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Abstract

The project involves the improvement the connecting mechanism and substructure for
implant-retained finger prosthesis. The current slip-cover device that holds the prosthetic by
suction fails to function as areal finger, thus new prosthetic implantation approach is preferred.
The proposed prototype consists of the Allen wrench connecting mechanism and the Solid Works
displaying the spring-loaded mechanical joint sub structure. The design indicates that the
implant-retained finger prosthesis has a stronger connection mechanism, and is able to regain
certain original functionality.
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Problem statement

The main focus of our project isto create a connecting mechanism that will improve upon the
functionality of prosthetic fingers. Currently, in the United States the only FDA approved
connecting mechanism is aslipcover devicethat is held onto the amputated finger through suction.
The current suction mechanism of prosthetic fingers has little to no practical function. We want to
add functionality to the prosthetic without making it any less aesthetically pleasing. In other
countries osseointegration, a procedure similar to that of dental implants, is used for prosthetics.
Osseointegration will be the basis of our design, where a metal abutment will be fused with the
remaining bone of the amputated finger. Building off of this, we will need to propose an ideafor a
better connecting mechanism and a better substructure.

Background
Problem motivation

Thefina deviceis expected increase the motility and functionality of the implant-retained
finger prosthesis compared to the current model. The incorporation of a new substructureis
expected to improve prosthetic motility. The enhanced connecting mechanism should alow the
patients to easily remove and clean their prosthesis. By coming up with this new device, and
involving a surgeon in our work, we hope to raise awareness to the FDA to pass more finger
prosthesis.

Clinical problem
Itishighly probablethat a simple accident that will cause oneto have alife-long lasting effect.
Aninjury such asaloss of onefinger is considered as asignificant functional, life-long deficiency
(Michael & Buckner 1994). One way to restore the functionality of thelost digit isby replacing the
amputation with prosthesis. According to Michael & Buckner (1994), prosthesis can restore a
near-normal function of the original finger. More over, as long as 1cm of the mobile phalanx
remains at the amputated region, the restoration of active grasp finger isfeasible (ibid.).

Traditional prosthetic finger

The traditional method of prosthesisis replacing the lost finger with an artificial digit. The
artificial digit is made of silicone elastomer, which its chemical name is polysiloxane. Silicone
elastomer of a prosthetic finger is sculpted custom made to suit every individual. Multiple layers
of clear silicone overlap each layer, and the flesh-like color is gradually added to customize the
skin color for the patient (ibid.). Since silicone is a high chemically stable material, it has ahigh
overall durability and stain resistance relative to any other current finger prosthesis material
(ibid.).




The adhesive vacuum allows the prosthesis to remain on the finger. Other medical adhesions
are provided to enhance the adhesiveness. Decorative rings near finger joints are also used to
cover up the margin between the amputation and the prosthesis. However, this type of weak
adhesion force often results in missing prosthesis, since the prosthesis has a high tendency to be
released from the amputation. Moreover, this poor adhesive ability limits the force that the
prosthesis could withstand before detachment. Thus, pure silicone elastomer prosthetic finger has
mainly cosmetic purposes and low functionality.

Implant-retained finger prosthesis

A second prosthetic mechanism called implant-retained prosthesis is introduced to solve the
problems of simple silicone prosthesis. This method was originaly used in Australia, Europe, the
UK and South Africa (meeting with G. Gion, 2007). A metal piece isinserted and then implanted
into the terminal bone of the amputation, which is called osseointegration. This metal abutment
insertion provides a more solid anchor to which the silicone elastomer attachesto. This
attachment isrelatively stronger than pure vacuum adhesion, which allows the patient to exert
more force with the prosthesis. Thus, implant-retained has a higher prosthesis functionality, which
could possibly regain the confidence of the patients.

Osseointegration

Osseointegration is the attachment method used in implant-retained prosthesis. It was
originally discovered by Per-Ingvar Branemark in his research, which studied blood flow in rabbit
bone (Fairley 2006). By the end of his study, atitanium (Ti) implant chamber used in the study
tightly integrated with the rabbit bone (ibid.). The discovery of meta integrating into the bone
(osseointegration = bone-integration) was then used in other medical fields, such as dentistry
fixation and maxillofacial reconstruction (Aydin et al. 2007). Two surgeries are required for a
complete osseointegration implantation. The first surgery involves the implantation of aTi
abutment into the remaining skeleton at the amputation (Fairley 2006). The surgery wound would
heal after approximately 3 to 6 months depending on the wound size (ibid.). After healing, the
wound is then re-exposed with the Ti bolt attached to the bone. Finally the silicone elastomer
segment is attached to the Ti bolt (ibid.).

Design Constraints

Due to the necessity for osseointegration, the implanted abutment will be made out of ametal
like titanium which will fuse with the digit bone. The outer prosthetic silicone skin must be
anti-corrosive and non-toxic to allow the patient use of this prosthetic finger for things like eating
and grooming. Furthermore, the entire prosthetic must be easy to disassemble and clean for




hygienic purposes, as well asfor the ease and comfort of the patient. In order to maintain visual
consistency with the real hand parts, the prosthetic must have similar properties of areal finger
such as size, weight, and shape. This requires that the substructure created will be small enough
that the prosthetic outer skin will easily cover and conceal any protruding edges and abnormal
features of the substructure. The prosthetic finger, together with the substructure and outer
prosthetic skin, must be able to withstand weathering, temperature variations, and forces normally
experienced by a human finger.

Current device

Our client usesthe only FDA approved device in hiswork, which is a silicone elastomer cover.
This method involves a slip-cover that holds the prosthetic on by suction. The slip-cover is placed
over therigid substructure. Although this device allows the prosthetic to look and feel exactly like
areadl finger, theinternal substructureisrigid, so the patient is unable to mimic normal hand
movement.

Competition
Currently, there are methods being used in other countries to retain finger prosthetics through

implants, as well as an interest group in Minnesota. There are several companies that design
implant-retained substructures. The current design of aslip-cover is mostly for looks, and has
little to no motility. Despite not having approval in the United States, there are other devices used
in other countries that could count as international competition.

The X-Finger, avery advanced prosthesis, only involves human work, rather than robotic work to
function. It is made out of steel and blue plastic, allowing the patient to play golf or lift objects.
The mechanism amost flawlessly mimics normal hand movement by using the remaining part of
the digit to contract and retract the finger. Despite the high functionality of thisdevice, it is
extremely costly (thousands of dollars per digit) and it only works when part of the finger
remains.

Alter nate connection design descriptions
Four aternative designs to connect terminal bone to the prosthesis were proposed. All these
designsinvolve an installation of atitanium abutment into the terminal bone via osseointegration.

(DSN#1)-Screw n Clip

Thefirst design was aptly named the Screw n Clip mechanism, which functions with the
installation of a spring-loaded shaft in the terminal end of the titanium osseointegrated abutment
with peripheral clip wells. The prosthesis threaded terminal end is screwed into the threaded well
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while the lateral clips are aligned with the clip wells.
Once the prosthesis has been fully screwed in, the clips
are pinched and the prosthesis is pushed downwards
into the spring-loaded shaft. The clips are then rel eased
simultaneously with the prosthesis and the mechanism
will lock into position (Figure 1).

This design was devel oped to provide a smooth, tight fit +
between the prosthesis and terminal bone that was both
structurally stable and could resist alarge amount of

external shear and normal forces. However, the

downside to this mechanism is that the terminal Figure 1: Screw n Clip mechanism
abutment shaft would be hard to install dueto its

complicated construction while the prosthesis could prove a challenge to remove.

(DSN#2)-Magnet and Clip

The second design called the Magnet and Clip

mechanism, functions with the installation of asimple

titanium osseointegrated abutment with periphera clip

wells. The prosthesis magnetic termina end is aligned = ¢=,
and attached to the oppositely magnetized well in the
abutment, while the lateral clips are aigned, pinched and
inserted into the clip wells. Once the magnet and clips
have been properly inserted, the clips are released
simultaneously to lock the mechanism into position
(Figure 2).

The function of this design was to provide a smooth,
aesthetic fit in conjunction with a simple construction
and easy to install and remove mechanism that could

resist asmall amount of

Figure 2: Magnet and Clip mechanism

external forces. However, the downside to this mechanism is that

prosthesis would have arather low resistance to shear and normal
forces, resulting in the prosthesis being more subject to falling off
becauseit is less structurally stable.

e =

(DSN#3)-Allen Wrench

Figure 3: Allen Wrench

mechanism



Thethird design Allen Wrench mechanism functions with the installation of asimple titanium
osseointegrated abutment that extends beyond the length of the terminal bone and isfitted with a
slot. The prosthesis terminal end has asimilar slot and acts as a shaft for the abutment, whereby
the prosthesis end is dlid over the abutment and the slots are aligned. Once aligned, abolt is
inserted between the slots and is tightened with an Allen Wrench to lock the mechanism into
position (Figure 3).

The function of this design was to provide a solid fit that had an easy to install and remove
mechanism and could resist alarge amount of external forces. However, the downside to this
mechanism is that the prosthesi s has a non-uniform structure and thus could interfere in designsto
make the prosthetic more natural looking. The construction for this design might be somewhat
complicated and the removal of the prosthesis could pose a difficulty, should the Allen Wrench be
misplaced.

(DSN#4)-Reverse Screw n Clip

The fourth designisthe Reverse Screw n Clip
mechanism, which functions with the installation of a
simple titanium osseointegrated abutment that extends

beyond the length of the termina bone with aflared, @ | %
conical tip. The prosthesis terminal end has two %E b
spring-loaded buttons with two valves that act to allow !

insertion of the abutment as long as the buttons are 1,

depressed. Once, inserted, the pressure applied to the
buttons is released to hold and lock the mechanism into
position (Figure 4).

The function of this design was to provide a smooth, tight
fit that was both easy to remove and could resist alarge
amount of external forces. However, the downside to this
mechanism is that the prosthesis termina end is hard to
install because of its complicated construction and small parts. Furthermore, the construction for
this design might be structurally unstable because the mechanism is top heavy with respect to the
terminal bone abutment, resulting in increased loading of the connection. If the loading is too
gredt, resistance to external forces may decrease and difficultiesin lifting the finger with the
attached prosthesis may be observed.

Figure 4: Reverse Screw n Clip

mechanism



Alter nate substructure design descriptions

The purpose of the substructure isto regain some functionality and motility of the finger. The
substructure can be secured to the osseointegrated abutment by one of the previous attachment
designs. Thelife-like prosthetic silicone skin will cover the substructure, which will represent the
bones of the prosthetic finger.

(DSN#5)-Spring-L oaded Sac
The first substructure design was named the
Spring-Loaded Sac, which describes the connection %
between two solid bone-like segments. Thejoint is
supported by two or more elastic fibers on the front and %
back sides of the hand, to allow passive displacement of
the prosthetic finger in terms of flexion and extension.
The spring located in the center of this design returns
the displaced prosthetic to arelaxed angle that is
realistic for afinger at rest (Figure 5).
The purpose of this design was to create a moveable Figure5: Spring-loaded sac mechanism
joint that allowed passive flexion and expansion while
providing some amount of passive resistance. The difficulties that come up with this design
include assembling small parts that are elastic enough to withstand force without tearing, yet
plastic enough to naturally react to normal finger forces.

(DSN#6)-Mechanical Joint with Spring
The next substructure design aternative is called the

% Mechanical Joint with Spring. This design describ es around
joint casing attached to the unmovable portion of the finger
prosthetic, and an enclosed round joint that connects to the

J distal end of the substructure. The outer joint casing has

built-in mechanica limits asto how far the prosthetic can

undergo flexion and extension. Thejoint itself will also include
Figure6: Mechanical iointwithspring @ SPring to resist norma finger forces while the substructure
mechanism passively displaces (Figure 6).

The function of this design isidentical to the previous substructure design: to allow passive
displacement while exhibiting normal finger-like resistance. The difficulties of thisdesign include
assembling small enough parts which maintain typical relaxed finger properties, including limits
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of flexion and extension.

(DSN#7)-Hat Piece

The third substructure design aternative, named ssimply the
flat piece, consistsof asturdy, flat piece of m etal or
dental acrylic that isfirmly connected to the implanted
abutment and bent at anatural angle of afinger at rest. The
shape of this design leaves no room for rotational
movement of the prosthetic skin when its cross-sectional
areais comprised of asmall height and large width. There
are no moving partsto this design, so agreat deal of
gripping force can be produced by the living portion of the
finger (Figure 7)

Figure 7: Flat Piece mechanism

The purpose of this design isto provide a cheap, simple, and realistic look of arelaxed finger
while allowing no movement for maximum gripping force. The problems with this design include
alarge amount of wear and tear experienced by the prosthetic skin, as well as no realistic

movement of the prosthetic finger.

(DSN#8)-Articulation Mechanism

Thefina design aternative, called the Articulation
Mechanism, consists of movable parts that undergo
active flexion when the entire wrist is flexed. Small
straps are fastened to the distal end of the
substructure, wound around the underside of the
mechanica joints, brought around to the backside of
the hand, and fastened down by the wrist. When the
wrist undergoes flexion, the straps are pulled taught
and the substructure exhibits active displacement in

terms of finger flexion. When the wrist is aligned Figure 10: Articulation Mechanism

longitudinal to the forearm, no tension existsin the

straps and the finger is able to undergo passive displacement (Figure 8).

The purpose of this design isto create a substructure that fits beneath a prosthetic skin and allows
active displacement and gripping force when the wrist is flexed. The problems with this design
include creating something so complex without falling apart, as well as difficulties involved with
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having straps fastened to the wrist that do not look natural.

Final design
Prototype Fabrication

After careful consideration of functionality, practicality of implementation given the restraints
of time, budget and materials, for each of our design ideas, a specific substructure, connection
device combination was chosen. This combination was fabricated as a physica prototype along
with two intermediary prototypes showing the abutment installation and the intended connection
mechanism. In addition, a 3D simulation of the final prototype was constructed in Solidworks
computer software.

Thefina design prototype was constructed such that it modeled the left ring finger of an
actual customer of our client. A casting mold was provided for insertion angle and finger segment
length references to aid in the construction of the prototype. The first step of the prototype
fabrication was to install asmall titanium temporary abutment provided by our client into a
molded acrylic bone made from dental acrylic. Denta acrylic finger models are shown in (Figure
9) below. Since actual bone was not used, it was assumed that the dental acrylic used was
somewhat similar to bone and therefore the installed abutment represented the whole
osseointegrated portion of the prosthetic finger prototype. Due to the limitations of finding a
screw and drill bit small enough to compensate for the threaded well in the abutment, the
prototype plan of action had to differ alittle. Instead, the titanium abutment itself was installed
into a separate dental acrylic finger model to be exhibited as an intermediary prototype (Figure
10). For thefina prototype however, asted screw (screw head removed) was fixed into the dental
acrylic and fasted with superglue at an angle natural to the formation of afinger, thus the
osseointegrated portion of the prosthesis was represented by a screw jutting out from the terminal
bone abutment.

From left to right:

Figure9: Dental Acrylic finger models specific to real life customer of client

Figure 10: Intermediary Prototype of terminal bone with installed temporary titanium abutment
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Figure 11: Intermediary Prototype of Allen Wrench installatiosing bent galvanized metal sheet

For the connection mechanism, we decided uponAHert Wrench” idea and it was
implemented into our prototype through the use loéxagonal steel rod and a steel cover shaft
that installed flush over the rod and extended eveegment of finger. The Allen Wrench
mechanism was coupled (attached) with the screwysion from the dental acrylic via the
threaded steel hexagonal rod. However, due toattetiat the majority of the cover shafts
utilized were of hardened steel molds, the Allereli¢h could not be fully applied because the
hardened steel could neither be drilled throughcoibmith the machine shop equipment available
for us. Thus, a sheet of galvanized metal was ipémthe shape of a hexagonal cylinder that
could easily slide over and provide a tight seditfer the hexagonal rod. Through this, holes
orthogonal to the long axis of the shaft were stam#ously drilled and threaded into both the
folded sheet and hexagonal rod whereby a tiny serasvinserted to complete the Allen Wrench
(Figure 11). The final prototype implemented trase idea with an added polysiloxane covering
(Figure 12) for the purpose of coating the shajtae during the silicone casting process.

Figure 12: Final Prototype: Side Viewdft), Silicone Casting Removedégnte), Exposed Allen Wrenclright)

For the substructure, we wanted to emulate aslglasepossible thekeletal structure of a
finger chose to continue with the “spring-loadedchanical joint” as our final design. However,
in the interest of saving time and focusing ondbeelopment of the connection mechanism for
the prototype, a flat, yet somewhat stiff galvadipeetal sheet covered in the extended
polysiloxane layer used for the Allen Wrench wasdias a simplified representation of the
“spring loaded mechanical joint” as seen in Figl@dn other words, the ‘flat piece’ substructure
mechanism design was implemented for the currertotype fabrication for simplicity of
application reasons.

Prototype 3D Simulation in Solid Works
In order to enhance the understanding of our pypggtand provide the client with a 3-D
model in which he could show future surgeons, sé\&olid Works images of our prototype were
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