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_________________________________________________________________________________________ 

Abstract: Human skeleton could have a number of kinds of fractures but, one of the noticeable number of fracture occurs 
in the human body takes place within the femur bone. Among all one of the important reason for this sort of fracture is due 
to it being the longest bone in entire body. Femur bone liable to sustain whole weight of human body. The critical geometry 
and anisotropy traits of this bone has recounted huge importance within the field of biomedical area. Treating these larger 
fractures usually by Bone graft. The material used for a bone graft is frequently required different types of exclusive 
analyses and check for biocompatibility. Bone grafting uses as remedy of the anatomical damage. In spite of that, because 
of biological constrained and dangers associated with autografts as well as with allografts, it needs substitute treatment and 
that may be the Bone scaffold. The bone scaffold is a porous material of customized shape and size, that facilitates to 
develop cells in damaged area. this article gives an in depth assessment of  Dynamic analysis of 3D printed bone scaffold. 
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1. Instruction 

The reasons of most bone disorders and degeneration of 
tissues are categorized into accidental bone loss, or 
fractures, different types of infections, cancer, age group, 
and hereditary diseases, which can all results into damage. 
In spite of this, once the damage reaches to critical point or 
when it exceeds the limit of the bone's regrowth capacity, 
treatment is needed to initiate the natural cell growth and 
to heel the damaged section. Grafting is the current 
treatment in which tissues can be harvested from patients 
own body (autograft) or it can be taken from another 
(donors) body (allograft). Grafting is the painful treatment 
also there are chances of infections and disease to carry 
along with the tissue. Another treatment to overcome these 
issues related to grafting is Bone scaffold. Bone scaffold is 

customised porous structure which help to initiate the 
natural cell growth. 

 The 3D printed bone scaffold has its important 
application in treating the bone defects. The additively 
manufactured bone scaffold can be evaluated based on the 
load carrying capacity, its strength and dynamic behavior 
as well. The different mechanical characteristic plays an 
important role in predicting its behavior in human body. 
There are some of the important and variety of taken into 
consideration while choosing the literature or material for 
the study. The performance of bone scaffold is evaluated 
by static structural analysis and fluid dynamic analysis. 
Static structural behavior helps to identify mechanical 
properties and fluid dynamic analysis help to find out 
proliferation, tissue generation and cell adhesion.

3D printing have its own advantages over conventional 
manufacturing in fabrication of bone scaffold.
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Fig1. Regeneration of natural bone 

2. Review Methodology 
Analysis of bone scaffold include broadly two types of 
analysis; one is static and another is dynamics. In static 
analysis the model is tested for the stationary conditions 
and in dynamic analysis the movement is considered. In 
this article review is specifically presented on Fluid 
dynamic analysis. Number of papers studied which are 
published from year 2006 to 2021. 

 

Fig2.Classification of analysis of Bone scaffold  

In the present literature, the review is conducted in a 
systematic way to involve the opted literature articles on 
the involvement of bone scaffold in the medical treatment. 
Firstly, the research articles searched out using the 
combination of key words terms ‘Bone scaffold ’AND 

‘Dynamic analyses AND ‘3D Printing’ AND ‘Mechanical 
Properties’. The online searches were carried out to collect 
the research articles. Only good quality journal such as 
peer-reviewed journals are included in this study. Also, 
only English language articles were included. 

3. Literature review 
A comprehensive review on Bone scaffold, as an alternate 
treatment to damaged or fractured bone. In this section of 
the research article, different essential factors of the bone 
scaffold are taken into study and review which again are 
found out from the research articles published in the area 
of bone scaffold and biomedical. And the brief literature 
review of bone scaffold has been taken through, to 
understand about material and different manufacturing 
processes used for creation of bone scaffold by different 
informative articles. Study of bone scaffold has been 
carried out to facilitate the treatment of bone which is one 
or the other way got damaged. To carry out this important 
review, research articles from more than two decades are 
studied from year 2006 to 2021 are studied and listed 
below: 

Raimondi et al [2006]: Performed computational fluid 
dynamics (CFD) simulations of the flow of culture 
medium through chondrocyte-seeded 3D porous scaffolds. 
They also cultured in a direct perfusion bioreactor, for 
predicting the shear stress acting on cells adhering on the 
scaffold walls [1]. 

They also studied shear stresses acting on the cells and 
conclude about the relationship between perfusion at a 
known micro fluid dynamic condition and the tissue 
growth in VITRO. 

 Milan JL et al [2009]: Fabricated composite scaffold made 
up of PLA and calcium phosphate and carried out static as 
well as fluid dynamic analysis on it they carried out 
perfusion test and found different loading conditions 
promoting bone formation [2] 

Milan JL [2010]: they developed computational model to 
predict the bone tissue formation and simulated 
mechanically for forced controlled dynamic compression. 
They used 1 to 70N ramp force. They have seen under 
experimentations that during high level of stress strain the 
scaffold shows heterogeneous mechanical behaviour 
which again leads to heterogeneous tissue. They concluded 
as the tissue formation of the scaffold is closely depending 
on the loading history [3]. 

Rashia Begum, S [2013]: According to researcher the bone 
scaffold and tissue engineering involved in mechanical 
engineering as well as fluid dynamics. They used CT scan 
data of patient and by reverse engineering they created 3D 
cad model of the scaffold for different porosity. The 
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3Dimentional bone scaffold model tested in CFD software 
for different fluid velocities. [4]. 

Jolanda Rita Vetsch [2013]: Presented the review article in 
which they pointed some of the drawbacks of current bone 
generation technique. And give recommendations about 
scaffold geometries, its mechanical properties, types of 
loading and the nutrient concentrations.[5] 

Begum, s [2015]: Researcher evaluated the bone scaffold 
for its mechanical strength and fluid dynamic behaviour. 
They used CT scan data and method of reverse engineering 
for creating 3D CAD model and they used MIMIC 
software for the same. The 15 customised bone scaffold 
they fabricated using additive manufacturing technique. 
Carried out the experimentation and conclude as the wall 
shear stress is important parameter which helps to decide 
the extent of cell proliferation. [6] 

Campos Marin [2016]: according to researcher 
computational fluid dynamics model can resolve 3D flows 
and nutrient concentrations in bioreactors. They carried the 
research to develop to develop a µPIV approach. They 
have taken the μ-computed tomography geometry for 
scaffold and then included in CFD model. After 
experimentation they concluded as there is correlation 
between velocity profiles computational results.[7] 

Nguyen Khoi Tram [2016]: carried out CFD analysis in 
COMSOL software. They used perfusing fluid as water 
and unidirectional flow was perfused through the 
bioreactor chamber in the longitudinal direction. And they 
found out fluid dynamic viscosity using 𝑅𝑒 = 𝜌 ∙ 𝑢 ∙ 𝑑𝑝 
𝜇.[8] 

Marin, Ana Campos et al [2017]: Researcher claim that 
cell seeding of 3D scaffold is one of the critical steps in 
bone tissue engineering. According to researcher the 
properties of tissue are related to cell distribution and 
density. They developed computational fluid dynamics 
model along with partial tracking velocimetry which were 
applied to check sell seeding inside the scaffold. And 
predicted the effect of gravity and fluid drag. [9] 

Davar Ali [2018]:  according to researcher permeability 
and fluid flow as well as wall shear stress important in 
tissue generation. Researcher claim that fluid properties of 
blood in measuring permeability results into realistic 
results. They carried out CFD analysis of lattice-based 
scaffold. After experimentation they found that the non-
Newtonian flow of blood caused almost twice the 
magnitude of WSS originating from Newtonian blood 
flow.[10] 

Saeid Esmaeili [2019]: another presented case study the 
fractured bone taken and with 3D printing technique and 
using biocompatible material as PLA-HA femur designed 
and tested for different loading such as centralized load, 
partial load and full load. FEA analysis carried out in 
Abacus software.[11] 

T. J. Sego [2019]: perform experimentation in VITRO and 
claimed that computational fluid dynamics should be used 
to drive future construct design and flow application before 
further tissue bio fabrication and perfusion. They build 
CFD model and analysed flow characteristics.[12] 

Aby K Abraham [2019]: - fabricated cobalt chrome 
customised bone scaffold by additive manufacturing and 
evaluated based on the mechanical strength and fluid 
dynamics behaviour. They experimented and studied 
fabricated bone scaffold for the static conditions as well as 
for dynamic conditions. In the experimentation Bone 
scaffold evaluated for different important mechanical 
properties in static structural analysis and fluid behaviour 
in fluid dynamics. After experimentation they conclude as 
the implant can be in human body for long term. [13] 

Zhen Wang [2019]: author used reverse engineering 
specifically to construct bone scaffold. Fluid of the 
scaffold simulated through numerical method based on 
finite volume method. They also carrier out VITRO 
experiment and evaluated for cell proliferation and the 
mass flow in computational fluid dynamics.[14] 

Ali Reza Saatchi [2019]: Fabricated cubic bone scaffold by 
additive manufacturing technique and tested it for different 
angular orientation and for different perfusion bioreactors 
inlet flowrate. After experimentation they found out as by 
decreasing the angular orientation between strands in each 
layer and by increasing the inlet flow rate of a perfusion 
bioreactor, the magnitude of different parameters and 
distribution of fluid velocity, fluid shear stress, and wall 
shear stress inside the scaffold increased. The average fluid 
velocity, average fluid shear stress, and average wall shear 
stress inside the scaffold within the bioreactor increased 
linearly with the inlet flow rate. [15] 

Babar Pasha Mahammod [2020]: carried out 
experimentation on fluid dynamic analysis on the 3D 
printed bone scaffold. For investigating permeability of 
HA-PMMA 65% porous scaffold. They have considered 
Newtonian and non-Newtonian model and found that, the 
permeability in the case of Newtonian scaffold model is 
more than the non-Newtonian scaffold model.[16] 

Linlin Liu [2020]: mentioned that the architecture of bone 
scaffold is an essential parameter to be considered in the 
bone growth. They carried out computational fluid 
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dynamics on two types of structures, strut structure and 
curved structure and found that, osteogenic property of a 
curved structure is better than that of a strut structure, but 
the mechanical property is not as good as that of the strut 
structure.[17] 

Fuyuan Deng [2020]: explained about the characteristic of 
bone scaffold as Porosity, porous size, structure of it which 
are together pays important role in bone regeneration. They 
fabricated 65% porous bone scaffold using titanium alloy 
by selective laser melting. And implanted in rabbit for 12 
weeks to evaluate the cell growth in VIVO. After operation 
and taking out scaffold found that Diamond lattice 
structure unit had best bone growth. Also carried out 
computational fluid dynamics to study permeability, 
velocity and flow trajectory. [18] 

Sandra Camarero-Espinosa [2021]: fabricated additively 
manufactured the customised bone scaffold with the 
biocompatible materials PCL and PLA blend. And carried 
out experimentation and tested scaffold for cell 
proliferation, matrix deposition and osteogenic 
differentiation [19]. 

4. Research Gap 

After studying the research articles mentioned above, and 
the summary of table. It has been observed that most of the 
authors have done their research and tested the bone 
scaffold for static compression. As in case dynamic 
analysis they attempted Fluid dynamic analysis for 
evaluating the cell growth and related terminologies like 
fluid velocity, fluid shear stress, wall shear stress, 
proliferation etc. Table 1 shows the research gap. 

Table1: Research gap 

Sr
. 
N
o 

Author Year of 
Publicati

on 

Bone 
scaffold 

Fluid 
dyna
mic 
Anal
ysis 

Dynamic 
force 

analysis 

1 Raimondi 
et al 

2006 Developed 3D 
model  

Done Not 
Done 

2 Milan JL 
et al  

2009 Fabricated  Done Not 
Done 

3 Milan JL 
et al 

2010 Developed 3D 
model 

Done Not 
Done 

4 Rashia 
Begum et 
al 

2013 Developed 3D 
model 

Done Not 
Done 

5 Jolanda 
Rita 
Vetsch et 
al 

2013 Review article Done Not 
Done 

6 Begum, s 
et al 

2015 Fabricated  Done Not 
Done 

7 Campos 
Marin et 
al 

2016 Developed 3D 
mode 

Done Not 
Done 

8 Nguyen 
Khoi 
Tram et al 

2016 Developed 3D 
mode 

Done Not 
Done 

9 Marin, 
Ana 
Campos 
et al 

2017 Developed 3D 
mode 

Done Not 
Done 

10 Davar Ali 
et al 

2018 Developed 3D 
mode 

Done Not 
Done 

11 Saeid Es
maeili et 
al 

2019 Fabricated 
(PLA-HA) 

Done Not 
Done 

12 T. J. Sego 
et al 

2019 Developed 3D 
mode 

Done Not 
Done 

13 Aby K 
Abraham 
et al 

2019 Fabricated 
(Cobalt 
chrome) 

Done Not 
Done 

14 Zhen 
Wang et 
al 

2019 Developed 3D 
mode 

Done Not 
Done 

15 Ali Reza 
Saatchi et 
al 

2019 Developed 3D 
mode () 

Done Not 
Done 

16 Babar 
Pasha 
Mahamm
od 

2020 Developed 3D 
mode 

Done Not 
Done 
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17 Linlin Liu 
et al 

2020 Fabricated and 
implanted in 
rabbit 

one Not 
Done 

18 Fuyuan 
Deng et al 

2020 Fabricated 
(titanium alloy) 
and implanted 
in rabbit 

Done Not 
Done 

19 Sandra 
Camarero
-Espinosa 
et al 

2021 Fabricated 
(PLA-PCL) 

Done Not 
Done 

 

5. Discussion and conclusion 

From above literature review, we found that there are 
various researchers working in the field of bone formation 
and tissue engineering especially in the area of bone 
scaffold and its analysis to proving that bone scaffold is 
more advantageous option as compared to allograft or auto 
graft. The research articles covered in this study are 
relating, manufactured bone scaffold or reviewed bone 
scaffold using various bio compatible plastic, ceramics, 
hydrogel material and as manufacturing technique, 
Additive manufacturing/ 3D printing / RP used over the 
conventional manufacturing methods.. In order to evaluate 
and figure out the properties and behaviour fluid in bone 
scaffold. And how it is important in cell proliferation and 
cell growth. Almost every researcher mentioned in this 
article carried out Fluid dynamic analysis. Few of them 
implanted the 3D printed bone scaffold into animals like 
rat or rabbit, to analyse the natural cell growth in damaged 
section of bone. Still the research was limited to static 
analysis of the 3D printed bone scaffolds. After 
implantation of Bone scaffold in damaged section of bone, 
it would be an integral part of human body. In order to 
make the bone scaffold as successful and advantageous 
treatment for treating bone defect, it is required to be tested 
for dynamic situations as well. How the material will 
behave in dynamic situation needs to be figured out along 
with the natural cell growth. Before going for the dynamic 
force analysis researcher should know about the work 
which has been conducted in this vibrant area of 
biomedical. This research paper presents systematic 
literature review of almost 19 papers in the same area 
which gives us an idea about the number of different 
manufacturing methods other than conventional methods  
used by various researchers, the biocompatible material 
and the testing of mechanical properties carried out by 
them. This review clearly shows till the time study were 

limited to fluid dynamic analysis, so for further study to be 

carried out in this area this paper will be expedient. 
 

Refrences 

[1] Raimondi, Manuela Teresa, Federica Boschetti, 
Francesco Migliavacca, Margherita Cioffi and 
Gabriele Dubini. Micro Fluid Dynamics in Three 
Dimensional Engineered Cell Systems in 
Bioreactors. Mechanics of Biological Tissue 
(2006) 3-540-25194-4. 

[2] Milan JL, Planell JA, Lacroix D. Computational 
modelling of the mechanical environment of 
osteogenesis within a polylactic acid-calcium 
phosphate glass scaffold. Biomaterials. 2009 
Sep;30(25):4219-26. doi: 
10.1016/j.biomaterials.2009.04.026. Epub 2009 
May 28. PMID: 19477510. 

[3] Milan JL, Planell JA, Lacroix D. Simulation of 
bone tissue formation within a porous scaffold 
under dynamic compression. Biomech Model 
Mechanobiol. 2010 Oct;9(5):583-96. doi: 
10.1007/s10237-010-0199-5. Epub 2010 Mar 4. 
PMID: 20204446. 

[4]  Rashia Begum, S., and G. Arumaikkannu. 
“Computational Fluid Dynamic Analysis of 
Customised Tibia Bone Scaffold.” Applied 
Mechanics and Materials, vol. 330, Trans Tech 
Publications, Ltd., June 2013, pp. 698–702. 
Crossref, 
doi:10.4028/www.scientific.net/amm.330.698. 

[5] Vetsch, J. R., Müller, R., & Hofmann, S. (2015). 
The evolution of simulation techniques for 
dynamic bone tissue engineering in bioreactors. 
Journal of Tissue Engineering and Regenerative 
Medicine, 9(8), 903-917. 
https://doi.org/10.1002/term.1733 

[6] Begum, s & Arumaikkannu, G.. (2015). 
Computational fluid dynamic analysis and 
additive       manufacturing of customised bone 
scaffolds. Progress in Computational Fluid 
Dynamics, An International Journal. 15. 197. 
10.1504/PCFD.2015.069590. 

[7] Campos Marin, Ana et al. “2D µ-Particle Image 
Velocimetry and Computational Fluid Dynamics 
Study Within a 3D Porous Scaffold.” Annals of 
Biomedical Engineering 45 (2016): 1341 – 1351. 

Dizhen Dizhi Journal ( ISSN:0253-4967)

Volume XIV, Issue IX, September/2022          10



 

[8] Nguyen Khoi Tram, “A Honors Thesis on FLUID 
MECHANICS SIMULATION OF 3D-
PRINTED SCAFFOLDS IN A BIOREACTOR 
SYSTEM”,2016. 

[9] Marin, Ana Campos et al. “µ-Particle tracking 
velocimetry and computational fluid dynamics 
study of cell seeding within a 3D porous 
scaffold.”Journal of the mechanical behavior of 
biomedical materials 75 (2017): 463-469. 

[10] Davar Ali, Sadri Sen, “Permeability and fluid 
flow-induced wall shear stress of bone tissue 
scaffolds: Computational fluid dynamic analysis 
using Newtonian and non-Newtonian blood flow 
models”,Computers in Biology and Medicine 
2018 August 1, 99: 201-208 

[11] Saeid Esmaeili Hossein Akbari Aghdam 
Mehdi Motiffard  
Saeed Saber-Samandari  Amir Hussein Montazer
an Mohammad Bigonah  
Erfan Sheikhbahaei Amirsalar Khandan, “A 
porous polymeric–hydroxyapatite scafold used 
for femur fractures treatment: fabrication, 
analysis, and simulation”,European Journal of 
Orthopaedic Surgery & Traumatology,9 August 
2019. https://doi.org/10.1007/s00590-019-
02530-3 

[12] T.J. Sego,Matthew Prideaux,Jane Sterner,Brian 
Paul McCarthy,Ping Li,Lynda F. 
Bonewald,Burcin Ekser,Andres Tovar,Lester 
Jeshua Smith, “Computat ional fluid dynamic 
analysis of bioprinted self-supporting perfused 
tissue models”, Book of biotechnology and 
Bioengineering, 02 December 
2019.https://doi.org/10.1002/bit.27238 

[13] Aby K Abraham1, Vijith M Biju2, Suraj Suresh3, 
Suniraj VT4, Gokul KG “Computational Fluid 
Dynamic Analysis and Mechanical Strength 
Evaluation of Additive Manufactured 
Customized Bone Scaffolds”, International 
Research Journal of Engineering and 
Technology, Volume: 06 Issue: 05 May 2019. 

[14] Zhen Wang1 , Chuanzhen Huang1*, Jun Wang2 , 
Peng Wang1 , Shisheng Bi1 and Ch Asad Abbas, 
“Design and Simulation of Flow Field for Bone 
Tissue Engineering Scafold Based on Triply 
Periodic Minimal Surface”, Chinese Journal of 
Mechanical Engineering. (2019) 32:19 
https://doi.org/10.1186/s10033-019-0329-7 

[15] Ali Reza Saatchi Hadi Seddiqi Ghassem 
Amoabediny Marco N.Helder Behrouz Zandieh-
Doulabi Jenneke Klein-Nulend, “Computational 
Fluid Dynamics in 3D-Printed Scaffolds with 
Different Strand-Orientation in Perfusion 
Bioreactors, Iranian journal of chemistry and 
chemical engineering.(2019) 

[16] Babar Pasha Mahammod, Emon Barua, Ashish B. 
Deoghare, K.M. Pandey, “Permeability 
quantification of porous polymer scaffold for 
bone tissue engineering”,Materials Today: 
Proceedings,Volume 22, Part 4,2020,Pages 
1687-1693,ISSN 2214-7853, 
https://doi.org/10.1016/j.matpr.2020.02.186. 

[17] Linlin Liu, Su Wang, Juncai Liu, Fuyuan Deng, 
Zhong Li, Yongqiang Hao, 

“Architectural design of Ti6Al4V scaffold 
controls the osteogenic volume  and 
application area of the scaffold,Journal of 
Materials Research and  Technology,Volume 
9, Issue 6,2020,Pages 15849-15861,ISSN 2238-
7854, 
 https://doi.org/10.1016/j.jmrt.2020.11.0
61. 

[18] Fuyuan Deng, Linlin Liu, Zhong Li et al. 3d 
Printed Ti6al4v Bone Scaffolds  With 
Different Pore Structure Effects on Bone 
Ingrowth, 28 October 2020,  PREPRINT 
(Version 1) available at Research Square 
 [https://doi.org/10.21203/rs.3.rs-
97216/v1] 

[19] Sandra Camarero-Espinosa ,Lorenzo Moron, 
“Janus 3D printed dynamic scaffolds for 
nanovibration-driven bone regeneration”, Nature 
Communications volume 12, 
Article number: 1031 (2021). 

 

Dizhen Dizhi Journal ( ISSN:0253-4967)

Volume XIV, Issue IX, September/2022          11



 

Mrs. Nimisha Rahul Shirbhate, Research Scholer, 
Mechanical Engineering DepartmentRajiv Gandhi 
Institute of Technology, Versva  
Interested area: 3D Printing, Bone scaffold, static and 
dyanamic analysis. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dizhen Dizhi Journal ( ISSN:0253-4967)

Volume XIV, Issue IX, September/2022          12


