Set depends on the reflectivity of the 
object Surface (i.e., the real Surface or the positive mold 
Surface), a method according to a further aspect of this 
invention includes depositing a highly reflective coating on 
that surface before accumulating the 2D or 3D data sets. A 
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highly reflective coating according to this invention may 
include Zinc or titanium oxide. 

0030 The negative mold may be built by impressing an 
object (e.g., a hand) in a high-resolution moldable material 
that Substantially preserves the Surface details of the object. 
One example of a high-resolution material is a room tem 
perature Vulcanization (“RTV) molding material, Such as a 
silicone material available under model No. 3110, sold by 
the Dow Corning Corporation, of Midland, Mich. As an 
alternative to using an RTV molding material, an alginate 
may be used. 
0031) Moreover, each of steps 104 and 106 can involve 
acquiring two or more data Sets each. That is, Step 104 may 
involve acquiring two or more 3D data Sets and combining 
them in step 108 to form a composite 3D data set. Similarly, 
multiple 2D data Sets can be used to characterize the Surface 
of the object. For example, if the object being reproduced is 
a hand, a separate 2D data Set can be used to characterize 
each finger nail, finger print, knuckle, and palm print (see, 
e.g., FIG. 2). One reason for acquiring multiple data sets is 
to ensure that a proper level of detail is obtained for the 
entire 3D surface being reproduced. The number of 2D and 
3D data sets acquired in steps 104 and 106 depends on the 
resolution of the Surface imaging devices available and any 
financial constraints determined in Step 102. 
0032. In step 108, a 3D composite data set is synthesized 
by orienting a first Virtual image of the first data Set and a 
Second Virtual image of the Second data Set to form a 
composite virtual image. The orientation of the first and 
Second Virtual images is performed relative to each other and 
is accomplished without a Substantial loSS of Surface reso 
lution. Synthesis of the composite data Set may be performed 
with conventional 3D data editing Software (Such as the ones 
sold by NewTek, of San Antonio, Tex. (available under the 
trademark LightWave 3D(R), Cyberware, Inc., of Monterey, 
Calif. (available under the trademarks CyDir Digitizing 
Environment(R), CyClice IGES Slicing Software(R), CySurf 
Surfacing Software(R), and CySculpt Sculpting Software(R). 
0.033 Synthesis of the composite data set in step 108 is 
performed by orienting first and Second virtual images. The 
first and second virtual images correspond to the 2D and 3D 
data Sets, respectively, and are used to create a composite 
Virtual image. Synthesis preferably take place in a highly 
interactive and flexible environment So that the composite 
image, and corresponding composite data Set, can be edited 
in Stages from multiple perspectives until a final composite 
data Set is created. Synthesis at least includes combining two 
data Sets to form a composite data Set, preferably by Seam 
lessly draping a 2D data over a 3D data Set. This proceSS is 
Sometimes referred to as "bump mapping.” Synthesis may 
further include reversing one or more data Sets and creating 
data Subsets. 

0034 FIG. 2 shows four data sets that may be used to 
Synthesize a composite data Set according to Step 108 of this 
invention. First virtual image 210 corresponds to a first 3D 
data Set that depicts the general 3D shape of a finger. In 
addition to depicting the general shape of the finger, image 
210 may contain Substantial texture and color information. 
Second virtual image 220 corresponds to a 2D data set that 
includes one cosmetic detail: birthmark 222. Of course, 
image 220 may also include other cosmetic details, includ 
ing an erasure of an undesirable Surface feature. Third 
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virtual image 230 corresponds to a 2D data set that includes 
surface texture 232 over the length of the finger. The surface 
texture can be obtained from a black and white photograph 
as described above. Fourth virtual image 240 corresponds to 
a 2D data Set that includes additional Surface features near 
the tip of the finger, including finger nail 242 and Skin folds 
244. The surface features contained in virtual image 240 
may also be obtained from a photograph of the finger. 
0035 FIG. 3 shows a composite virtual image 250 that 
contains substantially all of the information shown in virtual 
images 210, 220, 230, and 240. Additional data sets may be 
needed to define or enhance a finger print on the other side 
of the finger. In a preferred embodiment, orientation of the 
Virtual images is performed while viewing them on a visual 
display device, including a virtual reality device. Also, it 
should be clear to one of ordinary skill in the art that the 
process of Synthesizing a composite data Set by overlaying 
multiple data sets, as shown by FIGS. 2 and 3, can be 
performed iteratively until a Satisfactory composite image, 
and thereby composite data Set, is Synthesized. This may 
involve acquiring additional data Sets at any time during the 
process according to this invention and incorporating them 
into a first or Subsequent iteration of a Synthesized compos 
ite data Set. The ability to quickly create multiple iterations 
of Virtual images before manufacturing means that devel 
opment costs are reduced and reproduction quality is 
improved. 

0036) Although the virtual image may be an accurate 
representation of the real object being measured, that Virtual 
image may be modified, or enhanced, with one or more 
cosmetic details desired by modifying a target data Set. A 
target data Set may be any of the data Sets used in accordance 
with this invention, including the 3D data set, the 2D data 
Set, and the composite data Set and/or Subset. A cosmetic 
detail may be a kinetic detail, an authentic detail, or a desired 
detail. 

0037. A kinetic detail is a surface feature that results 
when the real object moves, but does not appear in any of the 
3D or 2D data Sets. An example of a kinetic detail is a skin 
fold at a wrist that only appears when the wrist is in a bent 
position. 

0038 An authentic detail is a surface feature that actually 
appeared on the object being replaced but is no longer 
available for imaging. For example, if a patient was missing 
a right arm that had a birthmark, a reproduction can be made 
according to this invention by acquiring data depicting the 
left arm without a birthmark, Synthesizing a composite data 
Set by reversing the left arm data and adding a birthmark to 
it, and making a right arm prosthetic device that includes the 
birthmark. Thus, the prosthetic device would be substan 
tially the same as the left arm, but would include a birth 
mark. Alternatively, a blemish, Such as a Scar, may be 
removed from a data Set by replacing the data that define the 
blemish with new data that do not contain the blemish. Thus, 
birthmarks and Scars are examples of authentic details 
according to this invention. 

0039 Finally, a desired detail is a surface feature that has 
no real basis, but is nonetheless desired. For example, 
desired details may be birthmarks, tattoos, hair, and freckles. 
0040 AS discussed above, synthesis of a composite data 
Set in Step 108 may include reversing a data Set, which 
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involves calculating a new data Set that depicts a mirror 
image of an original data Set. Most conventional 3D imaging 
Software can do this, including most of the 3D imaging 
Software packages listed above. For purposes of this inven 
tion, it makes no difference whether reversal occurs before 
or after a composite data Set is created. For example, if the 
real object being copied is a right thumb, the 3D data Set 
would depict the general shape of the thumb and the 2D data 
Set would depict the thumb texture, color and other Surface 
features, Such as a thumb print. Thus, the composite data Set 
can be synthesized by combining the 2D and 3D data sets 
before reversing them, or by reversing the 2D and 3D data 
Sets before combining them. In either case, the composite 
data Set that results can be used to make a reversed repro 
duction of the real object Surface. 

0041. The use of a reversed data set for making a pros 
thetic device is an important aspect of this invention. Con 
ventional techniques for making a prosthetic device require 
physical reversal of a mold of a counterpart limb. However, 
mold reversal may involve cutting the mold into parts and 
reattaching them in a reversed orientation, forming Seams 
and other undesirable Surface effects that must be dealt with 
after a prototype of the prosthetic device is made. Mold 
reversal is usually slow, labor intensive, and costly. By 
reversing a data Set before making a mold, these disadvan 
tages are largely eliminated. 

0042. According to this invention, a composite data Sub 
set may also be synthesized in step 108. As used herein, a 
composite data Subset is any data Set depicting any portion 
of the Surface of a composite virtual image. A Subset may be 
Synthesized by Selecting a portion of the Surface of a virtual 
composite image and then creating the composite data 
Subset, Such as by Storing the data that correspond to that 
portion. Alternatively, a Subset may be created directly from 
a 2D or a 3D data Set acquired from a patient or generated 
from a collection of prototypes. The composite data Subset 
is preferably Separately manipulatable from the composite 
data Set. An example of a composite data Subset is one that 
depicts a finger nail. 

0.043 Multiple composite data Subsets may be used in 
accordance with this invention. For example, a left hand 
prosthesis may have Seven Separately defined Surfaces that 
correspond to Seven composite data Subsets. In this example, 
a first Surface may correspond to a reversed image of a 
patient's right hand, a Second Surface may correspond to the 
patient's left wrist Stump against which the prosthesis will 
fit, and five additional Surfaces may correspond to one 
thumb nail and four finger nails. Because composite data 
Subsets are separate entities, each corresponding Surface can 
be made separately with different materials if desired. 

0044 Preferably, the composite data set and/or subset is 
calibrated by comparing a measurable dimension of the real 
object with the same dimension of the composite Set or 
Subset. For example, if the object is a human finger, a 
measurable dimension might be a circumference of the 
finger at a knuckle. The circumference of the finger at the 
knuckle can be measured directly with a tape measure. That 
measured circumference may be used to calibrate the cir 
cumference of the respective knuckle of a composite Virtual 
image. If a circumference of the composite virtual image is 
too large or Small, the composite data Set can be reduced or 

Oct. 4, 2001 

enlarged, respectively, So that the virtual image is properly 
calibrated and accurately represents the real or reversed 
object. 
0045 Synthesis of the composite data set in step 108 may 
further include increasing a contrast level of a data Set. The 
contrast level of a data Set represents the degree of difference 
between the light and dark pixels of an image. So, if every 
pixel of a 2D image is assigned a value between 1 and 255, 
an image with relatively few pixels in the middle of that 
range would have a higher contrast level than an image with 
a relatively large number of pixels in the middle of that 
range. By increasing the contrast level, the amount of noise 
in the data Set can be reduced, which improves the bump 
mapping process and the quality of the reproduction made 
therefrom. Therefore, the contrast level of the first data set, 
Second data Set, and/or the composite data set or Subset can 
be increased by deleting a middle portion of a gray Scale 
asSociated with the data. 

0046) The contrast level of the composite data set is 
preferably made substantially uniform over the surface of 
the composite image. For example, if the 3D data Set has a 
low noise level and the 2D data set has a relatively high 
noise level, the contrast level of one or both of these datasets 
may be modified before being Synthesized into a composite 
data Set. Alternatively, the contrast level of any portion of the 
composite data Set may be modified as desired. 
0047. After the contrast level of the composite data set is 
made Substantially uniform, mold information is added to 
the composite data set. Mold information specifies the 
Structure and thickness of the mold used to fabricate a 
reproduction according to this invention. Preferably, adding 
mold information includes orienting a matrix of Virtual 
Structural elements relative to the virtual composite image. 
Because mold material is generally expensive, it is desirable 
that the mold be thin to conserve material, but thick enough 
to Support the lining of the mold and the reproduction during 
fabrication. 

0048 For example, FIGS. 4A-4C show cross-sectional 
areas of three virtual composite images 410, 420, and 430, 
respectively, of finger mold cavity 400. The thicknesses of 
the mold images are exaggerated relative to the size of the 
finger to make certain features of the mold more visible. 
FIG. 4A shows finger mold cavity 400 surrounded by a 
relatively thin layer of structural elements 412. FIGS. 4B 
and 4C show finger mold cavity 400 surrounded by Suc 
cessively thicker layers of structural elements 422 and 432, 
respectively. For purposes of making a prosthetic skin, the 
mold thickness is preferably between about 1.0 mm and 
about 10.0 mm, and most preferably about 2.0 mm. 
0049 Structural elements 412, 422, and 433 shown in 
FIGS. 4A-4C are substantially hollow to further conserve 
mold material. The structural elements are preferably tubu 
lar and have a polygonal cross-sectional area (e.g., hexago 
nal), to form a honeycomb-like Structure. However, the 
croSS-Sectional areas of the Structural elements may be any 
shape, including elliptical, if desired. The desired orientation 
of the tubular structures that make up the mold depends on 
the viscosity of the material used to invest the mold. The 
molds shown in FIGS. 4A-4C have tubular elements with 
open ends oriented upward to prevent a low Viscosity 
investing material from leaking out before it hardens. On the 
other hand, if the investing material is highly viscous, it 
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would not leak and the upward orientation of the tubular 
elements would be unnecessary. Hexagonally shaped croSS 
Sections 414, 424, and 434 of structural elements 412, 422, 
and 432 are shown at the bottom of FIGS. 4A-4C, respec 
tively. 

0050. In addition to adding mold information, synthesiz 
ing in Step 108 preferably includes amending the composite 
data Set So that a portion of the composite Virtual image 
surface virtually conforms to a different virtual surface. For 
example, when the reproduction is a prosthetic device or 
skin, an amendment of the composite data Set might be 
necessary to ensure that the device or skin comfortably 
conforms to a Stump of a missing limb. Because the com 
posite data Set can be accurately amended according to this 
invention before a prosthetic device is made, the device has 
a higher likelihood of fitting the patient, without multiple 
iterations. Because the iterative proceSS is the most expen 
Sive and time consuming part of a conventional manufac 
turing process, amendment of the composite data Set before 
fabrication is very desirable. 
0051). In step 110, the final step of method 100, a repro 
duction is actually manufactured. Any available method can 
be used according to this invention, including using any of 
the mold-based fabrication techniques discussed below and 
other techniques that are not mold-based, Such as a high 
resolution milling techniques. 

0.052 FIG. 1B is a flow chart of steps of method 150 
according to another aspect of the present invention for 
making a prosthetic Skin. The method includes acquiring at 
least a first data Set with a Surface imaging device having a 
surface resolution of at least about 0.1 mm in step 152; 
Synthesizing a 3D composite data Set from the first data Set 
without Substantial loss of the surface resolution in step 154; 
providing the composite data Set to a digitally controlled 
fabrication device in step 156; fabricating a mold with a 
fabrication device using the composite data Set in Step 158, 
and fabricating the prosthetic skin with the mold in step 160. 

0053. In step 152, at least a first data set is acquired with 
a Surface imaging device. The first data Set depicts the 
Surface of an original limb and has a Surface resolution of at 
least about 0.1 mm. As described above, any surface 
imaging device with Sufficient Surface resolution may be 
used to acquire the first data Set, including 2D and 3D 
Surface imaging devices. 
0.054 The original limb may be the missing body part 
being replaced, Such as when a patient is preparing for an 
impending amputation. Alternatively, the original limb may 
be a counterpart of the missing limb, in which case this 
method would include reversing the data Set So that the 
prosthetic skin will correspond to the missing limb. For 
example, if the prosthetic device corresponds to a right indeX 
finger, the counterpart would be the left index finger and the 
prosthetic skin would be the outer layer of the prosthetic 
device. In another embodiment of the present invention, the 
original limb may not even be the patients, Such as when a 
patient is missing both arms. In that case, the first data Set 
can be acquired from an arm of another perSon of desirable 
Size and shape. 
0055. In step 154, a 3D composite data set is synthesized 
from the first data Set. AS described above, Synthesis may 
result in a composite data Set that is reversed relative to the 
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first data set. As also already described above, the 3D 
composite data Set may be Synthesized by bump mapping, or 
embossing, a 3D data Set with a high resolution 2D data Set, 
or by any other technique that combines two or more data 
Sets. Synthesis may also include processing a 3D composite 
data Set by adding one or more cosmetic details to the first 
data Set. However, regardless of how the 3D composite data 
Set is Synthesized, the Surface resolution of the first data Set 
according to this aspect of the invention, must be Substan 
tially maintained in the composite data Set. Synthesis of a 3D 
composite data Set in Step 154 should also include adding 
mold information as described above. 

0056. After a 3D composite data set is synthesized in step 
154, the composite data Set is provided to a digitally 
controlled fabrication device in step 156. A digitally con 
trolled fabrication device is any fabrication apparatus that 
can accept as input a data Set that depicts the prosthetic skin 
and can make a mold of the skin. Examples of digitally 
controlled fabrication devices that can be used according to 
this invention include, but are not limited to, fused deposi 
tion modeling devices, Stereo lithographic devices, 3D elec 
troforming Systems, laminated object manufacturing Sys 
tems, Solid ground curing devices, and 3D printing devices. 
0057. After providing a composite data set to the fabri 
cation device in Step 156, a negative mold is fabricated in 
step 158. FIG. 5 shows a longitudinal cross-section of a 
preferred embodiment of a mold fabricated according to this 
invention. Mold 500 preferably includes three components: 
lining 510, matrix of structural elements 520, and investing 
material 530. Inner surface 511 of lining 510 is the portion 
of mold 500 that contains the high resolution information of 
the composite data Set that is used to make a prosthetic skin. 
Lining 510 may be any high resolution molding material, 
Such as epoxy. One type of epoxy that may be used in 
accordance with this invention is available under model No. 
SL5195, sold by the Ciba Speciality Chemicals Corporation, 
of Los Angeles, Calif. The material used to make the mold, 
including the lining, must be capable of withstanding the 
temperatures used to cure the prosthetic material. 
0058 As discussed above, matrix 520 preferably includes 
multiple tubular elements that can be invested, or filled, with 
investing material 530. FIG. 6 shows a planar view of mold 
500 before it is fully invested. Upper portion 550 of mold 
500 shows the honeycomb structure formed by matrix 520 
before being filled with investing material. Lower portion 
540 of mold 500 shows the outer Surface of the mold after 
the honeycomb Structure is filled with investing material. 
0059) The negative mold fabricated in step 158 may be 
fabricated directly or indirectly. Indirect fabrication involves 
fabricating a positive mold, Such as with a polymer wax 
material, and then fabricating a negative mold from the 
positive mold. One device capable of fabricating a positive 
mold with a polymer wax material is available under the 
trademark Acturn 2100(R) Modeler, sold by 3D Designs, of 
Valencia, Calif. Preferably, the material used to fabricate the 
negative mold is an epoxy, a phenolic resin, Silicone, or an 
electroformed metal. 

0060. As shown in FIGS. 4-6, direct fabrication of a 
negative mold can include building a matrix of hollow 
Structural elements that Substantially conform to the outer 
Surface of the prosthetic device to be made and investing the 
matrix with a matrix investing material. Preferably, the 
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matrix investing material is a metal-epoxy resin, but can be 
any liquid capable of hardening in the matrix and capable of 
withstanding the temperatures used to cure the Skin in Step 
160. 

0061. After the mold is fabricated, a prosthetic skin may 
be fabricated by coating a lining of the mold with at least one 
coat of Silicone material. The coat may be a Single thick coat 
or any number of thinner coats that together form a coat of 
desired thickness. In any case, the coat will include a first 
Surface that Substantially contacts the lining of the mold and 
a Second Surface that does not Substantially contact the 
lining. Silicone material (Such as the one sold under model 
No. Med. 6410 by Nu-Sil Technology of Carpinteria, Calif., 
or any other Silicone material having Substantially similar 
physical properties) is a preferred prosthetic material, how 
ever, any other material capable of providing a high reso 
lution reproduction of the lining Surface may be used. 
0062) The coating process preferably includes at least 
four StepS-depositing, degassing, drying, and curing the 
material. Depositing the material may include pouring or 
Spraying the material in liquid form onto the lining of the 
mold. Degassing involves removing volatile gases, includ 
ing organic Solvents, that normally are emitted by the 
material during hardening. Degassing may be achieved by 
applying a vacuum to the material before or after the 
material is deposited on the lining of the mold. If degassing 
is performed before the mold is coated, the vacuum may be 
applied to the vessel containing the material. If degassing is 
performed after the mold is coated, a vacuum may be 
applied through a port of the mold. The Strength of the 
vacuum is not critical, but preferably less then about 30 bars. 
After a prosthetic material (Such as Silicone) is used to coat 
the mold surface, it may be dried while the mold is rotated. 
Rotation of the mold causes the material to flow evenly 
acroSS the Surface of the mold So that the prosthetic skin can 
harden with a substantially uniform thickness. After the 
material is at least Substantially dried, the material may be 
cured, Such as by heating it to a temperature above room 
temperature. AS already described above, the mold must be 
capable of withstanding the temperature used to cure the 
prosthetic material. Thus, if a mold is made of an epoxy, 
Such as Ciba Speciality Chemicals Corporation's epoxy 
model No. SL5195, the preferred curing temperature is less 
than about 400 F., and most preferably less than about 375 
F. 

0.063. When the coat of silicone material includes two or 
more constituent coats, those constituent coats may have 
different compositions. For example, the Silica concentration 
of one coat may be different from the concentration of 
another coat. So, if the skin includes two coats, the first coat, 
which contacts the mold lining, can have a first concentra 
tion of Silica, and the Second coat, which does not contact the 
mold lining, can have a Second concentration of Silica 
greater than the first coat. One reason that it may be desirable 
to increase the concentration of Silica in the Second coat is 
that a high concentration of Silica may improve the bond 
between the skin and the material used to fill the prosthetic 
skin, especially when the fill material is Silicone-based. 
Another method of improving that bond is to roughen the 
Surface. Some of the possible ways that the Surface may be 
roughened include abrading, etching, brushing, or Sandblast 
ing the Surface. 
0064. After the skin is properly cured, the method 
according to one aspect of the invention includes removing 
the skin from the mold and finishing the skin by adding color 
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to the inner Surface of the skin, Such as by painting it. The 
inner Surface of the Skin refers to the Surface of the pros 
thetic skin that faces toward the inside of the prosthetic 
device. The Step of adding color to the inner Surface may 
include adding any naturally occurring feature (e.g., freck 
les) or artificial feature (e.g., a tattoo). 
0065. In addition to adding color, the method according 
to this invention may include inserting an armature (e.g., a 
structural element) into the skin and filling the skin with a fill 
material, Such as Silicone or urethane foam. In this way, a 
complete prosthetic device can be made. 
0066. Thus it is seen that a method for reproducing a 3D 
Surface, Such as a prosthetic Skin, is provided. The method 
involves acquiring at least one data Set having a Surface 
resolution of at least about 0.1 mm', synthesizing a 3D 
composite data Set by orienting an image that corresponds to 
the data Set, and making an accurate reproduction with the 
composite data Set. One skilled in the art will appreciate that 
the present invention can be practiced by other than the 
described embodiments, which are presented for purposes of 
illustration and not of limitation, and the present invention 
is limited only by the claims which follow. 

I claim: 
1. A method for reproducing a 3D object Surface com 

prising: 
identifying a real object Surface having at least one 

measurable dimension; 
acquiring at least a 3D data set using a 3D imaging device, 

Said 3D data Set depicting Said object Surface; 
acquiring at least a 2D Second data set using a Second 

Surface imaging device, the Second data Set depicting 
Said object Surface and having a Surface resolution of at 
least about 0.1 mm ; 

Synthesizing a 3D composite data Set by orienting, rela 
tive to each other and without Substantial loss of Said 
Surface resolution, a first Virtual image of Said first data 
Set and a Second virtual image of Said Second data Set 
to form a composite virtual image, Said composite 
Virtual image corresponding to Said composite data Set; 
and 

making a reproduction of Said object Surface with Said 
composite data Set. 

2. The method of claim 1 wherein said acquiring said 3D 
data Set comprises: 

building a negative mold of Said object Surface; 
building a positive mold of Said real object Surface using 

Said negative mold; and 
accumulating Said 3D data Set depicting Said positive 
model Surface. 

3. The method of claim 2 further comprising depositing a 
highly reflective coat on Said positive mold before Said 
accumulating. 

4. The method of claim 2 wherein said building said 
negative mold comprises impressing Said object in a mold 
able material Selected from a group consisting of an RTV 
molding material and an alginate. 

5. The method of claim 1 wherein said acquiring said 3D 
data Set comprises Scanning Said object Surface with Said 3D 
imaging device Selected from a group consisting of a laser 
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measuring device, a Stereoscopic measuring device, a polar 
ization measuring device, and an ultraSonic measuring 
device. 

6. The method of claim 5 wherein said acquiring said 2D 
data Set comprises accumulating Said 2D data Set by pho 
tographing Said object with a digital camera, Said 2D data Set 
having at least gray Scale information. 

7. The method of claim 5 wherein said acquiring said 2D 
data Set comprises: 

photographing Said object with an analog camera to create 
an analog photograph; and 

digitizing Said analog photograph to create Said 2D data 
Set depicting Said photograph, Said 2D data Set having 
at least gray Scale information. 

8. The method of claim 5 wherein said acquiring said 2D 
data Set comprises: 

making a drawing by an artist; and 
digitizing Said drawing to obtain Said 2D data Set depict 

ing Said drawing, Said 2D data Set having at least gray 
Scale information. 

9. The method of claim 5 wherein said acquiring said 2D 
data Set comprises: 

tracing Said real object to obtain a projected outline; and 
digitizing Said outline to obtain Said 2D data Set depicting 

Said outline. 
10. The method of claim 5 wherein said acquiring said 2D 

data Set comprises: 
photographing Said object to obtain a projected outline; 

and 

digitizing Said outline to obtain Said 2D data Set depicting 
Said outline. 

11. The method of claim 5 further comprising measuring 
Said object with a tape measure to obtain Said at least one 
measurable dimension. 

12. The method of claim 5 wherein said synthesizing 
comprises reversing at least one of Said data Sets So that Said 
making Said reproduction comprises making a reverse repro 
duction. 

13. The method of claim 12 wherein said reversing 
comprises reversing Said composite data Set. 

14. The method of claim 5 further comprising synthesiz 
ing a composite data Subset that depicts a portion of Said 
Surface of Said virtual image. 

15. The method of claim 14 wherein said synthesizing 
Said Subset comprises: 

Selecting Said portion of Said Surface of Said virtual image; 
and 

creating Said composite data Subset, Said Subset being 
Separately manipulatable from Said composite data Set. 

16. The method of claim 5 wherein said synthesizing said 
composite data Set comprises calibrating Said composite data 
Set with Said at least one measurable dimension. 

17. The method of claim 5 further comprising modifying 
a target data Set to include at least one cosmetic detail, Said 
target data Set being Selected from a group consisting of Said 
composite data Set and Said composite data Subset. 

18. The method of claim 17 wherein said modifying 
comprises modifying Said target data Set with a cosmetic 
detail Selected from a group consisting of a kinetic detail, an 
authentic detail, and a desired detail. 
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19. The method of claim 5 wherein said synthesizing 
comprises increasing a contrast level of a target data Set by 
deleting a middle portion of a gray Scale associated with Said 
target data Set, Said target data Set being Selected from a 
group consisting of Said at least Said 3D data Set, Said at least 
Said 2D data Set, and Said composite data Set. 

20. The method of claim 5 wherein said synthesizing 
comprises establishing a Substantially uniform contrast level 
in Said composite data Set. 

21. The method of claim 5 wherein said synthesizing 
comprises adding mold information to Said composite data 
Set for fabricating a mold for making Said reproduction, Said 
mold information including mold structure information and 
mold thickness information. 

22. The method of claim 21 wherein said adding mold 
information comprises orienting a matrix of Virtual Struc 
tural elements relative to Said virtual composite image. 

23. The method of claim 22 wherein said synthesizing 
comprises amending Said composite data Set So that a 
portion of Said virtual image Surface is adapted to accurately 
conform to a different virtual. Surface. 

24. The method of claim 23 wherein said real object 
Surface includes at least a first real Surface and a Second real 
Surface, Said first real Surface being a Surface of a human 
limb and Said Second real Surface being a Surface of a 
counterpart Stump. 

25. A method for making a prosthetic skin for covering a 
prosthetic device that replaces a missing limb that attaches 
to a Stump, Said method comprising: 

acquiring at least a first data Set with a Surface imaging 
device, Said first data Set depicting a Surface of an 
original limb and having a Surface resolution of at least 
about 0.1 mm ; 

Synthesizing a 3D composite data Set from Said first data 
Set, Said composite data Set depicting Said prosthetic 
skin without Substantial loSS of Said Surface resolution; 

providing Said composite data Set to a digitally controlled 
fabrication device, wherein Said fabrication device is 
Selected from a group comprising a fused deposition 
modeling device, Stereo lithographic device, 3D elec 
troforming System, a laminated object manufacturing 
System, a Solid ground curing device, and a 3D printing 
device; 

fabricating a negative mold with Said fabrication device 
using Said composite data Set, Said mold Substantially 
depicting Said prosthetic skin; and 

fabricating Said prosthetic skin with. Said mold. 
26. The method of claim 25 wherein said original limb is 

Said missing limb. 
27. The method of claim 25 wherein said original limb is 

a counterpart of Said missing limb, Said method further 
comprising reversing one of Said data Sets So that Said 
prosthetic skin Substantially corresponds to Said missing 
limb. 

28. The method of claim 25 wherein said fabricating said 
mold comprises fabricating a negative mold with a high 
resolution epoxy. 

29. The method of claim 25 wherein said fabricating said 
mold comprises: 

fabricating a positive mold with a polymer-wax, and 
fabricating a negative mold from Said positive mold using 

a material Selected from a group consisting of an epoxy, 
a phenolic resin, Silicone, and an electroformed metal. 
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30. The method of claim 25 wherein said fabricating said 
negative mold comprises: 

building a lining that has the negative shape of Said 
prosthetic skin; 

building a matrix of hollow Structural elements according 
to Said composite data Set, and 

investing Said matrix with a matrix investing material. 
31. The method of claim 30 wherein said lining has a 

thickness between about 2 mm and about 10 mm. 
32. The method of claim 30 wherein said matrix has a 

thickness of between about 1 mm and about 10 mm. 
33. The method of claim 30 wherein said investing 

comprises investing Said matrix with a metal-epoxy resin. 
34. The method of claim 30 wherein said fabricating said 

skin comprises coating Said lining with at least one coat of 
Silicone material, Said at least one coat having a first Surface 
that Substantially contacts Said lining and a Second Surface 
that does not Substantially contact Said lining. 

35. The method of claim 34 wherein said coating com 
prises: 

coating Said lining with at least a first coat of Silicone 
material that contacts Said lining, and 

coating Said first coat with at least a Second coat of 
Silicone material that Substantially does not contact Said 
lining, Said Second coat having a Silica concentration 
greater than Said first coat. 

36. The method of claim 34 wherein said coating com 
prises: 

depositing Said coat on Said lining; 

degassing Said Silicone material; 

drying Said coat while rotating Said mold to ensure that 
Said prosthetic skin has a Substantially uniform thick 
neSS, and 

curing Said coat by heating it above room temperature. 
37. The method of claim 34 further comprising roughen 

ing Said Second Surface of Said coat. 
38. The method of claim 34 further comprising: 
removing Said prosthetic skin from Said mold; and 

finishing Said Skin by adding color to an inner Surface of 
Said at least one coat. 

39. The method of claim 38 further comprising: 
inserting an armature inside Said prosthetic skin; and 

filling Said prosthetic skin with a fill material Selected 
from a group consisting of Silicone or urethane foam. 

40. The method of claim 25 further comprising depositing 
medical grade material on a portion of Said prosthetic skin 
that contacts Said Stump. 

41. A reproduction of a real object Surface having a 
Surface resolution of at least about 0.1 mm2, Said reproduc 
tion being made according to a method comprising: 

identifying a real object Surface having at least one 
measurable dimension; 

acquiring at least a 3D data set using a 3D imaging device, 
Said 3D data Set depicting Said object Surface; 
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acquiring at least a 2D Second data set using a Second 
Surface imaging device, the Second data Set depicting 
Said object Surface and having a Surface resolution of at 
least about 0.1 mm2; 

Synthesizing a 3D composite data Set by orienting, rela 
tive to each other and without Substantial loss of Said 
Surface resolution, a first Virtual image of Said first data 
Set and a Second virtual image of Said Second data Set 
to form a composite virtual image, Said composite 
Virtual image corresponding to Said composite data Set; 
and 

making the reproduction of Said object Surface with Said 
composite data Set. 

42. The reproduction of claim 41 wherein Said acquiring 
Said 3D data Set comprises: 

building a negative mold of Said object Surface; 
building a positive mold of Said real object Surface using 

Said negative mold; and 
accumulating Said 3D data Set depicting Said positive 
model Surface. 

43. The reproduction of claim 41 wherein Said acquiring 
Said 2D data Set comprises: 

accumulating by photographing Said object with a digital 
camera, Said 2D data Set having at least gray Scale 
information. 

44. The reproduction of claim 41 wherein Said acquiring 
Said 2D data Set comprises: 

photographing Said object with an analog camera to create 
an analog photograph; and 

digitizing Said analog photograph to create Said 2D data 
Set depicting Said photograph, Said 2D data Set having 
at least gray Scale information. 

45. The reproduction of claim 41 wherein Said acquiring 
Said 2D data Set comprises: 

making a drawing; and 
digitizing Said drawing to obtain Said 2D data Set depict 

ing Said drawing, Said 2D data Set having at least gray 
Scale information. 

46. The reproduction of claim 41 wherein Said acquiring 
Said 2D data Set comprises: 

tracing Said real object to obtain a projected outline, and 
digitizing Said outline to obtain Said 2D data Set depicting 

Said outline. 
47. The reproduction of claim 41 wherein Said acquiring 

Said 2D data Set comprises: 
photographing Said object to obtain a projected outline; 

and 

digitizing Said outline to obtain Said 2D data Set depicting 
Said outline. 

48. The reproduction of claim 41 wherein said synthesiz 
ing comprises: 

reversing at least one of Said data Sets So that Said 
reproduction is a reverse reproduction. 

49. The reproduction of claim 48 wherein said reversing 
comprises reversing Said composite data Set. 

50. The reproduction of claim 48 wherein said real object 
Surface includes at least a first real Surface and a Second real 
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Surface, Said first real Surface being a Surface of a human 
limb and Said Second real Surface being a Surface of a 
counterpart Stump. 

51. The reproduction of claim 41 wherein said reproduc 
tion has at least one cosmetic detail, and wherein Said 
method further comprises: 

modifying a target data Set to include Said at least one 
cosmetic detail, Said target data Set being Selected from 
a group consisting of Said composite data Set and a 
composite data Subset. 

52. A prosthetic Skin reproduction having a Surface reso 
lution of at least about 0.1 mm2 for covering a prosthetic 
device that replaces a missing limb and that attaches to a 
Stump, Said skin being made according to a method com 
prising: 

acquiring at least a first data Set with a Surface imaging 
device, Said first data Set depicting a Surface of an 
original limb and having a Surface resolution of at least 
about 0.1 mm2; 

Synthesizing a 3D composite data Set from Said first data 
Set, Said composite data Set depicting Said prosthetic 
skin without Substantial loSS of Said Surface resolution; 

providing Said composite data Set to a digitally controlled 
fabrication device, wherein Said fabrication device is 
Selected from a group comprising a fused deposition 
modeling device, Stereo lithographic device, 3D elec 
troforming System, a laminated object manufacturing 
System, a Solid ground curing device, and a 3D printing 
device; 

fabricating a negative mold with Said fabrication device 
using Said composite data Set, Said mold Substantially 
depicting Said prosthetic skin; and 

fabricating Said prosthetic skin with Said mold. 
53. The skin of claim 52 wherein said original limb is said 

missing limb. 
54. The skin of claim 52 wherein said original limb is a 

counterpart of Said missing limb, said method further com 
prising reversing one of Said data Sets So that Said prosthetic 
skin Substantially corresponds to Said missing limb. 

55. The skin of claim 52 wherein said fabricating said 
mold comprises fabricating a negative mold with a high 
resolution epoxy. 

56. The skin of claim 52 wherein said fabricating said 
mold comprises: 

fabricating a positive mold with a polymer-wax, and 
fabricating a negative mold from Said positive mold using 

a material Selected from a group consisting of an epoxy, 
a phenolic resin, Silicone, and an electroformed metal. 

57. The skin of claim 52 wherein said fabricating said 
negative mold comprises: 

building a lining that has the negative shape of Said 
prosthetic skin; 

building a matrix of hollow Structural elements according 
to Said composite data Set, and 

investing Said matrix with a matrix investing material. 
58. The skin of claim 57 wherein said building a lining 

comprises building a lining having a thickness between 
about 2 mm and about 10 mm. 
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59. The skin of claim 57 wherein said building a matrix 
comprises building a matrix having a thickness of between 
about 1 mm and about 10 mm. 

60. The skin of claim 57 wherein said investing comprises 
investing Said matrix with a metal-epoxy resin. 

61. The skin of claim 57 wherein said fabricating said skin 
comprises coating Said lining with at least one coat of 
Silicone material, Said at least one coat having a first Surface 
that Substantially contacts said lining and a Second Surface 
that does not Substantially contact Said lining. 

62. The skin of claim 61 wherein Said coating comprises: 
coating Said lining with at least a first coat of Silicone 

material that contacts said lining, and 
coating Said first coat with at least a Second coat of 

Silicone material that Substantially does not contact Said 
lining, Said Second coat having a Silica concentration 
greater than Said first coat. 

63. The skin of claim 61 wherein Said coating comprises: 
depositing Said coat on Said lining, 
degassing Said Silicone material; 
drying Said coat while rotating Said mold to ensure that 

Said prosthetic skin has a Substantially uniform thick 
neSS, and 

curing Said coat by heating it above room temperature. 
64. The skin of claim 61 wherein said method further 

comprises roughening Said Second Surface of Said coat. 
65. The skin of claim 61 wherein said method further 

comprises: 
removing Said prosthetic skin from Said mold; and 
finishing Said skin by adding color to an inner Surface of 

Said at least one coat. 
66. The skin of claim 65 wherein said method further 

comprises: 
inserting an armature inside Said prosthetic skin; and 
filling Said prosthetic Skin with a fill material Selected 

from a group consisting of Silicone or urethane foam. 
67. The skin of claim 52 wherein said method further 

comprises depositing medical grade material on a portion of 
Said prosthetic skin that contacts said Stump. 

68. A prosthetic limb for a patient, Said patient having a 
first limb and a counterpart Stump that corresponds to a 
missing limb, said prosthetic limb being for replacement of 
Said missing limb and attachment to Said Stump, Said pros 
thetic limb comprising: 

a prosthetic device; 
a prosthetic skin for covering Said prosthetic device, Said 

prosthetic skin being Substantially a mirror image of 
said first limb. 

69. The limb of claim 68 wherein said skin has a Surface 
resolution of at least about 0.1 mm2. 

70. The limb of claim 68 wherein said skin has a cosmetic 
detail that is different from said first limb. 

71. The limb of claim 68 wherein said prosthetic limb is 
Selected from a group comprising an arm, any part of an arm, 
a leg, and any part of a leg. 

72. The limb of claim 68 wherein said prosthetic limb is 
without Seams. 


