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This pa pe r pre se n ts a  study unde rta ke n  fo llow ing the  co lla bora tion  be tw e e n  spe c ia lists  in  tw o

m ultidisciplinary fie lds, nam ely engineering and m edicine . It was aim ed at solving a practical problem  by

developing of a handle  for use  in orthopedic surgery. Specific engineering tools, knowledge and processes
and m ethods were  used for accom plishing this task. Tailoring devices according to surgeons preferences

for ensuring an ergonom ic use  is an im portant criterion alongside  functional and sterilization requirem ents,

cost and fabrication time, 3D printing representing a feasible  manufacturing solution as this research proves.
The article  details the  steps required to com plete  the  final product: design and redesign, num erical analysis,

prototypes manufacturing and testing. To perform the numerical analysis that highlights the device mechanical

behavior, finite  e lem ent m ethod was used in assessing different handle  designs.
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The use of Additive Manufacturing (or 3D Printing) in the

m edical fie ld starts to becom e a com m on practice  if one

considers the  increasing num ber of scientific papers [1-

3], research projects and patents [4, 5], as well as the

num ber of applications developed by universities and/or

specialized com panies [3, 6].

Additive  Manufacturing (AM) is currently used [7-8] for

m a n u fa c tu rin g m e d ic a l re p lic a s , p a tie n t sp e c ific

tem plates, im plants, surgical tools, drugs, dosage form s,

e tc., but also for 3D bio-printing applications. Literature

studie s and reviews showed that the  focus of today’s

researches is put m ore  on designing, m anufacturing and

testing functional products and less on building m edical

phan tom s use d  for visua liza tion , com m unica tion  or

teaching activitie s. Functional products are  deve loped

based on medical needs, but the type of building materials,

AM proce ss and AM proce ss param e te rs, ste riliza tion

conditions, specific design for AM rules should also be

considered.

Orth o p e d ic s  is  o n e  m e d ic a l fie ld  re q u irin g th e

development of functional products such as surgical guides

[9] , in strum e n ta tions/too ls , im pla n ts  o r p rosthe se s,

m anufactured from  m etals or plastics using different AM

processes. AM advantages in term s of fast custom ization

to patient data and to the  m edical necessity, geom etric

fre e dom , shorte r le ad  tim e , can  be  a ll e xploite d  for

obtaining useful products which can decrease  the  surgical

tim e , reduce  som e  of the  costs, im prove  inte rvention

accuracy by better fitting patients’ specific needs.

However, despite  these  advantages and the  increased

use  o f AM in  m e d ic ine , 3D-prin te d  in strum e n ta tion

(sca lpe ls, fo rce ps, ne e d le  d rive rs, ha nd le s, c la m ps,

hem ostats) represents a re latively new type of application

[10-12]. In this context, the  current article  adds knowledge

to the  fie ld by presenting the  design and m anufacturing

proc e ss  o f a n  e rgonom ic  ha nd le  fo r a n  a c e ta bu la r

cem ented cup insertion instrum ent, aim ed at solving a

practical need.

For m e d ica l instrum e nta tion , ta ilo ring the  de vice

(custom ization ve rsus m ass production) according to

surgeon pre fe rences in te rm s of e rgonom ics use  is an
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im portant c rite rion  a long functiona l and  ste riliza tion

requirem ents, cost and m anufacturing tim e.

Modern cem enting techniques are  re lated with long

term  survival in cem ented total hip arthroplasty (THA), for

a ssu rin g a  go o d  q u a lity c e m e n ta tio n  a n d , a s  a

conse que nce , for a  good  im plan t bone  fixa tion  and

stability. This is particularly im portant on the  acetabular

side where the anatomy make difficult to reach out a correct

p re ssu riza tion  te c h n iq u e . Ce m e n t in te rd igita tin g is

extrem ely im portant in achieving good cem ent fixation by

applying a constant pressure to the acetabulum and cement

for 1 to 3 m in using a pressurizer. The next surgical step is

to  re m o ve  th e  p re ssu rize r a n d  in se rt th e  c u p  in to

acetabulum  containing the  pressurized cem ent, se t into

the correct position and a pressure  is maintained until final

se ts of the  cem ent occur. In this stage , the  surgeon applies

constant and  continuous pre ssure  force  through the

acetabulum -cem ent cup construct for 3-4 m in at 80-100N,

followed by 7-9 m in at 25-30N [13-15]. This is done using

a n  a c e ta b u la r c e m e n te d  c u p  in se rtio n  in s tru m e n t

(inserter), which in the  m ost cases, has a handle  with a

cylindrica l shape . This shape  lacks e rgonom ics and

predispose  surgeon to early fatigue, potentially leading to

pre ssure  loose ning and conse que ntly inte rfe ring with

proper cem ent technique.

Therefore  the  need to design and m anufacture  a cost

effective , ergonom ic handle  which can adapt to inserters

with cylindrical grips/handgrips, be  easy to place  and

rem ove off the  instrum ent, not be  bulky and, obviously, be

sterilizable .

Experimental part

Material and m ethod

Design process

Starting with the  medical need and with the  dimensions

of the  inserter grip, a handle  was designed in CATIA V5

(fig.1). It includes an asym m etrical T like  gripping zone

sh a p e d  a c c o rd in g to  su rge o n  p re fe re n c e s , h a n d

dimensions and handle and instrument position during use,

and a cylindrical zone with an internal channel allowing

the  coaxial placem ent of the  handle  along the  inserte r



http://www.revmaterialeplastice.roMATERIALE PLASTICE ♦ 55♦ No. 4 ♦ 2018 631

Fig. 1. The  shape

and dim ensions of

the  handle

prototype

Fig. 2. Handle  3D printed in longitudinal

dire ctions

Fig. 3. Handle  3D printed in transversal

dire ctions

handgrip. For avoiding the rotation between the handle and

the  inserter grip, a slot is provided in order to reduce the

internal diam eter using a screw-nut fixation.

3D printing process

Th e  m a te ria l u se d  fo r th e  d e s ign e d  d e vic e  is  a

the rm oplastic  plastic  com m only use d  in  3D Printing,

nam e ly Acrylonitrile -Butadiene -Stirene  (ABS). ABS co-

polym e r conta ins che m ica l rad ica ls w ith  proprie ta ry

properties that generally lead to applications in various fields

su c h  a s  m e d ic in e , a u to m o tive , a e ro n a u tic s , fin e

m echanics, and so on.

The mechanical properties of this material are presented

in literature  [16-21]. However, in each research these  are

determ ined based on testing specim ens m anufactured by

va r yin g d iffe re n t p ro c e ss  p a ra m e te rs  se ttin gs  a n d

a n a lyzin g th e ir in flu e n c e  o ve r, m a in ly, te n s ile  o r

com pressive  strength [18]. Therefore , for this case  study,

the  m echanical properties values were  those  determ ined

in a previous research [20]. Anisotropy is specific to 3D

printing [16-18, 21] and it should be  taken into account

when sim ulating prints behavior using software  tools. This

aspect was also considered in our study.

Experim ental testing aim ed at determ ining m echanical

and elastic properties was performed on a 100kN INSTRON

8800 Universal Hydraulic m achine  for traction tests (from

am bient to m axim um  tem perature  of 1000oC), three-point

bending, com pression and tests of fatigue .

Following tests and after processing experim ental data,

th e  c h a ra c te ris tic  c u rve s  o f th e  m a te ria l u n d e r

c o m p re ss io n  w e re  o b ta in e d  [ 20] . Th e  re su lts  o f

experimental investigations were used also in this research

as the  handle  prototypes were  m anufactured in the  sam e

m anufacturing conditions, i.e . on the  sam e m achine , with

the  sam e  proce ss pa ram e te r se ttings and  from  ABS

m aterial from  the  sam e producer.

For 3D printing the  handle , Mojo printer from  Stratasys

and ABS material were  used. The value  of layer height was

0.178m m ; the  infill was se t to solid (100%), while  the

support structure  was se t to Sm art. The handle  in figure  1

was printed in horizontal or vertical position, with several

variations also on slot dimensions and of the fastening zone.

The  m anufacturing tim es were : 9h39m in for horizontal

position (108cm 3 and 18.4cm 3) and 12h4m in for vertical

position (108cm 3 and 20.1cm 3).

The  building orientation is a  ve ry im portant aspect,

influencing the  m echanical prope rtie s of the  3D print.

Researches in this fie ld re lated to the  influence of printing

orientation, infill and raster orientation on the compression

strength [16-19] showed that m anufacturing the  part at

100% infill, 45o/-45o raste r angle  and ensuring that the

com pressive  load is carried axial (perpendicular to the

building direction) and not transversal can provide optimal

com pressive  strength (the  transverse  specim en had 15

pe rc e n t low e r c om pre ssive  s tre ngth  tha n  the  a xia l
specim en [17])

Handle s have  be e n 3D printe d in two orie nta tions:

longitudinal and transverse , as it can be  seen in figures 2
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Fig. 4. Handle  physical

prototype

Fig. 5. SOLID187 geom etry

Fig. 6. Handle  m eshed m odel

and 3. The physical m odel of the  prototype is presented in

figure  4.

c o n s id e re d  o p tim a l a s  s tre n gth , fu n c tio n a lity a n d

ergonom ics, sterilized and used in surgery (fig. 8).

Results  and discussions

Num erical analysis

The  in itia l de sign w as subje c te d  to  fin ite  e le m e nt

analysis (FEA) using ANSYS software . The  idea was to

analyze  the  effect on handle  strength when prescribing

diffe re nt d im e nsions for the  slot ( le ngth) , a s w e ll a s

different distances between the  geom etrical features/ears

of the  fastening zone.

The geom etrical 3D m odel was im ported into ANSYS

program , a num erical analysis program  that uses the  finite

e le m e nt m e thod  (FEM) a s a  so lve r. The  purpose  of

num erical sim ulation was to determ ine the  state  of stress

and deformation in the model according to the mechanical

loadings to which it is subjected.

For the  num erical calculation the  3D geom etric m odel

was meshed with three-dimensional finite  e lements of the

SOLID type (fig. 5).

Fig. 7. Application of exte rnal

loads and constraints

After the  meshing process (fig. 6), the  whole  model was

divided into a finite  network of e lements consisting of 8914

nodes and 4882 e lem ents. For the  application of loads, the

com pressive  force  was calculated as 1000N, equivalent

to a m ass of 100Kg.

In term s of bonding conditions, considering that handle

cove rs a  m edical instrum ent used in the  im plantation

procedure , it was considered the  inner handle  is blocked

in all directions so the  entire  inner surface  is not giving any

m ovem ent (all degrees of freedom  were  canceled). The

clam ping screw has not been m odeled, but the  clam ping

effect has been sim ulated by im posing 1 m m  le ft-right

directions, as it can be  seen in figure  7.

Testing

Different designs of handles were tested by placing them

on the  ace tabular cem ented cup insertion inserte r and

fixing them  with screw-nut. Obse rvations we re  m ade

regarding the  m odifications suffered by the  handles when

subjected to different loads. After tests, one  design was

Fig. 8. Handle  used in

su rge ry

After se tting the  boundary conditions, a  linear static

structural analysis was perform ed in order to evaluate  the

s tru c tu ra l in te grity o f m o d e l. Th is  w a s  c h o se n  fo r

determ ining the  stress state  that propagates in the  m odel,

for ca lcula ting the  norm a l stre ss on  the  d ire c tion  of

application of the  com pressive  force  and for calculating

the  equivalent stress using the  vonMises criterion.

Analyzing the  figure  9, it was noticed that the  m axim um

equivalent stresses are  concentrated in the  gripping area

of the  handle  on the  m edical instrum ent. The m axim um

value  of the  equivalent stresses was 181MPa. Com paring

this value to the compressive strength value of ABS material

used for m anufacturing the  handle , the  conclusion was

that in that area the  structure  loses its structural integrity

a nd  the  re pe a te d  use  o f the  ha nd le  ca n  de te rm ine

b re a kin g. Th is  o b se r va tio n  w a s  c o n firm e d  d u rin g

experim ental handle  tests (fig. 10). After successive  tests
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Fig. 11. Equivalent

stre ss distributions in

optim ized handle

Fig. 10. Delam ination of the

handle

The re fore , the  ne xt stage  of re se arch consiste d  in

op tim izing the  m od e l a nd  s tre ngthe n ing the  sc re w

clam ping area. In this sense , the  handle  was redesigned

to optim ize  the  area of the  screw fastening and the  slot

length. After resuming the numerical analysis, the following

results were  obtained which are  shown in figure  11.

Analyzing the  results presented in figure  11 it is found

that the  m axim um  value  of the  equivalent stress is less

than the  com pressive  strength of the  m aterial used in the

m anufacture  of the  handle .

Conclus ions

Several conclusions could be drawn from the case study

presented in this paper:

Attention should be  paid when designing for 3D printing

by taken into account that the  m echanical behavior is

influenced also by the  building orientation;

Num erical analysis can be  used as an efficient m ethod

for determining and improving the mechanical behavior of

3D printing objects;

The developm ent process presented can be  applied to

other 3D printing devices. However, one should remember

that tensile  and com pressive  strength, for instance , are

d e p e n d e n t o n  p ro c e ss  p a ra m e te rs  a n d  3D p rin te r.

Therefore , the ir values should be  determ ined on testing

specim ens before  FEM analysis.

Fu rth e r re se a rc h  w ill b e  foc u se d  on  topo logic a l

optim ization of the  handle  using ANSYS for reducing its

w e ight and  be ne fiting of one  3D prin ting te chnology

advantage, i.e . to m anufacture  com plex shapes parts, very

difficult or costly to be  m anufactured using traditional

technologies. Reducing handle  weight will also impact the

m ate ria l consum ption, costs and m anufacturing tim e ,

considering that 3D printing the  handle  is currently a long

process.
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Fig. 9. Equivalent stress

distribution

on physical handles, including tightening and re leasing of

screw-nut and applying different com pression forces, a

splitting of the  layers happened in the  m entioned area, for

one handle  design.


