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Abstract - This research concentrates on the design and advancement of tweak human collar bone joint implant for each 
recognized individual in light of classified CT and MRI scan digital images. Introduce work likewise accentuation on the 
evacuation of errors in modify configuration, surface fittings, and life expectancy. This examination underpins the base of 
the production of individual collar bone joint implant to guarantee the natural fitting as nature fitting is constantly best 
fitting. And as a coordinated result this examination impacts on the correct agronomic orientation and simple fitting of the 
redo human collar bone joint implants with increase in life traverse of the executed collar bone joint. To make this possible, 
3d surface model of individual human collar bone joint implant extracted from CT and MRI scan digital images followed by 
surface recreation of the 3d model. After recreation phase Design and Development of human collar bone joint implants will 
be done using bone data from 3D model and final implant will be printed using additive manufacturing. 
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I. INTRODUCTION 
 
The clavicle or collarbone is a bone which acts as a 
mediator between breastbone and shoulder blades. 
There are two clavicles, on both left and right. There 
is no other bone in body other than collarbone which 
lies in horizontal position. The fracture of clavicle 
can happen in three separate areas which are near to 
the tip of shoulder, in the middle third of the bone and 
near the breastbone. Symptoms of a fracture include: 
Sagging of the shoulder downward and forward, 
Inability to lift the arm because of pain, grinding 
sensation when you try to raise the arm,  deformity or 
"bump" over the break, Bruising, swelling, and/or 
tenderness over the collarbone. Conventional 
methods to cure broken clavicle include both surgical 
and non-surgical treatments. In surgical methods 
under open reduction and internal fixation method, 
we are aiming a new concept where can 3D print the 
support for broken part of the collarbone and provide 
more comfort than conventional plates and screws. In 
this method, we can create an implant for a part of 
collarbone from where it breaks in3D CAD 
modelling tool. Thus, due to this perfect healing of 
collarbone happens and no bulge or irritation occurs. 
 
II. FLOWCHART OF THE PROCESS 
 
First of all, the patient needs to do CT Scan and MRI 
scan of the broken clavicle from which the DICOM 
(Digital Imaging and Communications in Medicine) 
files are generated and are entered into SLICER. 
SLICER is a software which converts the raw bone 

data into a 3D model of bone. After that, the bone is 
opened in 3D CAD modelling toolwhere the 
boundary conditions of bone are determined and 
inspection of bone is done. With the help of these 
boundary conditions a new implant is designed. In 
order to check the structural strength of implant, 
finite element analysis is done in3D CAD modelling 
tool. If the strength is as per the requirement a virtual 
assembly is done to check the fitting of implant. 
Lastly, 3D printing of that implant using powder of 
titanium by DMLS method is done. 

 
Fig:1 flowchart of process 

 
III. 3D MODEL GENERATION OF BONE 
 
As we are intended to make new implant according to 
the boundary conditions of bone, we first need a 3D 
model of the bone which is obtained from the results 
of CT Scan and MRI Scan in form of DICOM file 
format. From the DICOM file, raw bone data is 
obtained using a software named SLICER. In Slicer 
software, all the views of bone are shown and through 
this we can adjust the intensity and threshold energy 
at any certain points. 
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Fig 2: SLICER Image of Clavicle 
 
From this, the file of clavicle is obtained in 
stereolithography file format which is the printable 
format. 
 
IV. INSPECTION OF FRACTURED CLAVICLE 
AND DESIGNING NEW IMPLANT 
 
After generating the 3D model, we need to convert 
that streolithography file format to part file format 
because we cannot edit or determine the boundary 
conditions of bone in streolithography file format. 
The reason behind converting to part file is because 
we will be editing this clavicle in 3D CAD modelling 
toolfor the implant making. 

 

 
 

Fig 3: Broken Clavicle 
 
Once the fracture is determined, 3D model of the 
implant is made in 3D modeling tool where we can 
make the shape of implant according to the boundary 
conditions of bone. The main reason behind this 
process is we can obtain the exact size and shape of 
implant according to the geometry of clavicle. 

 

 
Fig 4: Front view of clavicle implant 

 
Fig 5: Back view of clavicle implant 

 
V. FINITE ELEMENT ANALYSIS OF 
IMPLANT 
 
Once the implant is designed, the next important 
thing is to do the finite element analysis of the 
structure and check if there is any breakage in 
structure or not. For making this sure, all the 
constraints and loads are applied to the implant and 
then the analysis is started. This analysis is done 
using3D CAD modelling tool. If there is any 
breakage or cracks it will be shown in the analysis 
result. However, in our case there is no breakage or 
crack in any of the analysis which means this implant 
is suitable for the broken clavicle. 
 

 
Fig 6: Strain- Max principal analysis 

 

 
Fig 7: Displacement- Magnitude analysis 
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Fig 8: Stress-von misses analysis 

 
VI. COMPARATIVE ANALYSIS OF 
MATERIAL 
 
Presently as the standard method the pecking order of 
investigation and recreations were experienced. 
What's more, the model was acquainted with two 
distinct materials cobalt chrome ASTM-F75 and 
Titanium 6AL4V. The points of interest of both are 
said underneath. 
 

Property CoCr ASTM-F75 Titanium-F75 
Density(kg/ cubic meter) 8400 4430 

Tensile strength, yield 
(GPA) 560 880 

Tensile Strength, 
ultimate (GPA) 960 950 

Young’s Modulus 250 113.8 
Poison’s Ratio 0.23 0.342 

Co-efficient of thermal 
expansion µm/m(deg)C 12 8.6 

 
VII. VIRTUAL ASSEMBLY AND 3D PRINTING 
STAGE 
 
Before finalizing the implant a virtual assembly is 
done on the bone of patient, so that any errors in the 
model can be detected or we can actually determine 
the place where it has to be implanted. 
 

 
Fig 9: Virtual Assembly of Clavicle Implant 

 
Once the virtual design of implant is ready, the design 
has to be shown to doctors for their approval before 
applying on the patient in order to get correct 
accuracy. By doing so the correct bolting of screws is 
done and hence the bone is properly healed. After the 
confirmation from doctor, the implant is 3D printed 

from titanium 6AL4V material which is used in bio 
medics for surgery. This kind of material is available 
in powder form and it usually takes 1-2 hours for 
printing. DMLS method is used in 3D printing of 
powder of titanium. Titanium is a high strength, low 
density, lightweight and corrosion-resistant material. 
It’s printed by sintering titanium powder together 
with a laser to produce metal parts that are equally as 
good as machined models. Once the accurate model 
is printed then with the titanium screws they are 
bolted on the bone and then the perfect shape of 
collarbone is healed with 3-4 weeks. 
 
CONCLUSION 
 
The Development of 3D Printed Human Collar Bone 
Fixture Plate Implant Classified By Individual CT 
and MRI Scan Digital Database is an advanced 
technique of utilizing the additive manufacturing 
concept into a proper medical use. In the 
conventional techniques which are used currently 
have many problems which leads to severe problems 
in human body because the size and shapes of 
implant plates are in a specific standard however, by 
the use of customized implants the ratio of internal 
injuries will decrease. With the help of this concept, 
the patient tends to have less pain and faster 
mobilization as compared to other traditional 
techniques. Due to the customized clavicle support, 
we can get the exact restored length of the bone. 
There is a problem is mending the bones when 
standard implants are used and hence a bulge is 
created on the bone.  However, with the use of 
customized implants  it will not cause any bulge or 
lung injury or any internal diseases like chronic 
obstructive pulmonary disease which creates problem 
in breathing . Thus, this concept is a better version of 
the conventional surgical methods currently used 
because of the use of customized implants over 
standard implants available. 
 
ACKNOWLEDGEMENTS 
 
Authors pay a generous thanks to Dr. Siddharthsinh  
Jadeja, professor & principal at Aditya Silver Oak 
Institute of Technology and Mr. Dhaval Trivedi for 
their generous insights, gratitude and guidance 
throughout the work. 
 
REFERENCES 
 
[1] https://kb.osu.edu/dspace/bitstream/handle/1811/51831/2/Jon

es_Travis_FEA_of_Human_Clavicle.pdf 
[2] http://www.medimodel.co.uk/case-study/3d-printing-dicom-

files-from-ct-scan/ 
[3] http://drhipandknee.com/author/admin2/page/4/ 
[4] Postacchini F, Gumina S, De Santis P, Albo F. Epidemiology 

of clavicle fractures. J Shoulder Elbow Surg. 
2002;11(5):452–6. pmid:12378163r 

[5] Nordqvist A, Petersson C. The incidence of fractures of the 
clavicle. Clin Orthop Relat Res. 1994;(300):127–32. 
pmid:8131324 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-8, Aug.-2018, http://iraj.in 

Development of 3D Printed Human Collar Bone Fixture Plate Implant Classified by Individual CT and MRI Scan Digital Database 
 

46 

[6] Nonoperative treatment compared with plate fixation of 
displaced midshaft clavicular fractures. A multicenter, 
randomized clinical trial. J Bone Joint Surg Am.               
2007;89(1):1–10. pmid:17200303 

[7] Houwert RM, Wijdicks FJ, Steins Bisschop C, Verleisdonk 
EJ, Kruyt M. Plate fixation versus intramedullary fixation for 
displaced mid-shaft clavicle fractures: a systematic review. 
Int Orthop. 2012;36(3):579–85. pmid:2214691 

[8] Assobhi JE. Reconstruction plate versus minimal invasive 
retrograde titanium elastic nail fixation for displaced 
midclavicular fractures. J Orthop Traumatol. 
2011;12(4):185–92. pmid:21948051 

[9] Zlowodzki M, Zelle BA, Cole PA, Jeray K, McKee MD. 
Treatment of acute midshaft clavicle fractures: systematic 
review of 2144 fractures: on behalf of the Evidence-Based 
Orthopaedic Trauma Working Group. J Orthop Trauma. 
2005;19(7):504–7. pmid:16056089 

[10] Kontautas E, Pijadin A, Vilkauskas A, Domeika A. 
Biomechanical aspects of locking reconstruction plate 

positioning in osteosynthesis of transverse clavicle fracture. 
Medicina (Kaunas). 2012;48(2):80–3 

[11] Little KJ, Riches PE, Fazzi UG. Biomechanical analysis of 
locked and non-locked plate fixation of the clavicle. Injury. 
2012;43(6):921–5. pmid:22405337 

[12] Robertson C, Celestre P, Mahar A, Schwartz A. 
Reconstruction plates for stabilization of mid-shaft clavicle 
fractures: differences between nonlocked and locked plates in 
two different positions. J Shoulder Elbow Surg. 
2009;18(2):204–9. pmid:19111476 

[13] Golish SR, Oliviero JA, Francke EI, Miller MD. A 
biomechanical study of plate versus intramedullary devices 
for midshaft clavicle fixation. J Orthop Surg Res. 2008;3:28. 
pmid:18631380 

[14] https://www.researchgate.net/publication/313114552_Design
_and_Comparative_Analysis_of_Artificial_Human_Knee_Joi
nt_Implants_classified_by_Individual_CT_MRI_Scan_Digita
l_Database 

 
 
 
 
 
 
 
 
 
 
 

 


