
PORTABL E 3D SCANNER IN DESIG NING  
OF THE PERSONAL ISED 
3D PRINTED M ECHANICAL  HAND

The study  presen ts the effect o f co o per a o n  betw een  
SM A RTTE C H  a n d the e-Na ble F o un da o n  (w ith 
depa r tm en t in  Po la n d) in  the pr o ject o f design in g 
a  perso n a lised ha n d pr o sthesis, so -co lled a  3D  prin ted 
m echa n ica l h a n d o r  a n  e-Na ble ha n d.

SM A RTTE C H , o n e o f the lea din g 3D  sca n n ers 
m a n ufa cturers, w a s a sked to  jo in  the F o un da o n 's 
ppr o ject a n d to  per fo r m  3D  sca n s o f the pa en t's 
po st-o per a ve h a n d stum p. The further  step w a s 
to  design  - ba sed o n  sca n s - the 3D  prin ted m echa n ica l 
h a n d, w hich w o uld be fully  a djusted to  the pa en t’s 
ha n d stum p. 3D  sca n s co uld sho r ta ge the pr o cess 
o fo f h a n d desin in g. It w a s crucia l to  crea te a  pr o sthesis 
tha t w o uld be m a tched to  the pa en t’s ha n d stum p a s 
w ell a s his lifestyle. The fin a l step in cluded m a k in g the 
e-Na ble ha n d by  usin g 3D  prin n g techn o lo gy.
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IN T ROD U C T ION

AN  EX AM PLE OF A PRIN T ED  PROST H ESIS



In  th e fi rst stage the  obje ct (pa e n t's  pos t-ope ra ve  s tum p) w as  s can n e d. F or  m e asur e m e n t, w e  us e d an  op cal 
3D  s can n e r  ope ra n g in  s tructural light te chn ology - SM A RTTE C H  Por table . The  de vice  is  n ot on ly  e xtraordin ar y  
accurate , but als o n on -in vas ive  an d com ple te ly  s afe  for  the  hum an  s kin . In  addi on , it doe s  n ot caus e  an y  
dis com fort to the  pa e n t. Purchas e d SM A RTTE C H  op cal m e asurin g s y s te m  allow s  us  to obtain  pr e cis e  data in  
color  by  proje c n g s tr ipe s  of light on  the  m e asur e d obje ct. W e  us e d the  s can n e r  w ith a m e asurin g 
fie ld of 300 x 200 x 210 m m 2 an d an  accuracy of 0.06 m m  an d a de te ctor  r e s olu on  of 0.23 m m . 

ThanThan ks  to this , the  s tructur e  an d color  of the  pa e n t's  s tum p w e r e  faithfully r e produce d on  the  s can s . 
A pplie dA pplie d accuracy of the  s can n e r  als o allow e d copyin g e ve n  the  s m alle s t de form a on s  of the  s can n in g obje ct, 
which had a dir e ct im pact on  furthe r  s tage s  of de s ign in g. The  hum an  body is  diffi cult to m e asur e  by  tradi on al 
m e thods . The  n on -con tact 3D  s can n in g e n able s  pr e cis e  m e asur e m e n t an d pe rfe ct adjus tm e n t of the  pros the s is  
bas e d on  the  3D  s can s . That kin d of pros the s is  is  pr e cis e ly  m atche d to the  s pe cific ir r e gular  shape  of the  hum an  
body or  pos t-ope ra ve  s tum p. A  s in gle  par al m e asur e m e n t las ts  on ly  0.2 s e con ds , thus  m ovin g an d live  obje cts  
can  be  s ucce s sfully s can n e d. W e  als o m an age d to autom ate  the  m e asur e m e n t than ks  to 
the  SM A RTTE C H 3D m e asur e  s o w ar e .

A sA s a resu lt of a sin gle scan , a poin t clou d w as obtain ed (each  poin t is described by X, Y, Z coordin ates an d RG B  
color com pon en ts (Red Green  B lu e) Th e clou d w as fu rth er tran sform ed in to a trian gle m esh  w h ich  w as u sed 
in  3D  graph ics an d th en  3D  prin n g. Th e en re process of scan n in g took abou t 30 m in u tes. B ased on  series of 
par al scan s, SM A RTTE C H  specialists created a 3D  m odel of h an d stu m p u sin g specialized so w are 
SM A RTTE C H3D m easu re v2018.

SC A NNING  PRO C E SS 
O B TA INING  TH E  G E OM E TRY O F TH E  POSTSU RGIC A L H A ND  STU M P
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SM A RTTEC H 3D  Portable is u ltra-fast 3D  sc an n er, w hic h  c o m bin in g the best features o f han dheld an d  sta o n ary 
m easurem en t devices. It’s n o t o n ly po rtable bu t also  perfo rm s in stan t c o lo r m easurem en ts w ith c erfied 
ac c u rac y.

Th e m easurem ent is based o n  an alysis o f deflec o n  in  series o f striped pa ern s pro jec ted o n to  the o bjec t. 
Lin es w hic h  are parallel o n  a flat surface, bec o m e deflec ted o n  a sc an n ed o bjec t ac c o rdin g to  the o bjec t’s shape. 
The deflec o n  is rec o rded an d  c o n verted by an  algo rithm  that c reates the po in t c lo u d  m en o n ed befo re. 
M easurin gM easurin g the o bjec t fro m  all sides req u ires c arryin g o u t a few  m easurem en ts o r u sin g a n u m eric al c o n tro l ro tary 
table. E ac h  po in t in  the c lo u d  is given  a c o lo u r value (R, G, B ) direc tly fro m  an  im age c aptured durin g the 
m easurem en ts. This pho to graph is also  u sed as a stru c ture o f a 3D  o bjec t c reated a erw ards.

Ultra-fast m easurem ent in m edicine
SM A RTTE C H  3D  Po rtable c an  be su c c essfu lly u sed direc tly in  the d o c to r’s o ffi c e to  sc an  the face an d  o ther parts 
o f the pa en t’s bo dy. The dura o n  o f a sin gle m easurem en t d o es n o t exceed 0.2 sec o n ds, allo w in g to  q u ic k ly 
pprepare a prec ise virtu al pa en t m o del. It is o n  o f the fastest 3D  sc an n ers fo r m edic al applic a o n s o n  the m arket 
w ith su c h  a high ac c u rac y (0.06m m ).

C olor m easurem ent also  allo w s to  keep in fo rm a o n  abo u t sk in  lesio n s. This is parc u larly u sefu l fo r verifyin g 
w hether the treatm en t is effec ve. M easurem en ts allo w s to  trac k  the size o f the w o u n d  an d  es m ate the 
effec ven ess o f the treatm en t.

C er fied accuracy. SM A RTTE C H  3D  po rtable c o m bin e m o bility w ith m etro lo gic ally-c erfied ac c u rac y.

Th e so ware. W ith every 3D  sc an n er SM A RTTE C H  pro vides spec ialized m u l fu n c o n al so w are w ith very 
iin tu i ve in terface – SM A RTTE C H3D m easure.



D A TA  PROC E SSIN G  IN  SM A RTTE C H3D M E A SURE  V2018

SM A RTTE C H3D m easure v2018 
pro gram  (w in do w  v iew) 
w ith a co m plete C A D  m o del 
o f pa en t's po st-o pera ve stum p
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The SM A RTTE C H3D m easure Po rtable so w are is used to con t rol the 3D scan n er. The m easurem en t  results are 
displayed as poin t  clouds. In dividual par al scan s w ere fi ed to each other, an d then  a t r ian gle m esh w as 
ob tain ed. The op on  of choosin g the A utom ated M ode to the t r ian gle m esh in  STL form at  m in im izes user  
in volvem en t  an d accelerates post-processin g. 

TheThe edi n g m odule of SM A RTTEC H3Dm easure v2018 so w are m ade it  possib le to create a com plete 3D m odel 
of han d stum p. M oreover, the con t rol m odule of the so w are m ade it  possib le n ot  on ly to an alyze cross-sec on  
of the stum p, b ut  also to calculate the volum e or  surface area. The fin al result  of this stage is the file in  STL form at, 
w hich is fully com pa b le w ith all 3D prin ters availab le on  the m ar ket. B ased on  the created 3D m odel of han d 
stum p, e-Nab le volun teers had the great  oppor tun it y to design  3D prin ted m echan ical han d prosthesis. 
Fin ally, the m odel w as prin ted in  separated par ts on  the 3D prin ter  an d com posed in  the fin al ar ficial 3D han d.



S UM M A RY 
O F  T H E
PRO JE C T
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T he p erson alized 3D  p rin ted m echan ical han d is the resu lt of volu n teers w ork. T he e-Nable volu n teers w ere 
su p p orted by the S M A RT T E C H  C om p an y, w hich p erform ed 3D  scan s an d m ade p recise 
m easu rem en ts of the p a en t's p ost-op era ve stu m p . T his stage of the p roject sign ifican tly redu ced the m e 
an d costs of the w hole p rocess of crea n g the p rosthesis. In  the en d, a p erson alized 3D  han d w as p rin ted 
(3D  p rin ter) u sin g p las c, an  in exp en sive an d lightw eight m aterial su itable for ar ficial han ds.

The coop era on  betw een  the e-Nable F ou n da on  an d the SM A RTTE C H  im p roved the 3D  p rin ted han d 
design in g p rocess, in clu din g the im p rovem en t of the ar ficial han d qu ality, m e an d costs redu c on . 
M oM ost of all, w e su ccessfu lly m an aged to restore the effi cien cy of the p a en t’s han d. W ithou t a dou bt, 
the com bin a on  of tw o differen t 3D  techn iqu es - scan n in g an d p rin n g - is a very p rom isin g direc on  in  
m edicin e. The 3D  techn ology gives n ew  p ossibili es to create in exp en sive an d u sefu l p rostheses, 
design ed w ith all an atom ical featu res of a sin gle dysfu n c on  an d in dividu al p a en t requ irem en ts. 
Thu s, the design ed 3D  han d is dedicated to on e p ar cu lar p a en t. The p rosthesis, design in g based 
on  a p recisely dim en sion ed virtu al m odel of the p ost-su rgical stu m p , is m ore com fortable to u se.

TheThe form  of digital 3D  m easu rem en t an d design  is n ot lim ited on ly to archivin g objects, it also creates their virtu al 
rep licas, an d thu s – de facto – a com p letely n ew  qu ality. A n  im p ortan t issu e related to crea n g 
rep licas of objects is the accu rate rep resen ta on  of shap e an d color to m ake the cop y in dis n gu ishable from  
the origin al. You  can  sim p ly m easu re the object, p rep are a 3D  docu m en ta on  or create a com p letely n ew  virtu al 
m odel based on  3D  scan s. In  this situ a on  it is n o w on der that the key issu e is the accu rate m ap p in g 
of the origin al shap e an d color on to the cop y. Than ks to the p ossibili es of in terferen ce 
(3D(3D  m odelin g) in  the stru ctu re of the object’s m odel, the n on existen t or m issin g elem en ts can  be design ed. 
The m ost effi cien t an d in exp en sive w ay to do the 3D  p rin ted m echan ical han d is to m ake an  im p rin t 
in  a p las c m aterial as the e-Nable F ou n da on  does.

The resu lts of 3D  scan n in g are characterized by m etrological accu racy an d high resolu on . 
TheseThese p aram eters in  com bin a on  w ith the edi n g an d an alysis fu n c on s in  the SM A RTTE C H3D m easu re con trol 
so w are give m an y n ew  p ossibili es. 3D  scan n in g techn ology is a p rom isin g altern a ve to tradi on al, exp en sive 
an d m e-con su m in g m ethods of design in g den tu res. F rom  scan n in g to the fin al resu lt (a trian gle m esh), w e n eed 
a few  m in u tes. It dep en ds on  the size of the object an d the n u m ber of in dividu al scan s that w e p erform . 
The scan n er ap p lica on  is fast, p recise an d p rovides n on -con tact m easu rem en t al w ell as, at the fu rther stage, 
a p ossibility of com p u ter adju stm en t an d 3D  m odelin g w ithou t the n eed of p rocessin g in  the real object.

SScan n in g w ith the u se of n on -con tact 3D  scan n ers from  SM A RTTE C H  p arts of the hu m an  body an d even  the w hole 
body is becom in g m ore an d m ore w idesp read today an d is u sed for variou s p u rp oses, m ost o en  in  order to 
create cu stom ed an d fu n c on al p rodu cts that im p rove ou r com fort of life. 
U n dou btedly, this m u l p licity an d variety of u ses locates 3D  scan n in g on  the top  of the list of m ethods 
for obtain in g an d storin g in form a on  abou t objects. It ap p ears that on ce it is p op u larized it w ill becom e an  
im p ortan t tool in  researches an d m edical p rac ce.
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The dep artm ent o f e-Nable Fo unda o n in Po land w as  established in Sep tem ber 2016. A er the fo unda o n had 
o btained an ap p ro val o f the interna o nal e-Nable C o m m unity, it w as  added to  the o ffi cial list o f glo bal e-Nable 
vo lunteers . N o w i t is  s o -called as  the e-Nable Po land. The m ain go al o f fo unda o n interests  is  to  p ro m o te the idea 
o f crea ng p ers o nalis ed 3D  p rinted e-Nable hands  w ith the stro ng co o p era o n o f vo lunteers  and a num ber o f 
co o p era ng co m p anies .

Re ad  m o re  at www.e -nable .pl

SM A RTTE C H  is  a leading glo bal m anufacturer o f p ro fes s io nal grade 3D  scanning s o lu o ns  fo r the rap id digi zing 
o f custo m ized p ro ducts  u lizing its  p ro p rietary co ns um ables  acro s s  a variety o f m arkets . E stablished as  a s p in o f 
co m p any o n W ars aw  U nivers ity o f Techno lo gy under the leadership  o f Pro f M ałgo rzata Kujaw ińs ka in 2000, 
SM A RTTE C H  has  been co nstantly develo p ing it's  3D  scanning techno lo gies  bas ed o n structured LE D  light.

Re ad  m o re  at h p://sm ar e ch3d scanne r.co m

A B OU T OU R PROJECT 
PA RTNERS


