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oday, many severely injured and traumatically amputated digits can
be saved by different flap techniques and microsurgical replantati-
on.1-4 In some cases, however, reconstruction is contraindicated or

has an unsuccessful outcome. It is in this group of patients that a quality
prostheses can be provided and may offer great functional and psychologi-
cal benefit.1,4-6

There are few reports in the literature on the benefit of finger prost-
hesis. Early reports stated that there were limited indications and little de-

Fabricating Toe Prostheses Using
3-D Modeling Technique: Case Report

AABBSS  TTRRAACCTT  This ar tic le des cri bes a tech ni qu e for ma king to e prost he ses using CAD-CAM tech-
no logy and a ra pid pro toty ping mac hi ne. A la ser scan ner was used to de ve lop an in teg ra ted 3D
di gi tal ima ge of the exis ting to e of a pa ti ent sub jec ted to to e ab la ti ve sur gery. The ima ge was mir-
ro red and used to ma nu fac tu re the so lid to e cast by me ans of a ra pid pro toty ping mac hi ne. Sub-
se qu ently, the de fi ni ti ve prost he sis was ob ta i ned thro ugh con ven ti o nal pro ce du res. Re cent stu di es
ha ve fo cu sed on com pu ter-as sis ted ra pid pro toty ping mac hi nes to sculp tu re fa ci al prost he ses. Se -
ve ral tech ni qu es ha ve be en re por ted to fab ri ca te a mir ror-ima ge wax cast for ma xil lo fa ci al pros-
t he ses; ho we ver the se tech ni qu es are costly and may re qu i re mo re ti me than ma nu al fab ri ca ti on.
Se ve ral re se arch pro to cols ha ve pro po sed tech ni cal com pu ter as sis ted so lu ti ons, ho we ver this ar-
tic le des cri bes a simp le, inex pen si ve, and re pe a tab le met hod of ob ta i ning a de fi ni ti ve wax cast of
to e prost he sis.

KKeeyy  WWoorrddss::  To es; prost he sis de sign; com pu ter-ai ded de sign; ima ging, thre e-di men si o nal

ÖÖZZEETT  Bu ma ka le de CAD-CAM tek no lo ji si ve hız lı pro to tip le me ma ki na sı kul la nı la rak ayak baş
par ma ğı pro te zi ya pı mı an la tıl mak ta dır. Cer ra hi yön tem le ayak baş par ma ğı çı ka rıl mış has ta nın alı -
nan kıs mı nın 3 bo yut lu gö rün tü sü la zer ta ra yı cı kul la nı la rak en teg re edil miş tir. Gö rün tü ay na la na -
rak hız lı pro to tip le me ma ki na sı ile asıl ayak baş par ma ğı mo de li üre til miş tir. Da ha son ra esas pro tez
ge le nek sel yön tem ler le el de edil mi tir. Son ça lış ma lar fa si yal pro tez le rin mo de la jı için bil gi sa yar
des tek li hız lı pro to tip le me ma ki na la rı üze ri ne odak lan mış tır. Mak sil lo fa si yal pro tez le rin ay na lan -
mış mum mo de li nin üre til me sin de pek çok tek nik ra por edil miş tir; an cak, bu tek nik ler el le üre ti -
me gö re da ha pa ha lı ve za man alı cı dır. Pek çok araş tır ma pro to ko lü, bil gi sa yar des tek li tek nik
çö züm le ri öner mek te dir; bu na rağ men bu ma ka le par mak pro te zi nin esas mum mo de li nin el de edil -
me si için ba sit, pa ha lı ol ma yan ve tek rar edi le bi lir bir yön te mi açık la mak ta dır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ayak baş par ma ğı; pro tez di zay nı; bil gi sa yar des tek li ta sa rım; 
üç bo yut lu gö rün tü le me
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mand for the se de vi ces. Fol lo wing im pro ve ment in
the tech ni cal qu a lity of the di gi tal prost he ses, la ter
re ports in di ca ted that the se prost he ses co uld ser ve
a subs tan ti al psycho lo gi cal and func ti o nal ro le for
the am pu te e.5,7

The le vel of am pu ta ti on and length of stump
pre ser ved are im por tant in de ter mi ning the func ti -
o nal ca pa bi lity of the prost he sis.2,4,6,8 Prost he tic
con si de ra ti ons ac cor ding to the le vel of am pu ta ti -
on can be at thre e le vels: loss of fin ger na il, pha-
lan ge al am pu ta ti ons, and me ta car pal am pu ta ti ons.
A pre ci sely fit ting prost he sis can im pro ve func ti on
by res to ring nor mal length, pro vi ding an op po si ti -
on for the re ma i ning di gits, ma in ta i ning sen si ti vity
thro ugh a thin la mi na, pro tec ting a sen si ti ve stump,
and trans mit ting pres su re and po si ti on-sen se ac ti -
vi ti es.1,2

Re ten ti on is the most im por tant fac tor for es-
t he tics, func ti on, and com fort of the di gi tal prost -
he ses, the reby im pro ving pa ti ent’s qu a lity of li fe.2,9

Nor mally the va cu um ef fect on the stump of di gi -
tal prost he ses is suf fi ci ent to re ta in the fin ger.4,6,10

To im pro ve ap pe a ran ce and aid re ten ti on a dress
ring can be worn to dis gu i se the junc ti on li ne on
short stumps. If a stump is to o short for va cu um re-
ten ti on alo ne, then a do ub le ring can be worn.4 The
stump of the am pu ta ted fin ger sho uld be mi ni mally
1.5 cm in length to fit the stan dard di gi tal prost he -
sis.4 An al ter na ti ve met hods is an os se o in teg ra ted
imp lant with prost he sis for fin ger re cons truc ti on.11

The suc cess of most non-imp lant-re ta i ned di git
prost he ses de pends on re ten ti on which in turn de-
pends on the skin ad he si ve used.12

Se ve ral met hods ha ve be en used to fab ri ca te
to e prost he sis when a pre o pe ra ti ve cast is not ava -
i lab le.1,13,14 Alt ho ugh so me of the se met hods ha ve
be co me ro u ti ne, matc hing and sculp ting the sym-
met ri cal morp ho logy of the re ma i ning to e re ma ins
a chal len ge. The pre sent re port des cri bes a met ho -
do logy that pro du ces a mir ror-ima ge wax pat tern
for a to e prost he sis, using a cast ma de from the pa-
ti ent’s re ma i ning to e and ra pid-pro toty ping com-
pu ter tech no logy.

Spe ci fi cally, we des cri be an ac cu ra te and sim-
p le met hod for ob ta i ning a mir ror-ima ge wax pat-

tern of a to e for fab ri ca ti ons of a to e prost he sis
using com pu ter-ai ded tech no logy and ra pid pro-
toty ping.

CA SE RE PORT
A 35-ye ar-old whi te wo man who had lost her left
to e at the ba se of the pro xi mal pha lanx (Fi gu re 1) in
an ac ci dent when she was 6-ye ar-old was ad mit ted
for tre at ment.

Im pres si ons we re ma de with the pa ti ent se a -
ted and her arms held in a re la xed pos tu re on eit -
her si de of the cha ir. The most com monly used
im pres si on ma te ri al is an ir re ver sib le hydro col lo -
id or den tal al gi na te.1 Im pres si ons of the left and
right fo ot we re ma de with den tal al gi na te (Hydro -
gum 5; Zher mack SpA, Ba di a Po le si ne, Italy) (Fi -
gu re 2). ADA type V den tal sto ne ma te ri al (Di e
Ke en; He ra e us Kul zer, Ar monk, NY) which was

FIGURE 1: The defective foot.

FIGURE 2: Making the impression.
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po u red in to the ne ga ti ve molds to pro du ce the
cast of fo ot with lost to e and the op po si te fo ot (Fi -
gu re 3). 

Den tal casts of the de fec ti ve and nor mal fo ot
we re scan ned with the aid of a la ser scan ner (Z
Scan ner 700; Z Corp, Bur ling ton, MA, USA). A 3-
D com pu ter mo del of the cast was ob ta i ned using a
3-D la ser scan ning system that was de ve lo ped to
pro du ce a 3-D den tal cast cal led an “emo de l”. A la -
ser scan ner con nec ted to a per so nal com pu ter (Tos -
hi ba Sa tel li te A200-230, Tos hi ba Eu ro pe GMBH,
Chi na ) was used to ac qu i re the 3-D spa ti al co or di -
na tes of the mo dels using soft wa re purc ha sed from
Mi mics (Ma te ri a li se, Bel gi um) which lo a ded the 3-
D da ta po ints in to the scan ning system’s prop ri e -
tary emo del soft wa re. The tri an gu lar mesh out put
was vi su a li zed using a ste re o lit hog raphy (STL) fi le
(STL fi le for mat; 3-D Systems Inc, Va len ci a, Ca lif).

3-D di gi tal mo dels we re ac qu i red on a STL-fi le for-
mat (Fi gu re 4).

An mir ror ima ge of the nor mal to e was ob ta -
i ned on di gi tal ba se using 3-D di gi tal mo dels (Fi -
gu re 5).

A 3-D mir ror ima ge of the nor mal to e was ac-
co mo da ted to the de fec ti ve to e and ab sent re gi on
of the de fec ti ve to e was tre a ted on di gi tal ba se (Fi -
gu re 6).

The de fi ni ti ve acr ylic to e prost he tic mo del was
ob ta i ned by ma nu fac tu ring the ab sent are a of the
de fec ti ve to e (Fi gu re 7).

The de fi ni ti ve acr ylic to e prost he tic mo del was
ma nu fac tu red using the Z Prin ter (Z Prin ter 310;
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FIGURE 3: Casts of normal and defective foot.

FIGURE 4: 3-D digital models of normal and defective foot.

FI GU RE 5: Mir ror ima ge of  the part of right to e, which will be ac com mo da -
ted.

FIGURE 6: Right toe was accommodated to the opposite left defective area
using  3-D digital data.
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Z Corp, Bur ling ton MA, USA). By using the Z Prin -
ter 310 mac hi ne, a la yer of se a lant with a la yer of
re sin pow der was pro vi ded and the en ti re vo lu me
was de ve lo ped thro ugh la yer-by-la yer ma nu fac tu -
ring. The acr ylic re sin was al lo wed to poly me ri ze
for one ho ur. The cast was ex trac ted from the pow-
der and then the sur fa ce of the ma nu fac tu red mo -
del of to e prost he sis was in fil tra ted with
cya no acr yla te (496; Loc ti te Ita li a, Brug he ri o, Italy)
to furt her har den the acr ylic re sin mo del of the to -
e prost he sis. A poly si lo xa ne ma te ri al [Ze tap lus;
Zher mack, Ba di a Po le si ne (Ro vi go), Italy] was used
to trans form the acr ylic re sin cast in to a wax to e.
A mold of the to e was ma de using si li co ne, le a ving
an ope ning in the mold all aro und the ba se of the
pro toty ped to e. Wax (Set up Wax; Ca vex, Ha ar lem,
Hol land) was po u red in to the ne ga ti ve mold to du-
p li ca te the prost he tic to e mo del. On ce the wax har -
de ned, the cast was ex trac ted from the se pa ra ted
two parts of the si li co ne mold.15 Mar gins of the wax
pat tern we re adap ted on the stump cast. The si ze,
sha pe, and con to urs of the wax pat tern we re eva lu-
a ted on the pa ti ent (Fi gu re 8).

Next, anot her wax pat tern was dup li ca ted for
the acr ylic re sin na il and ba se for the fi nal prost -
he sis. This wax pat tern was dup li ca ted with the
trans pa rent, he at-poly me ri zed acr ylic re sin (Ak ri -
bel; At las En ta AS, Iz mir, Tur ki ye) using a con ven -
ti o nal met hod.1

Ex cess are a of the na il and re ten ti on are a was
trim med with the aid of a car bi de bur (La bo ra tory
Car bi de Bur; GC Corp, Tok ya, Ja pan) from the cle -
ar acr ylic re sin fin ger. This pro ce du re dif fers from
McKinstry’s tech ni qu e be ca u se not only the na il
but al so the na il and the re ten ti on si de of the na il
which plan ned in si de of the si li co ne fin ger prost -
he sis we re both ma de 1-2 mm thick to get her. Thus,
we did not ne ed to ma ke any wax re li ef on the wax
mo del for na il. 

Wet and dry sand pa per with wa ter we re used
to fi nish the na il to a smo oth, po lis hed sur fa ce. The
na il be ca me mo re trans lu cent as it was po lis hed.
The wax pro toty pe was smo ot hed with sol vent and
the fi nal cha rac te ris tics (skin folds, wrink les, and
print pat terns) we re ad ded with sculp ting to ols. A
tra di ti o nal mul ti pi e ce mold tech ni qu e was used.

An in di vi du al sto ne mold was fab ri ca ted using the
lost wax tech ni qu e.2 The acr ylic re sin subs truc tu re
of the na il and re ta i ned part we re cle a ned with ace-
to ne, and the si li co ne pri mer (Pla ti num Pri mer;
Prin ci pa lity Me di cal Ltd, So uth Wa les, UK) was ap-
p li ed. The subs truc tu re was pla ced in an oven (FN
500; Nu ve AS, An ka ra, Tur key) at 100 ºC for 10 mi -
nu tes. The cle ar acr ylic na il with the re ten ti on si -
de was pla ced on the na il are a of the mold using
cya no acr yla te. The ba se co lor of the skin was ac hi -
e ved using in trin sic pig ments mi xed with the si li -
co ne ba se (Cos me sil; Prin ci pa lity Me di cal Ltd,
So uth Wa les, UK) to match the dif fe rent sha des of
the pa ti ent’s own skin. Co lo red si li co ne was la ye -
red in to the mold in the ap prop ri a te lo ca ti ons. The
molds we re clo sed, light pres su re was app li ed to re-
mo ve ex cess ma te ri al, and the molds we re trans fer -
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FIGURE 7: The definitive acrylic toe.

FIGURE 8: The wax pattern of toe prosthesis fitted to the patient.
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red to a clamp. The si li co ne was held at 100 ºC for
one ho ur. When the molds we re suf fi ci ently co ol,
the prost he sis was ca re fully re mo ved. Ex cess ma-
te ri al was trim med with the aid of scis sors. The na -
il was then co lo red with na il po lish. The fit and the
con to urs of the mar gi nal are as of the to e prost he sis
and ove rall de sign we re eva lu a ted on the pa ti ent
(Fi gu re 9). Ex trin sic co lors we re app li ed and ace-
toxy si li co ne ad he si ve (Cos me sil; Prin ci pa lity Me -
di cal Ltd, So uth Wa les, UK) was used to fix the
co lo ra ti on on to the si li co ne. The prost he sis was in-
ser ted using ad he si ves and tis su e un der cuts. The
pa ti ent was ins truc ted re gar ding ho me ca re, use of
ad he si ve, and prost he sis ma in te nan ce. Ho me ca re
inc lu ded mec ha ni cal deb rid ment of the skin with a
soft to oth brush and ir ri ga ti on with so ap and wa ter.
Af ter each da ily use, the prost he sis sho uld be re-
mo ved and cle a ned with a mild so ap in pre pa ra ti -
on for the next we a ring. Dye sta ins can be ea sily
re mo ved, de pen ding on the ca re or abu se the pros-
t he sis re ce i ves. With re a so nab le ca re, an ave ra ge of
two to three ye ars of re gu lar use can be ex pec ted. 

DIS CUS SI ON
Sin ce not every pa ti ent may be su i tab le for a pros-
t he sis, pa ti ent se lec ti on is very im por tant. An ade -
qu a te stump and pa ti ent’s re a lis tic ex pec ta ti ons are
cri ti cal de ci si on-ma king fac tors for a suc cess ful fit,
ac cep tan ce, and sub se qu ent use of the prost he sis.2,6

We we re suc cess ful in this ca se be ca u se we ful fil -
led the pa ti ent’s prost he tic ex pec ta ti ons.

The psycho lo gi cal ef fects of go od-qu a lity pros-
t he ses ha ve re ce i ved scant at ten ti on in the li te ra -
tu re. With the use of mo dern ma te ri als, im pro ved
met hods of fab ri ca ti on; and at ten ti on to the de ta il,

a high-qu a lity cos me tic re sult can be ac hi e ved.4 In
this ca se, prost he tic re ha bi li ta ti on is ma de for pha-
lan ge al am pu ta ti ons. Even when the to e prost he -
ses is not func ti o nal, it may be be ne fi ci al for
est he tic re a sons.

Pe re i ra re por ted that abo ut one qu ar ter of the
pa ti ent ex pe ri en ced a po or or lo o se fit of the pros-
t he sis.6 This was one of the ma in re a sons gi ven by
the pa ti ents for not using the ir prost he ses. They
we re ap pre hen si ve abo ut the prost he ses drop ping
off.6 Our pa ti ent did not ha ve this fe ar be ca u se she
be li e ved she had go od re ten ti on.

An os se o in teg ra ted imp lant with prost he sis of-
fers an al ter na ti ve met hod for fin ger re cons truc ti -
on.10,11 Ot her al ter na ti ves are bo ne graf ting with a
flap, which is bulky, or bo ne dis trac ti on, which is
very dif fi cult when the stump is short and usu ally
un su i tab le for stan dard di gi tal prost he ses.9-11 In pa-
ti ents who can be fit ted with eit her a stan dard or
os se o in teg ra ted prost he sis, the stan dard prost he sis
is usu ally pre fer red be ca u se: 1) the pa ti ent wants to
avo id sur gery, 2) the imp lant is ex pen si ve, 3) it is
dif fi cult to ha ve a func ti o nal prost he sis with a long
stump, and 4) grip strength is less then de si red. The
imp lant re ta i ned prost he sis pro vi des a go od post for
prost he sis fi xa ti on, trans fer mo tor func ti on and per-
cep ti on of sen sa ti on. Ho we ver, to e trans fer usu ally
yi elds bet ter func ti o nal re sults and an ac cep tab le
ap pe a ran ce, but it is re ser ved for only se lec ted ca -
ses.11 In our pa ti ent, the di men si ons of the fin ger
we re su i tab le for va cu um re ten ti on. She has worn
her prost he sis for two ye ars with sa tis fac ti on.

A re cent ar tic le by Ci oc ca et al. des cri bed a si -
mi lar tech ni qu e.16 The met hod des cri bed in this ar-
tic le re qu i res only one scan, eli mi na ting the ne ed
for eight ran dom scans to re cord all of the un der -
cut are as be ca u se, the scan ner that we used was
mo re ad van ced.

Se ve ral tech ni qu es ha ve be en re por ted to fab-
ri ca te a mir ror-ima ge wax cast for di gi tal prost he -
ses; ho we ver, the se tech ni qu es are costly and may
re qu i re mo re ti me than ma nu al fab ri ca ti on.16,17 The
pre sent re port des cri bes a simp le, inex pen si ve, and
re pe a tab le met hod for ob ta i ning a de fi ni ti ve wax
cast for a to e prost he sis. The cus tom-ma de co lor-
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FIGURE 9: Toe prosthesis evaluated on the patient.
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matc hed to e prost he sis is est he ti cally ac cep tab le
and com for tab le for use in pa ti ents who ha ve lost a
fin ger.

Ot her re cent stu di es ha ve pro po sed use of
scan ning met hods which emp loy cus tom-ma de la -
ser scan ners or ex pen si ve ra pid pro toty ping de vi -
ces.18,19 This tech ni qu e re qu i res only a con ven ti o nal
la ser scan ner and a com mer ci al 3-D prin ter and is
al so fas ter and less ex pen si ve than the work of an
anap las to lo gist which is do ne by hand. The met -
hod des cri bed in the pre sent re port do es not re qu -
i re any scan ning of the pa ti ent’s tis su e; it re qu i res
just ma king an im pres si on of the re ma i ning to e on
the op po si te fo ot. The pri mary ad van ta ge of this
tech ni qu e is vir tu al 3-D in teg ra ti on of the de fec ti -
ve sur fa ce with the mir ro red and di gi ta li zed nor-
mal to e. A draw back of fab ri ca ting to e prost he ses
using a 3-D mo de ling tech ni qu e is the lack of de ta -
i led co lor in for ma ti on. 

Fu tu re de ve lop ments sho uld inc lu de a co lor
map of the de fi ni ti ve prost he sis by me ans of spec-

trop ho to me ter-as sis ted co lor ca lib ra ti on of the sur-
fa ce.16

Mar di ni et al.15 used CAD-CAM and Ra pid
Pro toty ping tech no logy in pro duc ti on of au ri cu lar
prost he ses. We mo di fi ed this tech ni qu e for fab ri -
ca ting to e prost he ses.

This ar tic le pre sents a tech ni qu e de ve lo ped to
fab ri ca te a cus tom ma de di gi tal prost he sis that is
hygi e nic, easy to use and est he ti cally ac cep tab le to
the pa ti ent by in cor po ra ting an ar ti fi ci al na il in to a
me di cal gra de si li co ne di git prost he sis.

AAcckk  nnooww  lleedd  ggee  mmeennttss
The aut hors kindly express their gratitude to Tür ki ye Bi-
lim sel ve Tek nik Araş tır ma Ku ru mu-Bi lim İnsa nı Des-
tek le me Da i re Baş kan lı ğı (TÜ Bİ TAK-Bİ DEB) for
in vi ting to Prof. Dr. Ro bert H. GLEW and wish to thank
to Prof. Dr. Ro bert H. GLEW for re vi e wing Eng lish lan-
gu a ge pro fi ci ency.

The aut hors al so thank to Prof. Dr. Bay ram YIL MAZ for
re vi e wing Eng lish lan gu a ge pro fi ci ency.

Ali Zahit BOLAMAN MULTIPL MYELOM TANISI VE TEDAVİYE YANIT KRİTERLERİ

1. Ali son A, Al len R, Ce rul lo L, Erb RA, Gi on GG,
Ha ba kuk SW, et al.  Di gi tal prost he ses. In: Mc.
Kinstry RE,  ed. Fun da men tals of Fa ci al  Pros-
t he tics. 1st ed. Ar ling ton: ABI Pro fes si o nal Pub-
li ca ti ons; 1995. p.181-92.

2. Pil let J. Est he tic hand prost he ses. J Hand
Surg Am 1983;8(5 Pt 2):778-81.

3. Mar kal Er taş N, Çe le bi oğ lu S. [The tre at ment
of comp li ca ted di gi tal de fects by cross-fin ger
adi po fas ci al flap]. Tur ki ye Kli nik le ri J Med Sci
2004;24(2):153-8.

4. Pil ley MJ, Qu in ton DN. Di gi tal prost he ses for
sing le fin ger am pu ta ti ons. J Hand Surg Br
1999;24(5):539-41.

5. Hop per RA, Grif fiths S, Mur ray J, Mank te -
low RT. Fac tors inf lu en cing use of di gi tal
prost he ses in wor kers' com pen sa ti on re ci -
pi ents. J Hand Surg Am  2000;25(1):80-
5.

6. Pe re i ra BP, Ko ur AK, Le ow EL, Pho RW. Be -
ne fits and use of di gi tal prost he ses. J Hand
Surg Am 1996;21(2):222-8.

7. Ali son A, Mac kin non SE. Eva lu a ti on of di gi tal
prost he ses. J Hand Surg Am 1992;17(5):923-
6.

8. Lifc hez SD, Marc hant-Han son J, Mat lo ub HS,
San ger JR, Dzwi erzy nski WW, Ngu yen HH.
Func ti o nal im pro ve ment with di gi tal prost he -
sis use af ter mul tip le di git am pu ta ti ons. J Hand
Surg Am  2005;30(4):790-4.

9. Sco loz zi P, Ja qu es B. Tre at ment of mid fa ci al
de fects using prost he ses sup por ted by ITI
den tal imp lants. Plast Re constr Surg  2004;
114(6):1395-404.

10. Ay din C, Ka ra ko ca S, Yil maz H. Imp lant-re ta -
i ned di gi tal prost he ses with cus tom-de sig ned
at tach ments: a cli ni cal re port. J Prost het Dent
2007;97(4):191-5.

11. Ma nu rang se e P, Isa ri ya wut C, Cha tut hong V,
Mek rak sa wa nit S. Os se o in teg ra ted fin ger pros-
t he sis: An al ter na ti ve met hod for fin ger re cons -
truc ti on. J Hand Surg Am  2000;25(1):86-92.

12. Ki at-Am nu ay S, Gett le man L, Khan Z, Gold-
smith LJ. Ef fect of ad he si ve re ten ti on of 
ma xil lo fa ci al prost he ses. Part 2: Ti me and re -
app li ca ti on ef fects. J Prost het Dent   2001;85
(5):438-41.

13. Le mon JC, Cham bers MS, Wes ley PJ, Mar tin
JW. Tech ni qu e for fab ri ca ting a mir ror-ima ge
prost he tic ear. J Prost het Dent   1996;75(3):
292-3.

14. Penk ner K, Sant ler G, Ma yer W, Pi e rer G, Lo -
ren zo ni M. Fab ri ca ting au ri cu lar prost he ses
using thre e-di men si o nal soft tis su e mo dels. J
Prost het Dent  1999;82(4):482-4.

15. Al Mar di ni M, Er co li C, Gra ser GN. A tech ni -
qu e to pro du ce a mir ror-ima ge wax pat tern of
an ear using ra pid pro toty ping tech no logy. J
Prost het Dent  2005;94(2):195-8.

16. Ci oc ca L, Scot ti R. CAD-CAM ge ne ra ted ear
cast by me ans of a la ser scan ner and ra pid
pro toty ping mac hi ne. J  Prost het Dent   2004;
92(6):591-5.

17. Co ward TJ, Wat son RM, Wil kin son IC. Fab ri -
ca ti on of a wax ear by ra pid-pro cess mo de ling
using ste re o lit hog raphy. Int J Prost ho dont
1999;12(1):20-7.

18. Re i te me i er B, Not ni G, He in ze M, Schö ne C,
Schmidt A, Fich tner D. Op ti cal mo del ling of
ex tra o ral de fects. J Prost het Dent  2004;91(1):
80-4.

19. Che ah CM, Chu a CK, Tan KH, Te o CK. In te-
g ra ti on of la ser sur fa ce di gi ti zing with CAD/
CAM tech ni qu es for de ve lo ping fa ci al prost -
he ses. Part 1: De sign and fab ri ca ti on of pros-
t he sis rep li cas. Int J Prost ho dont  2003;16(4):
435-41.

REFERENCES


