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Abstract

Purpose: The emerging Three-dimensional (3D) modelling improves intraoperative visualization, management, and analy-

sis of available imaging data, the 3D form of available image, provides the surgeon with a better comprehension of the ge-

ometry, size, and exact relationship between target and normal tissue. The role of 3D modelling in orthopedic pelvic and

hip surgical planning is brought to focus.

Methods: The Medline database was searched using the keywords 3D printing, three dimensional printing, 3 dimensional

printing and the results were screened for pelvis and hip surgery related full text articles. The duplicates and non-related arti-

cles were removed.

Results: The articles were used to build a review with focus on Acetabulum, Pelvis, Hip and sacrum. We found that the role

of 3D printing is non-negligible. The advances made with the help of 3D printing are wonderful and promising. The use of

3D saw its application in many fields. But the orthopedic surgery to our observance has benefitted the most till now.

Conclusion: With the advances in the technology it is needed to make the 3D modelling easier, quicker, accurate, cost effec-
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tive and reliable to help implement its deeper use in orthopedics. The authors believe that the 3D printing is an enormous

help for the orthopedic surgeons which will only lead to positive outcomes.

Keywords: 3D Modelling; Pelvis; Hip; Acetabulum; Orthopedic Surgery; Review

Introduction

The very process of producing the three-dimensio-

nal  (3D)  objects  by  the  use  of  constructive  geometry  from

available  images  and rendering  them to  solids  is  called  3D

modelling. The sources of the images can either be magnet-

ic resonance imaging, functional magnetic resonance imag-

ing,  magnetic  source  imaging,  computed  tomography,

positron emission tomography,  single  photon emission to-

mography,  ultrasound  and  surface  light  scanning  [1].  The

most common modality of imaging in orthopedics is X-ray.

Other modalities such Computed tomography (CT) scann-

ing, Magnetic resonance imaging (MRI) are also commonly

used. Any surgical procedure will  tend to have good surgi-

cal results if preoperative planning is done. The use of imag-

ing modalities helps determining the approach to deal with

target  tissue.  Therefore,  it  is  of  utmost  importance  that

imaging  is  used  in  orthopedics  procedures.  This  use  helps

in  diagnosis  and  planning  the  procedure  and  execute  the

plan  successfully.  The  3D  printing/  modelling  is  a  rapidly

rising  imaging  modality.  The  surgeons  have  started  using

this in almost all  fields of orthopedic surgeries. The 3D re-

constructed  images  help  in  obtaining  graspable  knowledge

of patient’s pathological, traumatized, and normal bone and

soft  tissue.  This  greatly  enhances  the  surgeon’s  knowledge

about the target tissue and surrounding tissue which help in

preprocedural  planning  and  procedural  execution  for  best

operative  outcomes.  This  also  helps  in  patient  specific  3D

printed instrumentation and precise surgical results. Today,

thanks  to  3D  modelling,  patient  specific  customized  casts,

prosthesis,  and orthoses  are  being manufactured,  these  are

not  only  limited to  orthopedics  [2-6].  The computer  aided

and robotics surgery have been used to improve the accura-

cy  of  component  positioning  in  hip  arthroplasty  but  have

had limited uptake because of high costs, increased operat-

ing times, and other logistic issues. There are reports about

the image guided arthroplasty [7,8], yet the data shows that

conventional surgery is still the choice [9]. Further recently,

patient-specific  instrumentation  has  been  developed  to

guide  the  positioning  of  components  during  surgery.  This

technique uses imaging techniques such as CT and MRI to

plan surgery in a virtual 3D environment. The surgeon can

then plan prosthesis orientation and position in relation to

a chosen standard frame of locus and execute the plan using

simple intraoperative patient specific guides.

Trauma fractures commonly present as intra-artic-

ular fractures (tibial plateau), usually caused by elevated-dy-

namism trauma.  Different  injury mechanisms lead to vari-

ous types of fractures.  They are complex intra-articular in-

juries with implications for articular congruity, cartilage in-

tegrity and extra-articular structures [10]. The goals of trau-

ma fractures' treatment are anatomic reduction of the articu-

lar surface, restoration of axial alignment, recovery of joint

stability, and rigid internal fixation. Conservative treatment

is only restricted to undisplaced fractures, rarely suitable for

these  fractures.  The  anatomy  of  the  tibial  plateau  is  com-

plex, and the nature of such fractures often associated with

implications  for  articular  congruity,  cartilage  integrity  and

extra-articular  structures,  which  bring  great  difficulties  to

surgical  treatment.  Tibial  plateau  fractures  are  challenging

to  treat  because  of  the  difficulty  of  reducing  and  retaining

multiple articular fragments as well as correct restoration of

axial alignment [11]. In the practice, conventional surgeries

of open reduction and internal fixation have proven to be re-

liable,  but  the  outcome  of  these  treatment  is  still  far  from

perfection and satisfaction until now. The preoperative pre-

parations play a fundamental part in the treatment of tibial

plateau  fractures,  including  the  design  of  the  surgical  ap-

proach,  the  process  steps  for  reduction,  the  placement  of

the  implants,  and the  need for  bone grafts.  Surgeons  often

need to conduct preoperative preparations based on the re-

sults of auxiliary examinations (X-ray, CT, MRI). However,

it  is  difficult  to  visualize  the  morphology  of  fracture  site

ideographically  by limited insight  on screen,  let  alone pro-

jecting  specific  preoperative  surgical  plans.  The  empirical

operations unsurprisingly lead to errors in the choice of op-



3

JScholar Publishers J Cancer Res Therap Oncol 2024 | Vol 12: 205

erative approach and internal fixation. As a consequence, th-

ese errors cost time and effort during operation, increase in-

traoperative blood loss, have remorseful impacts on the out-

come,  even  complicated  with  infection,  implant  failure,

knee stiffness, knee instability, posttraumatic osteoarthritis,

etc.

The Medline database was searched using the key-

words 3D printing, three dimensional printing, 3 dimensio-

nal printing (Figure 1).

Figure1

Here we present the current work with the use of

3D  modelling  in  orthopedic  pelvic  interventions  with  the

use of  3D modelling,  summarize the work done so far and

describe the evidence regarding its use in clinical practice.

Discussion

Acetabulum

Zeng.  C  et  al.  [12]  prospectively  studied  10  pa-

tients with acetabular fractures. The fractures were anterior

column in 3 cases,  T shaped in 1 case,  1 case with a trans-

verse and posterior wall fracture and 5 cases of both column

fractures. The authors made virtual simulation of reduction

and to judge the length of screws. Then the manipulated im-

ages were used to print a real size model of the patient’s ac-

etabulum  to  pre-bend  the  plates  for  simulated  fixation

which resulted in preplanned outcome of the fixation. Most

of what they simulated overlapped with the surgical results,

except  in  some  cases  the  screws  used  in  simulation  used

were longer than the one used in actual surgery. This marks

a point for improvement where actual calculations are need-

ed for excellent results. On the other hand, 7 patients had a

displacement of  fracture reduction of  less  than 1mm while

the other 3 cases had a displacement f 1-2mm. It is a negligi-

ble displacement with room for improvement as translation

from images to 3D printed model and simulated application

are prone to errors, hypothetically.

Cao L et al. [13] compared the use of a novel posi-

tioner for the accurate sitting of the acetabular component.

The positioner was used to determine the rotation center of
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the hip. Post-operative radiologic assessment of the rotation

of the hip the inclination angle and the anteversion angle of

the  cups  in  both  groups  showed no difference.  The  scatter

of the vertical and horizontal dislocation deviated from the

targeted  zone  by  5mm.  the  difference  was  significant  be-

tween both groups. If the center of rotation is not fixed the

longevity  and  the  clinical  outcome  might  be  affected.  And

malposition of  the  rotation center  of  the  hip  may result  in

pseudosubluxation.  All  the cases  in novel  positioner  group

32/32 and 24/40 cases in conventional group fell within the

target  zone.  The  postoperative  functional  and  radiological

improvements  in  patients  showed that  the  use  of  the  posi-

tioner helps to restore the center of rotation more precisely

and provide better results yet in short term. A longer follow

up is needed to establish the effectiveness.

Chen  X  et  al.  [14]  performed  an  experimental

study  for  fixation  of  plates  and  screws  of  acetabular  frac-

ture. They used 14 adult cadaver pelvises to obtain comput-

ed  tomographic  scans  in  order  to  prepare  3D models.  The

fractures were produced in software according to Judet-La-

tournel  fracture  lines.  The  software  was  then  used  to  pre-

pare  guiding  template  which  was  then  printed.  Then  the

template  was  used  for  prebending  the  plates.  The  plates

were  placed  with  screws  using  ilioinguinal  approach  and

Kocher-Langenbeck approach. The cadavers were then fur-

ther scanned after fixation. There was no penetration report-

ed. There was no significant difference between the entry or

exit  points.  The  guiding  template  and  bending  module

helped  in  accurate  placement  of  the  plates  and  screws  for

the treatment of the acetabular fractures and opens a hori-

zon for future individualized surgical outcome.

Li BF et al [15] analyzed 50 cases of acetabular frac-

tures. The digital anatomical 3D models were used, for simu-

lated fracture reduction. The 3D printed pelvic model were

then  printed  for  definite  diagnosis  and  to  understand  the

type of the fracture for surgical planning. The operative find-

ings were consistent with the 3D models. This aided the au-

thors  in  shortening the operative  time,  reduction in bleed-

ing. The Matta score revealed that the anatomical reduction

was possible in 41 cases and satisfactory reduction in 9 cas-

es.  Further,  Harris  functional  criteria  placed  32  patients  in

excellent, 12 in good and 6 in acceptable outcome category.

This  meant  that  the  translation  of  the  spatial  relation  and

anatomic structure was accurate and its assistance in surgi-

cal planning and outcome is noteworthy.

Liu  X  et  al  [16]  also  studied  the  use  of  3D  mod-

elling and computer simulation in preoperative planning of

the  acetabular  fractures.  This  was  a  retrospective  analysis.

There were 53 patients with pelvic fractures in their analy-

sis. There were 34 patients in conventional treatment group,

and 19 patients in 3D features assisted group. as with previ-

ous  studies,  the  intraoperative  blood  loss,  transfusions,  re-

duced fluoroscopy time and operative time, were significant

as  compared  to  the  conventional  group.  When  assessed

with Mattas scores, the 3D group had excellent or good out-

come in 94.7% of the patients as compared to 82.4% in con-

ventional  treatment  group.  Similarly,  the  hip  function  was

excellent or good in 3D group standing at 89.5% at final fol-

low-up and 85.3% in conventional group.

Upex P. et al [17] worked on a both column frac-

ture  of  right  acetabulum  in  a  39  years  old  male.  The  3D

model of horizontally reversed left  healthy hip was used to

pre-contour  the  plates  for  fixation.  The  sterilized  plates

were  then  used  for  satisfactory  reduction  and  fixation  on

the  fracture,  although the  plates  were  pre-contoured based

on  the  healthy  hip  assuming  that  both  hips  are  identical,

still the outcomes were acceptable as no further contouring

was  needed  to  fix  the  plates.  Rest  of  the  post-operative

course was uneventful. They estimated that the pre-contour-

ing saved approximately 30 minutes of operative time. The

authors  emphasize  on  the  use  of  this  technology  to  save

time, money and to further implement this technology to re-

duce monopolized effect of industry because of huge differ-

ence in cost.

Mai JG et al  [18] reported the use of complex ac-

etabular  fracture  with  the  use  of  3D model.  They  used  ac-

etabular  wing-plate  customized  for  each  patient  with  the

help  of  3D  model.  As  per  Letournel-Judet  classification,

there  were  anterior  and  posterior  hemitransverse  fractures

and 6 both column fractures, without posterior wall fracture

or  contralateral  pelvic  fracture.  The  acetabular  wing-plate

was printed with titanium. And they treated all the fractures

from lateral rectus approach. The anterior column and qua-

drilateral surface fractures were fixed with 3D printed titani-

um  wing-plate.  The  posterior  column  fractures  were  re-
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duced and fixed by antegrade lag screws under vision. The

outcomes were excellent to good for anterior and posterior

columns.  There  was  one  case  (75  years  old  female)  had  a

loose screw in the pubic bone at 1-month follow-up, but no

intervention  was  done  as  patient  did  not  complain  of  any

discomfort.  By the Matta score the reduction was excellent

in 3 cases, good in 4 and fair in 1 case. The bone union was

noticed in all cases. According to the modified Merle D′Au-

bigné and Postel scoring system, 5 cases were excellent, 2

cases were good, 1 case was fair. The follow-up time is short

in this series and long term follow-up is required to further

strengthen their observation.

Cai  Z.  et  al  [19]  studied  the  use  of  computed  to-

mography  in  accurately  measuring  the  acetabular  antever-

sion  in  children  with  developmental  dysplasia  of  the  hip.

There  were  186  children  with  developmental  dysplasia  of

the hip. All  the patients were unilaterally affected. None of

the children had any neuromuscular disorder or other con-

genital malformations. The outcomes of the measurements

were  consistent  within  the  3D  computed  tomography  and

the 3D printed model, but were not consistent with the 2D

computed tomography. Their results show that the 3D com-

puted tomography is more accurate than the 2D, as the re-

sults of 3D were basically consistent with the actual degree

of  the  acetabular  anteversion.  The  study  is  limited  to  chil-

dren  with  developmental  dysplasia  of  the  hip,  the  authors

did not analyze acetabular abduction angle and anteversion

angle of the femoral neck to evaluate the pathology changes

of the hip joints which require further studies.

Wan L. et al [20] presented a comparative study of

96 patients divided in two groups as 3D and conventional to

compare the feasibility and value of reduction. Both groups

had equal number of patients. There was no statistical differ-

ence  in  general  data  and  acetabular  fractures  in  both

groups. The 3D group was significantly better than the con-

ventional group by the means of shorter operation time, less

bleeding  and  the  number  of  intraoperative  fluoroscopies.

The rate of complication was higher in conventional group.

There  was  no  significant  difference  in  reduction  quality  of

the  both  groups.  The  results  show  that  3D  help  can  assist

the surgeons for better outcomes, yet the reduction quality

might be same.

Zhou  X.  et  al  [21]  studied  the  significance  of  the

3D arterial model in the management of the delayed recon-

struction  of  acetabular  fractures.  The  skeletal  and  arterial

models  were  accurate.  The  reduction  and  fixation  were

smooth  and  the  superior  gluteal  artery  injury  was  avoided

with the help of printed model.  The superior gluteal artery

was ligated in 1 case, as there was no possible way in preop-

erative planning, while in all other cases the superior gluteal

artery  was  preserved.  The  implants  were  pre-contoured.

This made the fixation easier. The implants were fixed suc-

cessfully in 6/8 patients without further adjustments in con-

tour. While in 2/8, in case 1 a fragment was unreliably fixed

by  the  plates  and  unexpectedly  a  screw  was  needed  to  en-

hance the fixation,  and in the other case the,  the four-hole

plate was not fixed easily as the space limited the options so

the plate was shortened. The outcomes were anatomical re-

ductions  in  4/8,  and  imperfect  reductions  in  4/8.  The  au-

thors did not mention the use of scores to judge their reduc-

tion or functions postoperatively.

Wan  L.  et  al  [22]  studied  the  curative  effect  and

prognosis  of  3D printed  titanium alloy  trabecular  cup  and

pad  for  acetabular  defect  of  hip  joint  revision.  There  were

42 patients, 22 in observation and 20 in control group. The

preoperative  Harris  score  was  not  statistically  significant

among groups. The Harris score was significant postopera-

tively in observation group. the pain VAS score was not sig-

nificant  before  operation  among  groups.  The  pain  VAS

score was significantly lower in observation group postoper-

atively. Similarly, the quality of life SF-36 score was signifi-

cantly in observation group. the follow-up time is short, on-

ly  for  1  year  after  operation.  A  long-term  follow-up  is  re-

quired to  further  ascertain  the  effects  of  3D printed titani-

um alloy trabecular cup and pad as compared to convention-

al.

Liu ZJ et al [23] successfully used 3D modelling in

reduction  and  fixation  of  the  complex  acetabular  fracture.

The  simulated  operation  was  performed  to  plan  for  the

surgery  day.  The  preoperative  simulation  resulted  in  ana-

tomical  reduction  and  decreased  operative  time  and  blood

loss.  The  simulated  operation  is  free  of  soft  tissue  so  the

length and number of plates might be different in actual oc-

currence which is a matter to study carefully.
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Deng A et al. [24] reported a patient with acetabu-

lar  fracture  which  as  operated  laparoscopic  assisted  opera-

tion with the guide of  3D printed model.  The authors  also

report  shortened  postoperative  recovery  time  due  to  opti-

mal  surgical  outcomes  which  promoted  the  rehabilitation

process successfully.

Fukushima  K.  et  al  [25]  reported  the  use  of  3D

model  for  the  periacetabular  osteotomy  in  young  adults

with developmental hip dysplasia. Due to its steep learning

curve,  the  authors  thought  that  a  preoperative  simulation

on a model with help to improve the outcomes and decrease

the learning curve to effectively perform periacetabular os-

teotomy.  They  performed  a  surgery  with  the  help  of  3D

model which on simulation enlightened that if a convention-

al  osteotomy  is  performed  there  will  be  anterior  impinge-

ment.  So,  a  modified osteotomy was performed which had

better outcomes. The authors have only one case to support

the outcomes. A longer study with more cases is required to

establish the outcomes.

Duncan JM et al [26] reported the use of 3D print-

ed model in the treatment of a both column acetabular frac-

ture. The help of 3D printed model guided for exact opera-

tive plan and authors feel that it helped them avoid dual or

extensive approach in the treatment of this case. The tactile

help lead them to anatomical  reduction.  They also implied

on further  exploration  in  the  field  of  3D modelling  as  this

helps in greater outcomes.

Kavalerskiy GM et al [27] reported 17 cases of revi-

sion surgery with complex acetabular defects. With the help

of 3D models, severe acetabular defects (Paprosky IIC, IIIA,

IIIB)  revision  surgeries  were  performed  successfully.  They

noted  the  size  of  the  planned  and  used  components  were

same in 64.3% of cases. While in other cases the difference

was  not  more  than  2mm.  while  in  all  cases  the  type  of

planned and used augments were same. This shows another

successful use of the 3D modelling method in complex surg-

eries.

Maini  L.  et  al  [28]  performed  a  randomized  case

control  study  of  21  patients  with  acetabular  fracture.  Pa-

tients  in  case  group  were  operated  with  help  of  3D  model

while  those  in  control  underwent  conventional  approach.

They report  less  blood loss,  operative  time and better  ana-

tomical  reduction  in  case  group.  The  reduction  of  case

group was  statistically  significant  as  evaluated by the  com-

puted tomography. The pre-contoured plates fitted well in-

traoperatively.  The  pre-contouring  is  useful  but  the  results

were  insignificant,  this  might  have  arisen  from  the  small

sample  and  varied  fracture  pattern  in  cases.  So  a  further

study  with  same  fracture  types  will  be  helpful  in  pre-con-

touring assessment.

Shon HC et al [29] also reported the beneficial use

of  3D  modelling  in  both  column  acetabular  fracture  with

limited exposure through an incision 3cm above the pubic

symphysis.  If  needed  another  incision  for  lateral  window

was  made  along  iliac  crest  for  fractures  extending  to  ileac

crest or posterior column fractures. The resultant reduction

was excellent in 4/5 and good in 1/5 according to Matta cri-

teria.  The  functional  outcome  was  good  in  all  patients  by

modified Merle d’Aubigne score. The limit in the study was

the modelling, as the author could only print one connected

form.  Therefore,  a  displaced  fracture  a  gap  between  frag-

ments was seen as connective entity. This connection need-

ed to be cutout and separation. This could lead to severe mi-

sunderstandings.

Heunis JC et al [30] report an unfortunate case of

21-year-old  male,  with  metastatic  osteosarcoma.  The  me-

tastatic  focus  was  in  left  posterior  inferior  rim  of  acetabu-

lum. The patient underwent successful resection of the me-

tastatic lesion. The operation was planned with a 3D model

to  delineate  the  osteotomy.  He  returned  to  his  normal  life

routine  afterwards.  The  case  shows  successful  use  of  3D

modelling  in  a  complete  osteotomy.  The  patient,  later

passed  away  3  years  after  hi  initial  diagnosis  due  to  recur-

rent metastasis. Author imply that such resections can pro-

long the survival  of  a  patient  or a  cure.  Authors also point

to upfront costs of the 3D modelling which are ~3000USD.

Brouwers L et al [31] studied the interpretation of

the acetabular fracture according to Judet- Letournal classifi-

cation  between  observers  of  different  levels  of  the  experi-

ence. They observers were asked to state their preferred ap-

proach  in  treating  the  observed  fracture.  When  using  3D

modelling model there was more agreement on surgical ap-

proach  as  compared  to  the  virtual  reality  model.  The  time

used to classify these fractures was not different among the
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observers. The Judet-Letournal classification is still difficult

to  interpret.  Yet  the  authors  found  that  the  3D  modelling

was  superior  to  virtual  reality  in  classifying  the  fracture.

And the 3D modelling technology hold upper hand as com-

pared to virtual reality model, as it can be used in the opera-

tive settings.

Pelvis

Pelvic Fractures

Zenj  CJ  et  al  [32]  used  the  3D  modelling  models

for minimal invasive surgery for internal fixation with plate

of pelvic fracture through a small incision. There were 50 pa-

tients who underwent pelvic fracture surgery for anterome-

dial  internal  fixation.  The  3D  model  was  used  for  simula-

tion  operation  to  identify  optimal  location  for  plate  screw

fixation,  to  template  the  plate  according  to  the  bone  con-

tour. The model also assisted in screw length measurement

and screwing approach. The diaplases and internal fixation

was  undertaken  from  extraperitoneal  space.  The  outcomes

were from good to excellent in 96% of the patients.

Postoperative radiographs showed close similarity

in  the  internal  fixation  on  patient  and  3D  model.  The  3D

model helped them to a great extent, as no screw breached

the  hip  joint  cavity.  The  operative  time  was  shorter  too.

This  shows that  a  minimal  invasive surgery was done with

ease by 3D model simulation prior to operation.

Yang  H  et  al  [33]  also  evaluated  unstable  pelvic

fracture  internal  fixation  by  the  use  of  cannulated  screws

with the help of 3D printed insertion template. They had 10

patients in the study. Most of the patients were males 7/10.

There  were  6  patients  with  sacral  fracture,  1  case  with

sacroiliac  joint  dislocation,  3  cases  of  iliac  bone  fracture.

The 3D model was used for screw fixation and the operative

outcomes were excellent in 8/10 cases and good in 2/10 cas-

es. No complications were reported. The follow up showed

good fracture  healing.  The  simulation resulted  in  excellent

functional  outcome in  9/10  cases  and good in  1  case.  This

shows  that  the  3D  printed  insertion  template  used  by  the

Yang  et  al  was  able  to  guide  them for  precise  and  optimal

screw fixation. This showed that the 3D printed model can

be  used  for  the  treatment  of  the  unstable  pelvic  fracture

screw  fixation.

Nie  WB  et  al  [34]  used  the  3D  model  simulation

along with minimal invasive surgery for the pubic rami frac-

ture. There were 30 patients in their series all of whom un-

derwent minimally invasive surgery aided by the 3D model

for the fixation of the anterior pubic ring. As of earlier two

series  the  surgical  outcomes  were  optimal.  As  of  previous

references, the Matta criteria showed excellent effectiveness

in 22/30 cases and good in 8 cases. On the other hand, func-

tional evaluation of criteria of Majeed showed excellent ef-

fectiveness in 21/30 and goo in 9/30. This outcome suggests

that  the  3D  printed  model  along  with  minimally  invasive

surgery can better treat these fractures. The 3D model helps

in  plate  modeling,  which  will  definitely  shorten  the  opera-

tive  time.  As  like  previous  series  the  surgical  accuracy  im-

proved  and  better  results  were  achieved  as  per  Matta  and

Majeed criteria.

Sanghavi  PS  and  Jankharia  BG.  [35]  presented  a

case of right acetabular fracture, they used the 3D model to

actually  hold  the  fractured  model  over  seeing  it  in  images

which helped them to understand the fracture pattern, un-

derstand  accurate  classification  of  the  fracture,  and  better

understanding of the situation was made clear. Rather than

fixation the decision was changed to total hip replacement.

The  outcome  was  time,  cost  and  material  savings.  Which

are beneficial for everyone.

Wu C et  al  [36] compared the use of  3D printing

model  assisted  surgery  with  the  conventional  surgery  and

found  that,  the  Majeed  criteria  was  significantly  higher  in

3D assisted surgeries and the success rate of sacroiliac joint

screw  fixation  was  of  category  I  in  3D  assisted  surgeries.

There was decrease in operation time, blood loss and fluo-

roscopy  time  when  assisted  with  3D  model.  The  patients

who were operated with 3D model assistance had good wait-

ing  time  for  weight  bearing  exercise  and  function.  They

suggested  that  the  3D  assistance  is  a  good  alternative  for

treatment of unstable fractures.

Hung CC et al [37] also compared the convention-

al  versus  3D  assisted  contoured  plate  fixation  in  the  treat-

ment  of  anterior  pelvic  ring  fracture.  There  were  30  pa-

tients,  16  of  whom  underwent  3D  assisted  surgery  and  14

conventional surgeries. Not surprisingly, the group with 3D

assistance  had  shorter  internal  fixation  time,  surgery  time,
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and less blood loss.

However, the postoperative radiologic results were

same in both groups. This shows that 3D assistance is reli-

able  and  effective  as  compared  to  conventional  approach.

With the help of 3D model, a safer surgery and personalized

surgical plan can be carried out.

Pelvic tumor and 3D printing assisted surgery

Lele  D  et  al  [38]  reported  a  pelvic  malignant  tu-

mor resection and then reconstruction with the help of 3D

model,  and a  custom-made pelvic  prosthesis  fixation,  total

hip  replacement,  pelvic  and  hip  joint  reconstruction  were

carried  out.  This  resulted  in  acceptable  outcome  for  the

surgery. Although the authors reported huge intraoperative

blood  loss  of  4000  ml,  given  the  field  they  were  working,

which is a big point of concern, could this have been avoid-

ed,  the  surgery  would  have  been outstanding.  Future  steps

are to be taken in preventing such intraoperative blood loss

which will promote the use of such custom-made prosthesis

fixation.

Liang H et  al  [39] reported a series  of  35 patients

who underwent  resection  of  pelvic  tumor  and  then  recon-

struction  using  3D  printed  endoprostheses.  A  variety  of

prosthetic  surgeries  were  performed  in  their  series,  which

were  reconstruction  using  iliac  prosthesis,  standard

hemipelvic prosthesis, and screw-rod connected hemipelvic

prosthesis.  All  the patients had an en bloc resection. There

were 25 patients who were alive after a mean follow-up peri-

od of 20.5 months, 5 were still alive with the disease and re-

maining five deceased from metastasis.

While  there  were  delayed  wound  healings  (7/35)

and hip dislocation (2/35). The surviving patients with iliac

prosthesis had a mean musculoskeletal society score of 22.7,

19.8  in  those  with  standard  prosthesis  and  17.7  in  screw

road  connected  prosthesis.  Their  series  shows  good  short-

-term functional results and long-term follow up is needed

to establish a strong case.

Bagaria and Chaudhary [40] reported a multicen-

ter study where 50 patients were enrolled who were operat-

ed by 5 surgeons. The surgeries included periarticular trau-

ma in 24 cases, pelvic trauma in 11 cases, complex primary

in 7 cases, and revision arthroplasty in 8 cases. The 3D print-

ed  models  were  used  in  of  the  surgeries  to  better  unders-

tand the pathoanatomy, and operation simulation.  The 3D

models were sterilized for intraoperative guidance. A ques-

tionnaire  was  used  to  understand  the  opinion  of  surgeons

post each operation. The end results showed that the preop-

erative rehearsal, intraoperative use of sterilized model, surg-

ical  navigation  and  preoperative  implant  selection,  would

probably reduce the surgical time, improve the surgical out-

comes by increasing the accuracy of the fixation. They rec-

ommended it to be used by other surgeons for the obvious

positive results.

Liu X. et al [41] were interested in knowing the dif-

ference  between  common  3D  printed  anatomic  templates

and modified printed anatomic templates for the reconstruc-

tion of pelvis after pelvic tumor resection. The study includ-

ed  38  patients,  19  for  each  group.  The  group  A  patients

were  assigned  for  modified  printed  template  assisted

surgery. The study was based on the zone II and III tumor

resection and postoperative  implant  complications  and tu-

mor  recurrence.  So,  the  authors  came  up  with  the  idea  of

customized  cutting  block.  The  results  showed  that,  com-

pared  to  the  common printed  template  surgery,  the  modi-

fied 3D printed template resulted in shorter operative time,

less blood loss and simpler operation. The other important

outcome  was  lower  tumor  recurrence  and  accuracy  of  tu-

mor  resection.  But  they  also  noted  that  the  rate  of  cus-

tomized  implant  loosening  was  higher  in  the  modified  3D

printed model assisted surgery group, which is a worrisome

point, this needs to be addressed for better future outcomes.

Angelini A et al [42] studied a series of 13 patients

prospectively  for  pelvic  tumor.  There  were  7  cases  of  pri-

mary  bone  tumor,  3  metastatic,  and  3  cases  of  total  hip

arthroplasty.  En  bloc  resection  was  completed  in  all  cases,

with wide surgical margins. There were no reported deaths

due  to  perioperative  complications.  There  were  7  patients

with  no  evidence  of  disease,  a  case  was  alive  with  disease,

and one case with no evidence of disease after treatment of

local  recurrence  or  metastasis.  Another  patient  is  without

evidence of disease after surgical treatment of lung metasta-

sis,  one  patient  died  due  to  metastasis  and  one  was  alive

with metastatic breast cancer on chemotherapy. The report-

ed survival was 100% at 12 months and 80% at 24 months.
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The  complications  were  reported  in  5  cases.  With  minor

complications excluded the survival  was 72% and included

was  62%.  The  musculoskeletal  tumor  society  functionality

score was 80.3% between good and excellent. The use of 3D

printed  prosthesis  is  growing  with  time,  even  customized

implants  are  growing.  The  better  outcomes  were  complete

restoration of the bone defect and acceptable functional re-

sults.

Although the complications rate was high, yet the

outcomes are promising and future development may see a

way to deal with complications.

Han Q et al [43] reported a case of right acetabular

metastatic carcinoma. They designed a 3D printed titanium

alloy hemi-pelvic prosthesis.  The manufacturing was based

on the morphology of the unaffected side. Another 3D print-

ed osteotomy guide was printed to for guidance and applica-

tion in improving the accuracy of osteotomy and to reduce

operative time. The 3D printed hemi-pelvis was successfully

implanted,  there  was  no  loosening  in  their  planned  12

months follow up time. The life quality of the patient report-

edly  improved.  The  work  emphasizes  that  the  use  of  3D

printed models and guides can help in improving the surgi-

cal outcome and quality of life.

Wu  XB  et  al  [44]  worked  on  old  pelvic  fractures

which  are  one  of  the  rare  and  challenging  presentations.

The anatomical accuracy of the 3D printed model was test-

ed by the use of dried cadaveric pelvises. Which was within

the  specifications?  They  operated  on  9  cases  of  old  pelvic

fractures.  The  fractures  were  classified  as  type  C  following

the Tile classification. They were type C3 in four cases, type

C2 with an acetabular fracture in 2 cases, C with an acetabu-

lar fracture in 2 cases and type C3 with a T-shaped fracture

in  1  case.  The  3D printed  templates  were  used  to  plan  the

surgical  correction  such  as  osteotomy  position,  angle  re-

quired to create wedge resection geometry, to select the best

incision, instrumentation and placement of internal fixation

apparatus.  The outcomes were optimal.  There were no pa-

tients with delayed incision healing, wound infection or no-

nunion.  Although  the  results  were  excellent  and  good  ac-

cording to Majeed scores in 77.8 % (7/9) of cases, the poor

outcomes  were  also  high  in  22.2%  (2/9).  There  is  a  huge

room for improvement, although restoring the original ana-

tomy is a real challenge where a lot of dynamics/factors are

affecting the outcomes. Yet the authors have shown another

optimal example of the 3D printed models use in orthope-

dic surgeries.

Hip

Joseph  Z  et  al.  [45]  reported  a  case  of  total  hip

arthroplasty  revision  in  a  70-year-old  female.  They  pro-

duced a full-scale model of the hip joint. The model allowed

for preplanning of revision surgery.  The trials  were under-

taken for acetabular components, to determine the cup size,

position  and  screw  placement  and  to  assess  the  need  for

reaming. Eventually the patient underwent revision surgery.

The 3D model  gave the team confidence boost  as  the con-

ventional methods do not allow for such confidence groom-

ing. This such showed that the help of 3D modelling can be

obtained to plan for complex revision surgeries.

Fang C et al. [46] presented a case of intertrochan-

teric  fracture  of  an  arthrodesed  hip.  Their  approach  was

unique as such presentations are rare due to popularization

of the total hip arthroplasty. The patient was 88 years old fe-

male with history of arthrodesis 16 year ago due to tubercu-

losis.  The  use  of  3D modelling  enabled  pre-templating  the

implant  for  the  procedure.  The  Kirschner  wires  were  used

to fix the template on the model which was optimal. The op-

eration  was  done  with  standard  Smith-Peterson  approach.

The  operative  time  was  69  minutes  from  skin  to  skin.  She

was  able  to  bear  weight  2  days  after  surgery  and  was

discharged 22 days after surgery. Due to rarity of such frac-

tures, is challenging. The use of 3D modelling allowed Fang

et al to completely plan for the surgery beforehand. The op-

eration  was  minimally  invasive.  The  implant  selection  and

templating allowed for a long lever arm of fixation in both

fragments which was important in the case of osteoporotic

bone.

The  outcomes  were  optimal,  with  quick  recovery

and  returning  to  pre  fracture  activity  level  in  4  months’

time.

Tserovski S et al. [47] presented a case of 66 years

old  male  with  history  of  coxarthrosis.  The  preoperative

imaging showed a large right sided pelvic defect and severe

acetabular defect.
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The 3D modelling allowed for recognition of all ar-

eas of  bony deficiency.  The preoperative surgical  drill  with

position simulation was carried on the model. The 3D mod-

el helped in correct acetabular cup and augment were select-

ed. Nevertheless,  the negative features of the 3D modelling

are,  technically  demanding  process,  advanced  computer

skills  and  additional  training.  The  model  completion  is  a

lengthy process.

Zhu  W et  al.  [48]  used  laser  sintering  technology

to print 3D porous titanium into cylinders of different sizes.

Platelets  were  coated  on  a  cross-linked  gelatin  present

within the porous network of 3D-printed titanium. The re-

lease  of  the  TGF-β1  VEGF  were  analyzed  for  expression.

the  in  vivo setup was  made for  skull  defect  in  rabbits.  The

stimulation by low dose growth factor showed excellent re-

generation quality. And the results were promising as com-

pared to the control group. Theirs in vivo studies showed ex-

tensive bone regeneration after the implantation of 3d print-

ed  porous  titanium  containing  platelet  coated  micro  scaf-

fold.  They also observed vessel  regeneration which is  outs-

tanding find. The authors recommended that this discovery

to be used in osteonecrosis of the femoral head as there are

no  satisfactory  treatments  of  large  bone  defects,  which  re-

quire structural support or the areas of no bioactivity such a

femoral head necrosis. Their model stimulates extracellular

matrix  and  accelerates  bone  regeneration.  This  could  be-

come a definite treatment in large defects.

Zhu Y et  al.  [49] combined the ceramic 3D mod-

elling technology with the antibacterial nano- modification.

The  zirconia  ceramic  implant  material  was  obtained  with

precise  3D  structure  and  effective  antibacterial  properties.

The  authors  also  addressed  other  problems  of  zirconia  ce-

ramic  implants  were  effectively  minimized  by  optimizing

the reaction conditions and selective area inversing compen-

sation,  which  resulted  in  more  strength  and  sintering  in-

duced irregular shrinkage reduction. They observed that the

zirconium  dioxide  material,  covered  with  a  layer  of  zin

oxide  nanoparticles.  The  proposed  modification  with  zinc

oxide had no significant effect on the mechanical properties

of the zirconium dioxide. The inflammation was less in zir-

conium  dioxide-zinc  oxide  ceramics.  The  zirconium

dioxide-zinc oxide also exhibited better antibacterial  quali-

ties  than zirconium dioxide ceramics.  The cytotoxicity was

also  less  in  the  authors  proposed  material.  Their  animal

models demonstrated that the implants were in good posi-

tion without dislocation. Which shows the proposed mate-

rial used by the authors can be used for 3D modelling. In ad-

dition  to  these  tests  the  sections  of  surrounding  muscles

and bone tissue showed no significant abnormality and the

bone  growth  was  observed.  Although  they  have  provided

with  a  new  material  for  3D  modelling  with  optimal  quali-

ties, yet long term research is needed to explore the deficien-

cies of this compound.

Sacrum

In order to improve the pelvic fixation outcomes,

Hansen B et al. [50] came up with a training module for S2-

alar-iliac-screw.  In  this  module  postgraduates  from  differ-

ent years of training were trained. The results presented by

the author are noteworthy. A 3D printed Sacral model was

used  for  the  training  purpose.  The  left  sided  free-hand

screw  fixation  was  accurate  to  17%  before  feedback  and

training,  which  improved  to  80%.  Also,  for  the  right  side

free-hand  screw  placement  was  only  accurate  for  7%,  and

improved to 100% after training and feedback. Another ac-

complishment seen during the training was the reduction of

fluoroscopy time. They demonstrated that with the use of a

3D  model  it  was  easy  to  train  the  postgraduates  for  the

screw  placement  and  the  breaches  were  reduced.

Zhang YZ et al [51] developed an image 3D model

on a computer workstation for simulation of screw fixation

and the study was reverse engineered. The tailor-made navi-

gation method was used for each of 6 patients ranging from

type I to III, with one patient accompanied by the neurolog-

ic damage. The translational errors for the drilling were min-

imal. The lag screws were used successfully with the comput-

er  aided  precision  to  fix  the  fracture  while  keeping  the  er-

rors of translation minimal.

Kim D et al [52] reported a case of 3D printed tita-

nium implant post hemisacretomy due to sacral osteosarco-

ma.  This  was  done  with  preservation  of  contralateral

nerves. The patient was able to walk 2 weeks after operation

and had left sided foot drop. The sphincter function though

was preserved.  This  was further  successful  as  1  year  follow

up  showed  good  bony  fusion.  Yet  the  issue  of  strength  of

such 3D printed implant can be a matter of debate.
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Conclusion

Here we see that the use of 3D modelling has its ad-

vantages in the pelvic region. It has seen its use in all ortho-

pedic  sections.  The  professionals  and  scientists  are  using

this  technology  with  more  confidence,  growing  with  each

passing day. The number of publications is also growing in

this field. It  looks assuring that the future of 3D modelling

is  bright.  The  future  holds  more  marvels  of  the  3D  mod-

elling, which will further strengthen its cause. The era is not

far when it will be adopted by other fields to improve clini-

cal outcomes.
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