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AďstƌaĐt
Objecive: The puƌpose of this papeƌ is to briely desĐƌiďe
the iniial stages of ouƌ eforts toǁaƌds the deǀelopŵeŶt of
easǇ to ŵaŶufaĐtuƌe, loǁ-Đost, thƌee-diŵeŶsioŶal ;ϯDͿ
pƌiŶted prostheics. Speciically, heƌe ǁe desĐƌiďe the
desigŶ of aŶ uppeƌ-liŵď prostheic foƌ Ǉouths. WheŶ pƌiǀate
iŶsuƌaŶĐe aŶd puďliĐ fuŶdiŶg aƌe insuicient, inancial
ƌesouƌĐes aƌe limiing faĐtoƌs iŶ oďtaiŶiŶg ƋualitǇ
prostheics foƌ the aŵputee. The Ŷeed foƌ cost-efecive,
eĐoŶoŵiĐal soluions foƌ prostheics is paricularly
iŵpoƌtaŶt foƌ ĐhildƌeŶ iŶ that theǇ fƌeƋueŶtlǇ outgƌoǁ theŵ
aŶd Đosts aƌe prohibiively eǆpeŶsiǀe. Thus, ϯD pƌiŶted
prostheics ŵaǇ pose as a potenial soluion.

IŶ paƌallel to the aďoǀe objecive, addiive ŵaŶufaĐtuƌiŶg
;oƌ thƌee-diŵeŶsioŶal ;ϯDͿ prining) kŶoǁledge aŶd
tƌaiŶiŶg, ǁithiŶ the ƌapidlǇ gƌoǁiŶg ield of BioŵediĐal
EŶgiŶeeƌiŶg ;oƌ BMEͿ, is ďeĐoŵiŶg iŶĐƌeasiŶglǇ iŵpoƌtaŶt iŶ
that it ŵaǇ pƌoǀide soluions foƌ Ŷuŵeƌous ŵediĐallǇ-
ƌelated applicaions. As suĐh, it is imperaive that ϯD
prining eǆposuƌe ďe iŶĐoƌpoƌated, foƌ ƌeseaƌĐh-ďased, as
ǁell as experienial pƌojeĐt-ďased, ĐoŶteǆts.

Methods: Well-kŶoǁŶ ŵeĐhaŶiĐal desigŶ pƌoĐesses aŶd
ƋualitǇ funcion deploǇŵeŶt ǁeƌe iŵpleŵeŶted heƌe to
desigŶ a prostheic that Đould aid Ǉouths sufering fƌoŵ
uppeƌ-liŵď loss. Coŵputeƌ-geŶeƌated desigŶs ǁeƌe used to
iŶ conjuncion ǁith a CuďifǇ ϯD pƌiŶteƌ to Đƌeate the
prostheic haŶd ĐoŵpoŶeŶts.

Results: A siŵple, aĐĐessiďle, afordable desigŶ foƌ aŶ
uppeƌ-liŵď ǁas asseŵďled that Đosted oŶlǇ $Ϯϱ.

CoŶĐlusioŶs: IŶ the Ŷeaƌ-futuƌe, ĐoŵŵeƌĐiallǇ aǀailaďle ϯD
pƌiŶteƌs ŵaǇ ŵake deǀelopiŶg oŶe’s oǁŶ prostheics aŶ
easǇ to aĐĐoŵplish task ǁithiŶ theiƌ hoŵe eŶǀiƌoŶŵeŶt. IŶ
esseŶĐe, this pƌoĐess ǁould Đƌeate a ighter ĐoupliŶg
ďetǁeeŶ hoǁ a pƌoduĐt is ĐoŶĐeiǀed, deǀeloped, aŶd
ŵaŶufaĐtuƌed, as ǁell as alleǀiate Đosts.

KeǇǁoƌds: Addiive ŵaŶufaĐtuƌiŶg; Prostheics; ϯD
prining; Uppeƌ-liŵď; Aŵputee.

Introducion

The Ŷeed foƌ life-like, uppeƌ-liŵď prostheics foƌ
ĐhildƌeŶ

AppƌoǆiŵatelǇ ϭ.ϵ ŵillioŶ iŶdiǀiduals iŶ the UŶited “tates aƌe
ĐuƌƌeŶtlǇ liǀiŶg ǁith liŵď loss [ϭ], ǁith ǀeteƌaŶs aŶd ĐhildƌeŶ
ďeiŶg the leadiŶg ƌeĐipieŶts of prostheics. IŶ the UŶited “tates,
appƌoǆiŵatelǇ ϯϮ,ϱϬϬ ĐhildƌeŶ haǀe uŶdeƌgoŶe ŵajoƌ
amputaions aŶd ϭ,ϱϬϬ ĐhildƌeŶ aƌe ďoƌŶ ǁith uppeƌ-liŵď
reducions. As opposed to disease, uppeƌ-liŵď amputaions aƌe
tǇpiĐallǇ due to a traumaic eǀeŶt, iŶ that uppeƌ-liŵď
amputaions aĐĐouŶt foƌ ϲϵ% of tƌauŵa-ƌelated amputaions
aŶd ϱϴ% of ĐoŶgeŶital amputaions [Ϯ-ϰ]. Loǁeƌ-liŵď
amputaions aĐĐouŶt foƌ ϴϮ% of liŵď-loss aŶd aƌe tǇpiĐallǇ
ƌelated to ǀasĐulaƌ diseases ;e.g., haǀiŶg a defecive ďlood
supplǇ due to diaďetesͿ. The diabeic populaion aĐĐouŶts foƌ
appƌoǆiŵatelǇ ϴϬ,ϬϬϬ amputaions peƌfoƌŵed ǇeaƌlǇ aŶd those
ǁho haǀe alƌeadǇ had oŶe amputaion aƌe Ϯϴ to ϱϭ% ŵoƌe likelǇ
to haǀe a seĐoŶd amputaion ǁithiŶ ive Ǉeaƌs folloǁiŶg theiƌ
iniial amputaion [ϱ,ϲ]. Although liŵď loss afects ǀaƌious
populaions ;e.g., ǀeteƌaŶs, diabeic paients, aŶd ĐhildƌeŶͿ, the
deǀelopŵeŶt of prostheics foƌ ĐhildƌeŶ aŶd ǇouŶg adults is
espeĐiallǇ iŵpoƌtaŶt.

Due to theiƌ ƌapid gƌoǁth, ĐhildƌeŶ aŶd Ǉouths ƌeƋuiƌe
muliple prostheics. WheŶ aŶ adult is ited ǁith a prostheic,
gƌoǁth paterns aƌe relaively uŶĐhaŶgiŶg aŶd oŶlǇ iŶfƌeƋueŶt
adjustŵeŶts aƌe ƌeƋuiƌed. Hoǁeǀeƌ, foƌ a gƌoǁiŶg Đhild, the
diŵeŶsioŶs of a prostheic ƌeƋuiƌes Ŷeaƌ ĐoŶstaŶt adjustŵeŶt.
ChildƌeŶ ϭ-ϱ Ǉeaƌs of age Ŷeed a Ŷeǁ prostheic eaĐh Ǉeaƌ,
ĐhildƌeŶ ϱ-ϭϮ Ǉeaƌs old ƌeƋuiƌe a Ŷeǁ prostheic eǀeƌǇ ϭ-Ϯ Ǉeaƌs,
aŶd adolesĐeŶts to ǇouŶg adults ;i.e., iŶdiǀiduals aged ϭϮ-Ϯϭ
Ǉeaƌs oldͿ ŵust ďe ited foƌ a Ŷeǁ prostheic eǀeƌǇ ϯ-ϰ Ǉeaƌs [ϳ].
The Đost of uŶ-poǁeƌed, uppeƌ-liŵď prostheics ƌaŶge fƌoŵ
$ϰ,ϬϬϬ-$ϮϬ,ϬϬϬ [Ϯ]. Due to the high Đost of prostheics, aŶd the
ƌate at ǁhiĐh ĐhildƌeŶ, adolesĐeŶts, teeŶageƌs, aŶd ǇouŶg adults
outgƌoǁ theŵ, eĐoŶoŵiĐal aŶd aĐĐessiďle prostheics aƌe
Ŷeeded. BeĐause the fƌeƋueŶt Ŷeed foƌ newly-ited prostheics
aƌe ƌeƋuiƌed foƌ ĐhildƌeŶ aŶd ǇouŶg adults, ͞loǁ-teĐh͟ hooks
ǁith a ďasiĐ gƌaspiŶg ŵeĐhaŶisŵ aƌe tǇpiĐallǇ suggested foƌ
usage, hoǁeǀeƌ, these Đoŵe ǁith ŵajoƌ limitaions [ϴ,ϵ]. IŶ
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paricular, the hook ŵeĐhaŶisŵ is Ŷot aestheic, Ŷoƌ life-like,
aŶd theƌefoƌe uŶappealiŶg to the eŶd-useƌ ;aŵputeeͿ. Although
the hook ŵaǇ pƌoǀide the Đhild ǁith ;soŵeͿ added funcionality,
theǇ ǁill Ŷot use the ŵeĐhaŶisŵ. Oǀeƌ the past Ϯ.ϱ deĐades,
rejecion of all prostheics ǁas oďseƌǀed iŶ appƌoǆiŵatelǇ ϭ of
eǀeƌǇ ϱ iŶdiǀiduals ǁith uppeƌ liŵď deiciency [ϵ]. Hoǁeǀeƌ, ǁe
speĐulate that this Ŷuŵďeƌ ŵaǇ iŶ faĐt ďe eǀeŶ higheƌ ǁheŶ
liŵited to solelǇ the Đhild aŶd Ǉouth populaion. ChildƌeŶ oten
imes ǁould ƌatheƌ eǆpose theiƌ aŵputated liŵď thaŶ ǁeaƌ theiƌ
prostheic, aŶd theƌe aƌe oŶlǇ feǁ desigŶs that iŶĐoƌpoƌate the
aestheic aspeĐt. Despite the iŶĐƌeased funcionality ǁheŶ usiŶg
the prostheic, pƌeǀious studies haǀe shoǁŶ that as ŵaŶǇ as half
of ĐhildƌeŶ ited ǁith prostheics ǁould Đhose to Ŷot ǁeaƌ theiƌ
prostheics due to cosmeic ƌeasoŶs aŶd iŶ oƌdeƌ aĐhieǀe soĐial
integraion [ϭϬ,ϭϭ]. Theƌefoƌe, consideraion of aĐĐeptaŶĐe oƌ
rejecion ǁheŶ iing iŶdiǀiduals ǁith prostheics is of utŵost
iŵpoƌtaŶĐe. ChildƌeŶ, adolesĐeŶts, aŶd ǇouŶg adults, aƌe
deǀelopiŶg psǇĐhosoĐiallǇ ;as ǁell as phǇsiĐallǇͿ aŶd aƌe faĐed
ǁith the desiƌe to haǀe aĐĐeptaŶĐe fƌoŵ theiƌ peeƌs. Thus, the
ǁilliŶgŶess of the aŵputee to use theiƌ prostheic deǀiĐe is
soŵethiŶg to ďe espeĐiallǇ ŵiŶdful of ǁheŶ desigŶiŶg a
prostheic liŵď.

Residual liŵď Đaptuƌe ǀeƌsus ;ŶeǁͿ addiive
ŵaŶufaĐtuƌiŶg teĐhŶiƋues

A ĐoŵŵoŶ ŵethod of iing a ƌesidual liŵď foƌ a prostheic
iŶǀolǀes a negaive-plaster casing ďǇ a ŵediĐal pƌofessioŶal
[ϭϮ]. While the Đast is dƌǇiŶg, pƌessuƌe is applied iŶ speciic aƌeas
to eŶsuƌe ĐoƌƌeĐt load poiŶts. The negaive Đast is theŶ used to
Đƌeate a posiive Đast that is foƌŵed tǇpiĐallǇ usiŶg
theƌŵofoƌŵiŶg stǇƌeŶe oƌ a polǇuƌethaŶe liŶeƌ that is theŶ
joiŶed ǁith the ƌeŵaiŶdeƌ of the prostheic. Hoǁeǀeƌ, addiive
ŵaŶufaĐtuƌiŶg ;desĐƌiďed ďeloǁͿ ƌeduĐes the huŵaŶ interacion
that had ďeeŶ pƌeǀiouslǇ Ŷeeded foƌ the deǀelopŵeŶt of, foƌ
eǆaŵple, Đasted prostheics.

Addiive ŵaŶufaĐtuƌiŶg ;a pƌoĐess ďǇ ǁhiĐh digital ϯD data is
used to pƌiŶt a ĐoŵpoŶeŶt ďǇ ŵateƌial deposiion laǇeƌ ďǇ laǇeƌͿ
ofers the creaion of prostheic ĐoŵpoŶeŶts that ǁould
ĐouŶteƌaĐt soŵe of the huƌdles that Ǉouth, uppeƌ-liŵď
aŵputees eŶĐouŶteƌ ;e.g., Đosts, the fƌeƋueŶt Ŷeed foƌ ŶeǁlǇ-
sized prostheics, aŶd the desiƌe to haǀe funcional/realisic
prostheics). Coŵputeƌ-aided desigŶ ;CADͿ pƌogƌaŵs, addiive
ŵaŶufaĐtuƌiŶg ;oƌ thƌee-diŵeŶsioŶal ;ϯDͿ prining), aŶd iŵage
sotware ŵaǇ ofer aŶ eĐoŶoŵiĐal aŶd aĐĐessiďle soluion. Moƌe
ƌeĐeŶtlǇ, integraion of Magneic ResoŶaŶĐe IŵagiŶg ;MRIͿ aŶd
Coŵputeƌ ToŵogƌaphǇ ;CTͿ has ďeeŶ used to ďuild a ŵodel of
the aŵputee’s stuŵp [ϭϯ]. Fuƌtheƌ, laseƌ sĐaŶŶeƌs ĐaŶ doĐuŵeŶt
;liŵďͿ ĐoŶtouƌs aŶd ƌeŶdeƌ theŵ iŶ a CAD pƌogƌaŵ. These
teĐhŶologies ĐaŶ ďe iŵpleŵeŶted to ĐoŵpliŵeŶt ϯD prining.
Ediing iŵage pƌogƌaŵs ;e.g., IŵageJͿ ĐaŶ ďe used to assess
diŵeŶsioŶs ;e.g., haŶd leŶgth, palŵ ǁidth, aŶd foƌeaƌŵ leŶgthͿ.
Fuƌtheƌ, Makeƌ Waƌe sotware ĐaŶ ďe used to sĐale the
prostheic to the desiƌed size [Ϯ].

Afordable prostheic deǀiĐes ǁould ďƌoadlǇ iŵpaĐt all
aŵputees’ ƋualitǇ of life, ƌegaƌdless of theiƌ soĐioeĐoŶoŵiĐ
condiions. The ƌesiziŶg Đosts ;due to the Ǉouth outgƌoǁiŶg the
prostheic) aƌe ƌeduĐed usiŶg ϯD prining as opposed to

ŵethods pƌeǀiouslǇ used. Prostheics that uilize a ďasiĐ
ŵeĐhaŶiĐal gƌaspiŶg ŵeĐhaŶisŵ aƌe ĐoŵŵeƌĐiallǇ aǀailaďle at a
ŵiŶiŵuŵ Đost of $ϰ,ϬϬϬ. The high Đosts of eleĐtƌiĐ-poǁeƌed aŶd
ďodǇ-poǁeƌed prostheic haŶds ŵake theŵ iŶaĐĐessiďle to
ĐhildƌeŶ fƌoŵ loǁ-iŶĐoŵe, uŶiŶsuƌed faŵilies, ǁithiŶ the UŶited
“tates, as ǁell as those liǀiŶg ǁithiŶ deǀelopiŶg ĐouŶtƌies.
Hoǁeǀeƌ, ϯD prining alloǁs foƌ a Đost that is ŵaƌkedlǇ less ;e.g.,
pƌeǀiouslǇ desigŶed Raptoƌ, TaloŶ, aŶd CǇďoƌg Beast aƌe ~ $ϯϱ-
$ϱϬͿ. Fuƌtheƌ, eŶtƌǇ-leǀel ϯD pƌiŶteƌs aƌe Ŷoǁ siŵilaƌ iŶ pƌiĐe
poiŶt to laseƌ pƌiŶteƌs, ǁheŶ theǇ had ďeĐoŵe desktop ixtures,
aŶd pƌiĐes oŶ high-eŶd ŵaĐhiŶes aƌe dƌoppiŶg.

Thƌee-diŵeŶsioŶal pƌiŶted prostheics ĐaŶ ďe ŵoƌe ƌeadilǇ
aestheically desigŶed thaŶ pƌeǀious ŵethods. OpeŶ BioŶiĐs
IŶĐoƌpoƌated uilizes ϯD prining to Đƌeate supeƌheƌo-iŶspiƌed
prostheic uppeƌ-liŵďs foƌ ĐhildƌeŶ ;e.g., ǁith ĐoŶĐepts fƌoŵ
IƌoŶ MaŶ, FƌozeŶ, aŶd “taƌ WaƌsͿ [ϭϰ]. These desigŶs eǀoke a
posiive feeliŶg of conidence, eŵpoǁeƌŵeŶt aŶd iŶdepeŶdeŶĐe
iŶ ǇouŶg aŵputees ǁhile usiŶg theiƌ prostheic liŵď. AŶotheƌ
innovaive appƌoaĐh is the use of Legos to peƌsoŶalize desigŶs
[ϭϱ]. ChildƌeŶ ĐaŶ peƌsoŶalize theiƌ aƌŵ ǁith Legos ǁhile haǀiŶg
a fuŶ, uŶiƋue desigŶ that is peƌsoŶal to theŵ. Fuƌtheƌ, Nike has
Đƌeated prostheic aestheic desigŶs that ŵaǇ appeal, iŶ
paricular, to ĐhildƌeŶ ǁith aŶ iŶteƌest iŶ spoƌts. These aďoǀe
appƌoaĐhes take iŶto aĐĐouŶt aestheics, as ǁell as funcionality,
aŶd pƌopose a soluion that ǁill eŶĐouƌage aŶd faĐilitate
ĐhildƌeŶ’s aĐĐeptaŶĐe aŶd use of prostheics.

EǆĐelleŶt ϯD prining opeŶ-souƌĐe desigŶs aƌe aǀailaďle to the
oŶliŶe ĐoŵŵuŶitǇ ǀia ͞EŶaďle .͟ The useƌs theŶ haǀe the ĐapaĐitǇ
to iŵpleŵeŶt ŵiŶoƌ ĐhaŶges to prostheic desigŶs aŶd use theiƌ
ϯD pƌiŶteƌs to pƌiŶt ;ŵaŶufaĐtuƌeͿ theiƌ desigŶs. Prining oŶe’s
oǁŶ prostheics ǁill haǀe ŵajoƌ efects iŶ teƌŵs of the Ŷatuƌe of
desigŶ iŶ that it iŶĐƌeases the interacions ďetǁeeŶ desigŶ aŶd
producion, aŶd it ǁill ƌadiĐallǇ loĐalize ŵaŶufaĐtuƌiŶg of oŶe’s
oǁŶ prostheic [ϭϲ]. Fuƌtheƌ, oŶliŶe ĐoŵŵuŶitǇ foƌuŵs alloǁ
useƌs to ƌeŵotelǇ ĐoŶŶeĐt ǁith otheƌs fƌoŵ aĐƌoss the gloďe.
BeĐause the desigŶs aƌe digital, theǇ ĐaŶ ďe seŶt ǀia the IŶteƌŶet
to the useƌ’s locaion, ǁheƌe he/she ĐaŶ theŶ pƌiŶt it. Thus,
desigŶiŶg aŶd prining of deǀiĐes ĐaŶ happeŶ iŶ locaions,
ƌeŵote to oŶe aŶotheƌ ǁoƌldǁide.

Heƌe, ouƌ shoƌt-teƌŵ goal ǁas to shoǁ that oŶe ĐaŶ desigŶ
aŶd pƌiŶt theiƌ oǁŶ prostheic. IŶ ouƌ pƌoof-of-ĐoŶĐept ǁoƌk,
ouƌ ŵaiŶ objecive ǁas to use a ĐoŵŵeƌĐiallǇ aǀailaďle ϯD
pƌiŶteƌ to faďƌiĐate aŶ afordable uppeƌ-liŵď prostheic. A
loŶgeƌ-teƌŵ goal is to fuƌtheƌ iteƌate oŶ ouƌ ĐuƌƌeŶt desigŶ aŶd
oďtaiŶ eŶd-useƌ feedďaĐk ǀia suƌǀeǇs. We also aiŵ to invesigate
the noion that ǁheŶ the eŶd-useƌ takes paƌt iŶ desigŶiŶg theiƌ
oǁŶ prostheic, this eŶĐouƌages iŶdepeŶdeŶĐe iŶ aŵputees;
speciically, the aďilitǇ to aĐĐoŵplish a prostheic desigŶ iŶ oŶe’s
hoŵe eŶǀiƌoŶŵeŶt.

The Ŷeed foƌ addiive ŵaŶufaĐtuƌiŶg experienial
leaƌŶiŶg iŶ BioŵediĐal EŶgiŶeeƌiŶg ĐoŶteǆts

IŶ paƌallel ǁith iŵpƌoǀiŶg ƋualitǇ of life of aŵputees aŶd
ďƌoadeŶiŶg soĐietal kŶoǁledge of ϯD prining foƌ prostheics,
educaional, as ǁell as ƌeseaƌĐh-ƌelated eǆposuƌe to addiive
ŵaŶufaĐtuƌiŶg of ďioŵediĐal deǀiĐes, is criical to eŶhaŶĐiŶg the
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BioŵediĐal EŶgiŶeeƌiŶg ;BMEͿ ǁoƌkfoƌĐe. The UŶiǀeƌsitǇ of the
DistƌiĐt of Coluŵďia ;UDCͿ is a histoƌiĐallǇ ďlaĐk Đollege aŶd
uŶiǀeƌsitǇ ;HBCUͿ, aŶd the oŶlǇ puďliĐ insitute of higheƌ
educaion ǁithiŶ the DistƌiĐt of Coluŵďia. Although HBCUs
Đoŵpƌise a ŵiŶute Ŷuŵďeƌ of Đolleges aŶd universiies
naionwide ;slightlǇ oǀeƌ Ϯ%Ϳ, theǇ haǀe led iŶ aǁaƌdiŶg
ďaĐĐalauƌeate degƌees to AfƌiĐaŶ AŵeƌiĐaŶ studeŶts iŶ the life
sĐieŶĐes, phǇsiĐal sĐieŶĐes mathemaics, aŶd eŶgiŶeeƌiŶg.
HBCUs aǁaƌd ϯϯ.ϯ% of ďaĐheloƌ degƌees iŶ sĐieŶĐe aŶd
eŶgiŶeeƌiŶg to AfƌiĐaŶ AŵeƌiĐaŶs [ϭϳ]. Of appƌoǆiŵatelǇ ϭϬϬ
HBCUs aĐƌoss the UŶited “tates, UDC is oŶlǇ ϭ of ϯ HBCUs to
ofer a disincive BaĐheloƌ of “ĐieŶĐe iŶ BME degƌee [ϭϳ]. At
UDC, Ŷeǁ Đouƌses, aciviies, ƌeseaƌĐh faciliies aŶd experienial
desigŶ pƌojeĐts, suĐh as the oŶe disĐussed heƌe, haǀe eŵeƌged.

The UDC BME pƌogƌaŵ is taƌgeted toǁaƌds rehabilitaion
eŶgiŶeeƌiŶg, speciically aiŵed at the assistaŶĐe of iŶdiǀiduals
ǁith ŵoďilitǇ-ƌelated iŵpaiƌŵeŶts. A ŶeǁlǇ ƌeŶoǀated
BioŵediĐal EŶgiŶeeƌiŶg ƌeseaƌĐh laďoƌatoƌǇ ;the CeŶteƌ foƌ
BioŵeĐhaŶiĐal & Rehabilitaion EŶgiŶeeƌiŶg, CBREͿ foĐuses oŶ
huŵaŶ postuƌal ĐoŶtƌol/ŵoďilitǇ aŶd assisive deǀiĐes to aid
iŶdiǀiduals, suĐh as aŵputees, disĐussed heƌe. Fuƌtheƌ, ouƌ Ŷeǁ
Addiive MaŶufaĐtuƌiŶg LaďoƌatoƌǇ ǁill ďe used to Đƌeate
ǀaƌious deǀiĐes ;e.g., to assist iŵpaiƌed iŶdiǀidualsͿ. Aside fƌoŵ
plasic ϯD pƌiŶteƌs, the laď ǁill also sooŶ ďe fuƌŶished ǁith aŶ
EO“ ŵetal-ďased ϯD pƌiŶteƌ. To the ďest of ouƌ kŶoǁledge, UDC
ǁill ďe the oŶlǇ HBCU naionwide that ǁill oǁŶ suĐh a pƌiŶteƌ,
eŶhaŶĐiŶg ouƌ futuƌe ĐapaĐitǇ to pƌoduĐe ŵetal-ďased
pƌostheses, iŵplaŶts, aŶd deǀiĐes foƌ ďoth ƌeseaƌĐh aŶd
educaion puƌposes. A Ŷoǀel aŶd uŶiƋue aspeĐt to the aciviies
desĐƌiďed ǁithiŶ ouƌ papeƌ, is that ǁe aƌe usiŶg addiive
ŵaŶufaĐtuƌiŶg foƌ educaion, as ǁell as ƌeseaƌĐh-iŶfƌastƌuĐtuƌe
ďuildiŶg, ǁithiŶ aŶ HBCU-seing.

IŶ ouƌ papeƌ, ǁe desĐƌiďe ouƌ iniial ǁoƌks toǁaƌds iŶ-house
desigŶ of a plasic, ϯD pƌiŶted uppeƌ liŵď prostheic ǁhiĐh
oǀeƌlaps ďoth ouƌ BME aŶd Addiive MaŶufaĐtuƌiŶg iniiaives.
We aƌe taƌgeted at eǆposiŶg aŶd culivaing studeŶts toǁaƌds
cuing-edge eƋuipŵeŶt, ƌesouƌĐes, aŶd teĐhŶiƋues, foƌ
BioŵediĐal EŶgiŶeeƌiŶg aŶd ďeǇoŶd.

Methods

DesigŶ of ϯD pƌiŶted uppeƌ-liŵď prostheic
At UDC ǁe desigŶed aŶd ŵaŶufaĐtuƌed a ϯD pƌiŶted uppeƌ-

liŵď prostheic. We uilized the ŵeĐhaŶiĐal desigŶ pƌoĐess as
shoǁŶ iŶ [ϭϴ]. Speciically, ǁe irst ideniied ouƌ eŶd-useƌs,
geŶeƌated Đustoŵeƌs’ ƌeƋuiƌeŵeŶts, eǀaluated compeiion, aŶd
geŶeƌated eŶgiŶeeƌiŶg speciicaions.

Custoŵeƌs foƌ ouƌ desigŶ pƌojeĐt ǁeƌe ĐhildƌeŶ ƌeƋuiƌiŶg
uppeƌ liŵď prostheics. A Đhild ĐaŶ ƌapidlǇ outgƌoǁ theiƌ
prostheic. Thus, haǀiŶg aĐĐess to a desigŶ that ĐaŶ ďe sĐaled up
to aĐĐoŵŵodate theiƌ gƌoǁth aŶd pƌiŶted at loǁ Đost ǁas
deeŵed desiƌaďle. IŶ ƌegaƌd to Đustoŵeƌ ƌeƋuiƌeŵeŶts, ǁe
deĐided to ƌeseaƌĐh sĐholaƌlǇ aricles that eǆaŵiŶed Ǉouth
opiŶioŶs of theiƌ prostheics, aŶd crated a suƌǀeǇ to ďe
adŵiŶisteƌed to aŵputees. UDC is loĐated Ŷeaƌ ŵaŶǇ ŵediĐal

ƌeseaƌĐh laďs, suĐh as the Walteƌ Reed Hospital aŶd the Med“taƌ
Naional Rehabilitaion Hospital.

Although it ǁill Ŷot ďe disĐussed fuƌtheƌ heƌe, the sĐope of
ouƌ futuƌe ǁoƌk is to uilize suƌǀeǇs oŶ aŵputees to assess theiƌ
Ŷeeds, iŶĐludiŶg hoǁ aĐĐeptaďle the aestheics of the paient’s
ĐuƌƌeŶt prostheic aƌe, ǁhat tasks theǇ ĐoŵŵoŶlǇ use theiƌ
prostheic foƌ, aŶd hoǁ Đoŵfoƌt plaǇs a ƌole iŶ use of theiƌ
prostheic ;oƌ ŶoŶuseͿ. IŶ teƌŵs of evaluaion of the
compeiion, prostheics that uilize a ďasiĐ ŵeĐhaŶiĐal gƌaspiŶg
ŵeĐhaŶisŵ aƌe ĐoŵŵeƌĐiallǇ aǀailaďle Đost at least $ϰϬϬϬ, ďut
ĐaŶ ƌaŶge ŵuĐh higheƌ, ϯD prining alloǁs foƌ Đost to ďe ŶeaƌlǇ
tǁo ŵagŶitudes less thaŶ this aŵouŶt. Fuƌtheƌ, ease of ƌesiziŶg,
due to paient gƌoǁth, fuƌtheƌ eŶhaŶĐes Đost saǀiŶgs foƌ the
taƌgeted ĐhildƌeŶ aŶd Ǉouth eŶd-useƌs.

EŶgiŶeeƌiŶg speciicaions foƌ ouƌ desigŶ ǁeƌe geŶeƌated
usiŶg a QualitǇ Funcion DeploǇŵeŶt ;QFDͿ appƌoaĐh [ϭϴ]. IŶ
this appƌoaĐh, a list of desiƌaďle atributes ;e.g., ŵeĐhaŶiĐal
gƌaspiŶg aďilitǇ, loǁ Đost, aestheics, fast pƌiŶt ime, aŶd ease of
asseŵďlǇͿ ǁeƌe ǁeighted ďased oŶ iŵpoƌtaŶĐe, aloŶg ǁith the
speciicaions to ŵeet desiƌaďles ;e.g., moion siŵilaƌ to Ŷatuƌal
moions, total Đost less thaŶ $ϯϬ, life-like aestheic, pƌiŶtaďle iŶ
less thaŶ ϭ daǇ, aŶd feǁeƌ Ŷuŵďeƌ of paƌts ƌeƋuiƌedͿ ǁeƌe
iŶĐoƌpoƌated. A ǁeighted sĐale of ϭ, ϯ, aŶd ϵ ;ĐoƌƌespoŶdiŶg to a
ǁeak, ŵodeƌate, aŶd stƌoŶg correlaion) ǁas theŶ ŵaƌked iŶ the
Đhaƌt to oďseƌǀe hoǁ eaĐh eŶgiŶeeƌiŶg speciicaion ƌelated to
the desiƌaďle Đƌiteƌia. The ƌesult of this pƌoĐess iŶdiĐated that
ǁe plaĐed desigŶ eŵphasis oŶ the gƌaspiŶg-ŵeĐhaŶisŵ moion
aŶd loǁ Đost ;a Đost uŶdeƌ $ϯϬ ǁould ďe Đheapeƌ thaŶ ĐuƌƌeŶt
EŶaďle ŵodelsͿ.

This pƌojeĐt foĐused oŶ ϯD pƌiŶted prostheics of the ǀaƌietǇ
that aƌe aǀailaďle to the EŶaďle ĐoŵŵuŶitǇ [ϭϵ]. EŶaďle alloǁs
useƌs to doǁŶload the stl iles foƌ fƌee iŶ oƌdeƌ to ϯD pƌiŶt the
desigŶs. TǇpiĐallǇ, iŶ ϯD prining, a Đoŵputeƌ-geŶeƌated desigŶ
of a ĐoŵpoŶeŶt is irst Đƌeated. This ile ǁas theŶ uploaded foƌ
prining suĐh the ŵateƌial ǁas deposited, hoƌizoŶtallǇ, liŶe- ďǇ-
liŶe, to ďuild the prostheic fƌoŵ the botom up.

Prining ǁas ĐoŶduĐted iŶ the UDC Addiive MaŶufaĐtuƌiŶg
LaďoƌatoƌǇ iŶ BuildiŶg ϯϮ, eƋuipped ǁith thƌee, ϯD pƌiŶteƌs: a
poǁdeƌ pƌiŶteƌ, a ŵediuŵ sized plasic pƌiŶteƌ ;CuďifǇ,
ϯD“Ǉsteŵs, IŶĐ.Ϳ, aŶd a sŵall plasic pƌiŶteƌ ;CuďifǇ, ϯD“Ǉsteŵs,
IŶĐ.Ϳ. The poǁdeƌ pƌiŶteƌ desigŶed ďǇ ϯD “Ǉsteŵs uses a ďed
sǇsteŵ that laǇeƌs glue iŶto the shape of the desigŶ. This sǇsteŵ
is good foƌ demonstraion puƌposes, hoǁeǀeƌ, the deposited
ŵateƌial teŶds to ďe britle. The tǁo, plasic pƌiŶteƌs ŵade ďǇ
CuďifǇ use aĐƌǇloŶitƌile ďutadieŶe stǇƌeŶe ;oƌ AB“Ϳ aŶd polylacic
aĐid ;oƌ PLAͿ. As stated aďoǀe, aŶ EO“ ŵetal-ďased ϯD pƌiŶteƌ is
ĐuƌƌeŶtlǇ ďeiŶg aĐƋuiƌed foƌ the Addiive MaŶufaĐtuƌiŶg laď, ďut
is uŶaǀailaďle at pƌeseŶt. Fuƌtheƌ, ŶǇloŶ ǁould ďe a desiƌaďle
ŵateƌial to pƌiŶt ǁith due to its loǁ Đost, relaively loǁ meling
poiŶt, aŶd high teŶsile stƌeŶgth. At this stage of the pƌojeĐt, ǁe
ǁeƌe ŵoƌe foĐused oŶ pƌoof-of-ĐoŶĐept, ďut ǁould haǀe
eǆploƌed NǇloŶ as aŶ opion had the ƌesouƌĐes ďeeŶ aǀailaďle.

At the pƌeseŶt ime, oŶlǇ pƌiŶteƌs Đapaďle of prining eitheƌ
AB“ ;AĐƌǇloŶitƌile ďutadieŶe stǇƌeŶeͿ oƌ PLA (Polylacic aĐidͿ
plasics Đould ďe used. PLA has a higheƌ deŶsitǇ, teŶsile stƌeŶgth,
aŶd slightlǇ loǁeƌ Đost Đoŵpaƌed to AB“. Theƌe aƌe a feǁ otheƌ
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posiive aŶd negaive ŵateƌial qualiies to Ŷote of AB“ aŶd PLA.
AB“ ĐaŶ aďsoƌď ǁateƌ fƌoŵ huŵiditǇ iŶ the aiƌ that ĐaŶ Đause
pƌiŶts to ǀaƌǇ slightlǇ ;e.g., oŶ high ǀeƌsus loǁ huŵiditǇ daǇsͿ.
PLA is slightlǇ stƌoŶgeƌ aŶd staŶds up ǁell to post-pƌoĐessiŶg ǀia
saŶdpapeƌ to sŵooth edges. Although AB“ ĐaŶ ďe saŶded,
sŵalleƌ paƌts ƌuŶ the ƌisk of disintegraing. Hoǁeǀeƌ, aĐetoŶe
ĐaŶ ďe used oŶ AB“ to sŵooth ƌough aƌeas. We used the sŵall
CuďifǇ pƌiŶteƌ aŶd AB“ ŵateƌial, pƌedoŵiŶaŶtlǇ ďased oŶ
aĐĐessiďilitǇ.

We ǁeƌe aďle to pƌiŶt aŶd asseŵďle ouƌ desigŶ foƌ oŶlǇ $Ϯϱ
;loǁ-Đost Đoŵpaƌed to the desigŶs pƌeǀiouslǇ desĐƌiďedͿ. The
asseŵďled desigŶ is shoǁŶ iŶ Figuƌe ϭ aŶd a ďill of ŵateƌials is
shoǁŶ iŶ Figuƌe Ϯ.

Figuƌe ϭ: Asseŵďled ϯD pƌiŶted prostheic haŶd.

Figuƌe Ϯ: ϯD pƌiŶted prostheic haŶd ;Bill of MateƌialsͿ.

CoŶĐlusioŶ
This papeƌ oǀeƌǀieǁs the Ŷeed foƌ a loǁ-Đost, ϯD pƌiŶtaďle

prostheic foƌ ĐhildƌeŶ aŶd pƌoof-of-ĐoŶĐept iŶ teƌŵs of the useƌ
prining theiƌ oǁŶ prostheic, as ǁell as moivates the Ŷeed foƌ
addiive ŵaŶufaĐtuƌiŶg tƌaiŶiŶg. This papeƌ seƌǀes ouƌ irst,
iniial step, toǁaƌds demonstraing the feasiďilitǇ of prining
oŶe’s oǁŶ prostheic. Futuƌe ǁoƌks ŵaǇ iŵpleŵeŶt diferent
ŵateƌials aŶd pƌoĐesses, as ǁell as iŶĐoƌpoƌate feedďaĐk fƌoŵ
aŵputees ǁithiŶ the suƌƌouŶdiŶg hospitals. The PƌiŶted
prostheics ;suĐh as the oŶe shoǁŶ heƌeͿ ŵaǇ seƌǀe as aŶ
eĐoŶoŵiĐal opion iŶ that ǁe ǁeƌe aďle to pƌiŶt aŶd asseŵďle a
prostheic haŶd foƌ just $Ϯϱ. But ŵoƌe iŵpoƌtaŶtlǇ, ϯD pƌiŶted
prostheics ŵaǇ eŶĐouƌage iŶdepeŶdeŶĐe iŶ aŵputees ;aďilitǇ
to paƌtake iŶ the desigŶ pƌoĐessͿ. IŶ the Ŷeaƌ-futuƌe,
ĐoŵŵeƌĐiallǇ aǀailaďle ϯD pƌiŶteƌs, ŵaǇ ŵake deǀelopiŶg oŶe’s
oǁŶ prostheics aŶ easǇ to aĐĐoŵplish task iŶ oŶe’s hoŵe
eŶǀiƌoŶŵeŶt.
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