
MEMORIAS DEL XVIII CONGRESO INTERNACIONAL ANUAL DE LA SOMIM 
19 al 21 DE SEPTIEMBRE, 2012 SALAMANCA, GUANAJUATO, MÉXICO 

 

  Derechos Reservados © 2012, SOMIM 

 

DESIGN AND PROTOTYPING OF HUMAN BONE TISSUE IMPLANTS FOR 

SPINAL FUSION 
1José Obedt Figueroa Cavazos, 1Héctor Rafael Siller Carrillo, 1Ciro Ángel Rodríguez González,  

José Antonio Díaz Elizondo 2 
 

1 Centro de Innovación en Diseño y Tecnología, Tecnológico de Monterrey, Av. Eugenio Garza Sada #2501, Monterrey, 

MEXICO 64849 
2 Escuela de Medicina, Ciencias de la Salud, Tecnológico de Monterrey, Ave. Morones Prieto #3000 Pte. Col. Doctores, 

Monterrey, MEXICO 64710 

Teléfono: 83582000 ext. 5149, hector.siller@itesm.mx 
 

jo.figueroa.phd.mty@itesm.mx, hector.siller@itesm.mx, ciro.rodriguez@itesm.mx,  jadiaze@itesm.mx 

 

RESUMEN 

 

El alcance de este trabajo es presentar tanto la propuesta de 

un nuevo diseño así como el prototipo de un implante de 

tejido óseo humano para las cirugías de fusión espinal. A fin 

de comprender el diseño final se presentan las rutas de 

fabricación y la metodología de diseño. También se muestra 

un procedimiento específico que hace posible la fabricación 

del espaciador lumbar hecho de tejido óseo humano, así 

como sus tecnologías de fabricación. Algunas metodologías 

de diseño que permite la coordinación y cooperación entre 

los diferentes grupos se han aplicado con éxito debido a la 

cantidad de grupos multidisciplinarios en el diseño de 

implantes. 
 

ABSTRACT 

 

The scope of this paper is to present both a new proposed 

design and the prototype of a human bone tissue implant for 

the spinal fusion surgeries. In order to understand the final 

design, the manufacturing routes and the design methodology 

are explained. Also a specific procedure that makes possible 

to fabricate the lumbar cage made of human bone tissue with 

its advanced manufacturing technologies are showed. Due to 

the increasing amount of multidisciplinary groups in the 

design of human bone tissue implants, some design 

methodologies that allowed the coordination and cooperation 

between different clusters were successfully applied. 
 

INTRODUCTION 

 

In recent years Mexico has been a substantial increase in 

people with lumbar pathology due to accidents at home and 

work without regard to that the increase of population rate 

and average life expectancy of mexican population could 

influence the growth of this kind of disease too. Generally 

populations at big cities live longer, therefore the geriatric 

population (considering as geriatric population to persons 

above eighty and ninety) has had a significant increase. 

Additionally It must mention that the human body is not 

prepared in most cases for a long life due to a fast 

deterioration that can be because of poor eating habits (loss 

of nutrients and overweight), bad sleep, wrong work posture 

and bad resting, among several other factors. In the case of 

Mexico, the population has grown almost forty percent in the 

last 20 years since 1990 where it had 81.2 million people 

until 2010, where it had 112.3 million. [1] However these 

devices are very expensive due to import costs, distribution 

costs, manufacturing process and raw materials among 

others. According to the Secretary of Economy of Mexico in 

2009 it imported more than $ 22 million USD, by 2010 it 

imported almost $ 25 million and by 2011 It imported $ 26.7 

million. Considering that the price of implants in 2011 was 

exceeding a value of $1,100 USD per Kg and the car's price 

is between $ 6 and $ 10 USD per kg, it can be concluded that 

implants represent products with high added value. [2] 

Moreover, surgeons are interested in the costs of implants 

because are required to heal their patients and return them to 

their activities in the best conditions at a reasonable price, 

and at the same time the patients interested in the costs of 

implants because they must pay them among the rest of the 

medical services to their surgeons. Also the impacts produced 

by surgery in society have been significant in life quality of 

patients and savings in drugs, expensive drugs and devices 

for disabilities including also reduction of missing work by 

crippling diseases. Today cutting of bone tissue within the 

operating room for surgical operations is widely used mainly 

for the manufacture of artisanal implants for the spine, hip 

and knee, hence Mexico requires the manufacturing of bone 

tissue implants that allow lower the cost of these because 

these kind of implants are used to treat many different 

chronic-degenerative diseases that could be present 

throughout a person’s life and recall that the lifetime for an 

individual is increasing, the probability of having the need to 

use a medical human bone tissue implant also increases. 

 

In this study a literature review about the product features 

analysis, the study of bone tissue composition, and the 

manufacturing of a prototype were made. Thereby, the 

primary objective of this investigation is to present a 

proposed design and prototype of human bone tissue implant 

for the spinal fusion surgeries. This work has been limited to 

prototyping both, the lumbar cage prototype made of human 

bone tissue and the lumbar cage prototype with a dovetail 

design. Finally, several relevant conclusions are discussed in 

the last section of the paper. 
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RESEARCH FOCUS 

 

Due to the urgency that has been generated in the use of 

lumbar spacers as a result to the increase in low back pain 

caused by various causes, being the most common stress, 

physical overstrain and poor posture, it was decided to create 

a new option for the solution this problem, looking to satisfy 

the needs of full biocompatibility, functionality, full 

integration of bone tissue to the human body in the shortest 

time and modest cost. To carry out this research, product 

feature analysis, like the morphological matrix was used. In 

addition, the manufacturing routes and the composition of 

bone were analyzed in order to find the best parameters of 

the manufacture. 

LITERATURE REVIEW 

Product features analysis 

 

The product feature analysis is highly iterative and it requires 

observing the collected data several times for its 

understanding. Separate the customer benefits (needs) of 

product features are necessary for the success of this stage. 

Due to the points mentioned before, in this step It was 

determined that:  

•Benefits are independent of the product. (For example: 

maximum mobility in the spine (function)).  

•Features are solutions for the benefits. (For example: No 

migration inside the vertebrae.) 

Once separated, both the customer benefits and product 

features it proceeded to make an affinity diagram (system's 

functional analysis) to find the customer's attributes. To 

complement this work, design thinking methodology was 

applied because it is need to tackle wicked problems; “fuzzy” 

challenges that do not have a clear, pre-defined solution. 

Design Thinking was selected because design, together with 

science and art, form the three dimensions of the incredible 

human cognitive ability. In addition, design thinking has a 

unique characteristic that makes it possible to be 

“universalized.” This means that design could be used as a 

vehicle to communicate across disciplines putting it at the 

core of systems methodology. Design also develops innate 

abilities in dealing with real-world, ill-defined, ill-structured, 

or “wicked” problems. To design is to create an integrated 

whole from differentiated parts. [3] Benefits are "to do things 

differently" by unconnected experts, which mean that we 

could innovate. To achieve success for this methodology a 

space of possibilities like a flexible room free of office 

environment is needed. The process consists of six distinct 

steps, plus iteration and a team that connects "T-shaped" 

minds.  

 

Due to iterations in the methodology, sometimes through the 

development of the project some activities could be in a more 

advanced phase, while certain activities of a previous phase 

could be in a present phase. Figure 1 shows the process and 

its iteration. [4] However the design must fulfill the main 

needs. These needs are: full biocompatibility, full 

functionality, full integration to human body in the short term 

and lower cost compared with the actual implants. Figure 2 

shows System's Functional Analysis. The surgery ranges 

from surgeon to surgeon. The process shown is illustrative.  

Patent comparison 
 

Assessments of the state of the art with a research of 

published patents that possess the selection criteria based on 

functional features that could assist in the development were 

made. Selection criteria for the patent search were as follows: 

All patents that include the joint, fusion or other techniques 

for the intervertebral implants, by minimally invasive 

techniques or invasion techniques, that are using any type of 

bone, polymer or metal as a raw material, related to lumbar 

cage, without excluding those that are using other 

applications but that their features can help to get new ideas. 

The search included patent databases such as World 

Intellectual Property Organization (WIPO) and United States 

Patent and Trademark Office (USPTO). Patents with 

commercial application, especially those that contain 

assemblies without the use of glue and those that are using 

any type of bone as raw material were taken. Patents whose 

manufacturing procedures are doubtful or that their 

procedures are not possible to perform in real surgery were 

excluded. As shown at the Table 1, although there are patents 

that use bone tissue as raw material, this bone tissue is from 

sheep or other. The manufacturing of implants made of 

human bone is low; therefore, it seeks to take advantage of 

this opportunity area. Also it found the importance of the use 

of markers, that with the use of human bone it can skip and 

reduce the manufacturing costs. Table 1 shows a patent 

summary with the overview and assessments. For this work 

39 patents were taken. Each patent is referenced with their 

publication numbers. 

Bone tissue composition 

 

Bone tissue consists of cells embedded in a fibrous organic 

matrix (in this case, osteoid), which is primarily collagen 

(90%) and 10% amorphous ground substance (primarily 

glycosaminoglycan and glycoproteins). Osteoid comprises 

approximately 50% of bone by volume and 25% by weight. 

The characteristic rigidity and strength of bone derive from 

the presence of mineral salts that permeate the organic 

matrix. The mineral phase comprises approximately 50% of 

bone by volume and 75% by weight.  The principal 

constituents of bone mineral are calcium phosphate and 

calcium carbonate, with lesser quantities of sodium, 

magnesium, and fluoride. The mineral components consist 

mainly of hydroxyapatite [Ca10(PO4)6(OH)2] crystals and 

amorphous calcium phosphate. Bone apatite crystals are 

approximately 50 to 100 (Å) long and are arranged in an 

orderly pattern within the collagen network. 
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Figure 1 Process and iteration of Design Thinking adapted from “The Dark Horse GmbH” [4] 
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Figure 2 System’s functional analysis of lumbar cage 

Table 1 Overview and assessment of patents selected for the study 
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1 US 2008/7323011 B2 No No No Yes No No None No 21 US 2003/6652593 B2 No No No Yes No No None Yes

2 US 2010/7806932 B2 Yes Yes No Yes No Yes Serrations Yes 22 US 1999/5899939 No No No Yes No No None No

3 US 2006/0167549 A1 No Yes Yes No No Yes Piramid Yes 23 US 1998/5766618 A No No No No No No None No

4 US 2006/D530423 S No No No No No Yes Serrations Yes 24 US 2000/6143032 Yes Yes Yes No No Yes Flat No

5 US 2001/6454805 B1 No Yes No No No Yes Serrations Yes 25 US 2001/6187329 B1 No No No No No No None No

6 US 2003/0181981 A1 No No No No No Yes Serrations Yes 26 US 2001/6294187 B1 No No No Yes No No None No

7 US 2007/7276081 B1 No No No Yes No Yes Serrations Yes 27 US 2003/6562072 B1 Yes No No No No Yes Notch Yes

8 US 2002/6379385 B1 No No No Yes No No None No 28 US 2003/6579318 B2 Yes No Yes No No No Spacing Yes

9 US 2001/6200347 B1 No No No Yes No No Serrations No 29 US 2006/7087082 B2 No No No Yes No Yes None Yes

10 US 2002/6458158 B1 No No No Yes No No Serrations No 30 US 2002/0029084 A1 No No No Yes No Yes None Yes

11 US 2002/6423095 B1 No No No No No Yes Roughened Yes 31 US 2001/0041941 A1 No No No Yes No Yes None Yes

12 US 2007/0129804 A1 No No No No No No Flat Yes 32 US 2008/7018413 B2 No No No Yes No No None Yes

13 US 7618454 B2 No No No No No No Flat Yes 33 US 2008/7347873 B2 No No No Yes No Yes Piramid Yes

14 US 2007/0208423 A1 Yes No No No No No Piramid Yes 34 US 2005/7455692 B2 No Yes No No No No Flat Yes

15 US 2005/0071005 A1 No No No No No Yes Notch Yes 35 US 2002/6398811 B1 No No No Yes No No None No

16 US 1999/ 5972368 A No No No Yes No Yes None No 36 US 1990/4950296 A No No No Yes No No None No

17 US 2005/0165483 A1 No No No Yes No Yes Triangle No 37 US 2000/6136029 B1 No No No No No No None No

18 WO2011028306 No Yes No No No No None Yes 38 5888227 No No No No No Yes Piramid Yes

19 US 2006/7048765 B1 No No No Yes No Yes Serrations Yes 39 US 6241771 B1 No No No No No Yes Notch Yes

20 US 2000/6037519 A No No No No No No None No
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The cells of bone include osteoblasts (bone-forming cells), 

osteoclasts (bone-resorbing cells), osteocytes (bone-

maintaining cells), and bone-lining cells. Osteoblasts and 

osteoclasts are cells that reach the bone for metabolic 

purposes only. Osteocytes and lining cells reside permanently 

in (respectively on) the bone, interconnected by a system of 

canaliculated. Osteocytes represent osteoblasts trapped by 

secretion of the extracellular matrix. During bone formation, 

a calcified osteoid is secreted by osteoblasts. Hydroxyapatite 

crystals then precipitate in an orderly fashion around 

collagen fibers present in the osteoid. Although the osteoid 

rapidly becomes about 70% calcified within a few days, 

maximal calcification occurs only after several months. 

Bones are composed of two types of bony tissue: cortical 

bone and trabecular bone. [5] The cortical bone comprises 

the diaphysis of long bones and the thin shells that surround 

the metaphysis. Trabecular bone in the metaphysis and 

epiphyses is continuous with the inner surface of the 

metaphysical shell and exists as a three-dimensional, 

interconnected network of trabecular rods and plates. The 

trabecular divide the interior into intercommunicating pores 

of varying dimensions, thereby resulting in a structure of 

variable porosity and density. A network of rods produces 

low-density, open cells, while a network of plates can result 

in higher density, nearly closed cells.  

The classification of bone tissue as cortical or trabecular is 

based on relative density; i.e., the ratio of specimen density 

to that of fully dense cortical bone (usually assumed to have 

a density of 1.8 g/cc). The relative density of trabecular bone 

varies from 0.7 to about 0.05, corresponding to porosities 

that range from about 30% to more than 90%. The relative 

density of cortical bone ranges from about 0.7 to about 0.95. 

Obviously, the distinction between low-density cortical bone 

and high-density trabecular bone is somewhat arbitrary. [5] 

The relationships between the mechanical behavior of bone 

tissue as a material and the structural behavior of whole 

bones suggest that the properties of bone should be 

approached at three levels: [as shown in Figure 3 [6]] 

 

•At the smallest level of the mineralized osteoid the 

mechanical properties of the local tissue are of interest.  

•The second level the specimen representative for the 

apparent structural organization of bone tissue in complex 

geometric arrangements trabecular or cortical.  

•The third level is the structural behavior of whole bones or 

their sub-regions. 

 

 

 

 

Figure 3 Hierarchical structural organization of bone [6]  

 

Several factors influence the material properties of cortical 

bone. The stress-strain behavior of cortical bone is also 

strongly dependent on the orientation of the bone 

microstructure with respect to the direction of loading. 

Several investigators have demonstrated that cortical bone is 

stronger and stiffer in the longitudinal direction (direction of 

osteon orientation) than in the transverse direction. In 

addition, bone specimens loaded in a direction perpendicular 

to the osteons tend to fail in a more brittle manner, with little 

non-elastic deformation after yielding. Long bones are 

therefore better able to resist stresses along their axes than 

across their axes. Materials such as bone, for which elastic 

and strength properties are dependent on the direction of 

applied loading, are said to be anisotropic materials. A 

consequence of anisotropic behavior is that measurements of 

mechanical properties are direction dependent and more 

parameters need to be measured to fully characterize their 

mechanical behavior. [7] Ultimate strength values of adult 

femoral cortical bone under various modes of loading, in 

both the longitudinal and transverse directions, are 

ISBN 978-607-95309-6-9 Página | 742



MEMORIAS DEL XVIII CONGRESO INTERNACIONAL ANUAL DE LA SOMIM 
19 al 21 DE SEPTIEMBRE, 2012 SALAMANCA, GUANAJUATO, MÉXICO 

 

  Derechos Reservados © 2012, SOMIM 

 

summarized in Table 2. These indicate that the material 

strength of bone tissue depends on the type of loading as well 

as on the loading direction. The compressive strength is 

greater than the tensile strength in both longitudinal and 

transverse directions. Transverse specimens are weaker than 

longitudinal specimens in both tension and compression. The 

modulus values for adult femoral cortical bone are shown in 

Table 3. The longitudinal elastic modulus is about 50% 

greater than the transverse elastic modulus. [7] 

 

Table 2 Strength of femoral cortical bone 

Loading Mode UTS(MPa) 

Longitudinal  
Tension 133 
Compression 193 
Shear 68 
Transverse  
Tension 51 
Compression 133 

 

Table 3 Modulus of femoral cortical bone 

Loading Mode Module 
(GPa) 

Longitudinal 17.0 
Transverse 11.5 
Shear 3.3 

 

A special feature of the bone is the modeling and remodeling 

that it could be called as an adaptation and maintenance. 

These metabolic capacities of bone modeling and remodeling 

have several advantages, like the competence to repair itself, 

but also the ability to adapt to environmental changes. For 

example if the mechanical load increases by, for instance, 

increased physical activity, etc. then bone mass increases, 

and if, however, bed rest or immobilization decrease load, 

this leads to decreased bone mass. Not only bone mass, but 

also bone architecture adapts to external loads. In the adult 

stage, the trabecular are aligned to the principal stress 

directions. [8, 9]  [8], [9] 

 

Bone tissue, like most biological material, has very 

interesting structural properties. While its traction strength is 

similar to that of steel, it is three times lighter and ten times 

more flexible, essentially due to its special heterogeneous 

microstructure. In addition, bone tissue is under permanent 

change in response to different signals such as external loads, 

hormonal influence, etc. This process of microstructural 

change is known as bone remodeling and can be further 

distinguished as either internal remodeling, where only the 

change in the distribution of the material properties is 

considered, or external remodeling which analyses changes 

in the external geometry. [10] 

Manufacturing 

 

Mechanical operations performed on the bone tissue as a part 

of surgical procedures are similar to those conducted with 

structural materials, for example, drilling, reaming and 

sawing. Reduction of surgery time and improving precision 

of cutting are major concerns in modern-day orthopaedics. In 

orthopaedic bone cutting it is also desirable to control the 

level of cutting forces to enable smooth penetration of a 

surgical instrument and to avoid unnecessary damage to soft 

tissues surrounding the bone. To achieve this, various 

technological improvements have been introduced in cutting 

procedures as well as in cutting tools. Novel drilling methods 

are constantly introduced in orthopaedic, neuro and dental 

surgeries and are aimed at minimizing the invasiveness and 

improving the safety of the operation. Bone cutting is an 

essential part of orthopaedic surgery when bone is fractured 

or damaged by a disease and is used for pins insertion and 

plates fixation. Further the preparation of sterile tissue 

implants require dimensional tolerances and surface quality 

closed to favor the osseointegration of surrounding tissue. 

[11]  

 

The preservation of surface integrity during cutting of bone 

tissue has been studied recently in several research groups 

within the predominant processes those studying drill [11], 

oscillating saw cutting, milling [12] and orthogonal cutting 

[13]. However, there is very little literature on micro-cutting 

processes although its application has increased in recent 

years due to the demand for miniaturization of sterile 

implants and minimally invasive surgery. [14, 15, 16] [14] 

[15] [16] 

The maximum temperature inside a bone during an 

orthopaedic milling operation is about 100°C if we consider 

the body temperature at the contact surface of the bone and 

tool. [12] There are three primary orientations of interest that 

are defined according to the osteons and direction of tool 

movement according Jacobs et al. (1974) and the Figure 4 

show these three orientations and found that the cutting 

forces decreased with increasing rake angle; the highest 

forces were obtained when cutting transverse to the osteon 

direction [17] 

 

Figure 4 The three independent cutting modes for bone. (a) 

[0,0], (b) [0,90], (c) the [90,0] cutting mode. [17] 
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In a comparison of machining bone with [0,0] [0,90] and 

[90,0] orientations, the cutting forces and surface quality of 

bone with the [90,0] orientation exhibited the largest ranges 

and were the most sensitive to changes in the process 

parameters. The highest average cutting and thrust forces and 

specific energy were obtained in machining bone with the 

[90,0] orientation (126 and 118N/mm respectively) and the 

highest specific energy (1.2 J/mm3). The lowest cutting and 

thrust forces were achieved with a +20° rake angle. The 

average surface roughness (Ra) of the machined bone ranged 

from 1 to 75 mm and specimens [90,0] orientation exhibited 

the largest Ra. Surfaces of the [90,0] specimens machined 

with negative rake angles exhibited the lowest roughness and 

were covered by a smeared or re-deposited layer of bone 

matrix. Surfaces machined with positive rake angles were 

relatively free of debris, but exhibited sub-surface damage in 

the form of fracture pockets. The optimum tool geometry for 

minimizing cutting forces in machining bone with [90,0] 

orientation consists of a +20° rake angle. For highest surface 

integrity and minimum surface roughness, cutting should be 

conducted with either negative rake angles or a +30° rake 

angle tool and shallow depth of cut. [17] 

METHODOLOGY 

 

After the patent comparison, the principal features and the 

parameters were determined. Also it was found that is better 

to produce "square blocks" of bone tissue as raw material for 

the machining of the lumbar cages. For determining the 

possible solutions a morphological matrix was made. The 

morphological matrix allows solving problems by the 

analysis of the component parts. It is based on the idea that 

any object of our thinking is made or composed of a number 

of elements and that they have their own identity and they 

can be isolated. Once this morphological matrix has been 

completed it is necessary to perform a selection of the most 

relevant characteristics through an evaluation. With the 

evaluation and analysis of the morphological matrix the 

concept design was determined. The most important features 

are listed below:  

•Optimal load distribution 

•Allows assembly of bone pieces without adhesive 

•A shape that allows easy body invasion 

•Surfaces that allow a balanced fixation 

•A material that allow osseo-induction, osseo-conduction 

and osseo-genic as well. 

 

Selection criterion for identifying main functions and main 

design parameters for determining each design parameter 

were made. Table 4 shows the design parameter criteria and 

the Table 5 shows the function criteria. Figure 5 shows the 

exploded view of the proposed design. This proposed design 

consists of a lumbar cage made of 3 bone pieces assembled. 

It has a flat surface and a slight tilt. Autodesk Inventor 2011 

software was selected for to visualize the idea due to that the 

author was trained for this software. 

 

Figure 5 Isometric view of the final product (Lumbar cage)  

Table 4 Criteria for choosing the main design parameters 

Design parameter Criteria 

Surfaces 

Surface that provides stability and 
security when making contact with 
the vertebrae so as not to leave the 
place. 

Materials 
A material that can be osteoinduc-
tive, osteoconductive and osteogenic 

Shapes 
Shape that allow a optimum load 
distribution applied to the vertebra 
without damage 

Contour 
Contour that provides stability and 
security at the moment to invade the 
human body. 

Radiolucency A radiolucent material 

Side holes 
Holes that allows to introduce a 
material that can be osteoinductive, 
osteoconductive and osteogenic 

Structure 
Design that provides stability and 
security to the assembly of bones. 

Central chamber 
A chamber that allows to introduce a 
material that can be osteoinductive, 
osteoconductive and osteogenic 

Table 5 Criteria for choosing the main functions 

Function Criteria 

Optimal load distribu-
tion 

Design that allow a optimum load 
distribution applied to the vertebra 
without damage 

To assemble bone piec-
es without adhesive 

Design that provides stability and 
security to the assembly of bones. 

To invade the body 
Design that provides stability and 
security at the moment to invade 
the human body. 

Interbody fusion balan-
ce fixation 

Design that provides stability and 
security when making contact with 
the surfaces of the vertebrae so as 
not to leave the place. 

It has osteoinduction That is osteoinductive 

It has osteoconduction That is osteoconductive 

It is osteogenic That is osteogenic 
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PROTOTYPING 

 

The prototyping section describes a proposed fabrication 

route for the manufacturing of the lumbar cage made of 

human bone tissue. This first prototype of the lumbar cage 

took the same shape (design) of a commercial product. For 

this case of study the TLIF-13 Cage Peek Optima® of the 

brand Synimed was selected because it is the standard in its 

class. Autodesk Inventor 2011 software was selected for to 

do the 3D model of the lumbar cage due to that the author 

was trained for this software. Figure 6 shows the TLIF-13 

Cage Peek Optima® of the brand Synimed (a) with its 3D 

model obtained from reverse engineering (b). The 3D model 

allows us to create the machining path for a CNC machine in 

order to machining a first prototype using polymer as raw 

material . As a result of the points mentioned before a flat 

surface prototype was made. The main purpose of the first 

prototype was to know the manufacturing routes that allow to 

manufacture it, the tool path for machining as well as to 

know which tools are best for the work. Figure 7 shows 

results. 

(a) (b) 

Figure 6 Picture above shows the TLIF-13 Cage Peek 

Optima® of the brand Synimed and picture below shows its 

3D model. 

 

Figure 7 Prototype made of polymer 

From the results of the prototype 1, a manufacturing route 

was obtained. The proposed manufacturing route follows the 

steps below: 

a) Take a femoral diaphysis (human bone tissue) in an inert 

state without the spongy tissue (hollow) as raw material.  

b) Make a crosscut to the bone in the longitudinal direction 

for to obtain two bone pieces using a disk cutter.  

c) Roughing the interior bone surfaces to get a flat surfaces. 

d) Glue both pieces. 

e) Roughing the product obtained in the previous step for to 

obtain a square block. 

f) Finishing until acquiring the shape of the lumbar cage. 

 

Figure 8 shows the machining process sketch and the Figure 

9 shows the machining process of the lumbar cage made of 

human bone. Figure 10 shows the machining path, where 

WorkNC V19 was used. Finally, the Table 6 shows the 

cutting parameters.  

 

 

 

Figure 8 Sketch of the concept of machining process 
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Figure 9 Machining process of the lumbar cage made of human bone 

 

Figure 10 Machining Path  

Table 6 Cutting parameter 

Path f(mm/min) S(rpm) D(mm) ae(mm) ap(mm) 

1 600 2000 3.20 N/A 1.500 

2 1000 5000 6.00 4.500 0.675 

3 1000 5000 6.00 0.150 0.675 

4 1000 5000 2.38 1.786 0.675 

5 1000 5000 0.79 0.595 0.100 

6 500 2000 1.00 N/A 1.500 

New human bone tissue implants 

 

A new prototype with an external shape of the TLIF-13 Cage 

Peek Optima® of the brand Synimed and with a machined 

special feature on its inner surfaces that allow the assembly  

 

 

without glue was designed after to get the first prototype 

made of human bone tissue. In the new prototype the most 

significant change is the dovetail shape that allows the union 

between the different parts (bone pieces) without the use of 

any glue. A prototype four times larger was made for 

demonstrating the feasibility of this new design, due to it 

does not had the necessary tools for making it in real scale. 

This prototype allowed the detection of features that in the 

original size would be difficult to appreciate. An anisotropic 

material as raw material for the prototype was used because 

it is a bone-like material concerning the structure of micro 

channels (is a fibrous material too). Figure 11 shows the new 

prototype. 

ISBN 978-607-95309-6-9 Página | 746



MEMORIAS DEL XVIII CONGRESO INTERNACIONAL ANUAL DE LA SOMIM 
19 al 21 DE SEPTIEMBRE, 2012 SALAMANCA, GUANAJUATO, MÉXICO 

 

  Derechos Reservados © 2012, SOMIM 

 

 

Figure 11 Prototype No 2 

TEST 

 

Mechanical tests for the 4:1 scale prototype were not made. 

Instead a finite element analysis using 3D software was 

performed. Figure 12 shows the results of this finite element 

analysis. The stress levels that the author had reported were 

reached. Table 7 shows boundary conditions [5]. Autodesk 

Inventor 2011 CAD software for the Finite element method 

was used. Only compression analysis was considered due to 

this is only a preliminary study. 

Table 7 Mechanical properties of the bone [5] 

 Ultimate Strength (MPa) Modulus (GPa) 

Longitudinal  17/17.7 

Tension 133  

Compression 193  

Shear 68 3.3 

Transverse  11.5/12.8 

Tension 51/52  

Compression 133  

Density: 1.85 gm/cm3 
Poisson’s Ratio: 0.380 
Thermal Conductivity: 0.130 W/(mK) 
Linear Expansion: 56 microm/( m c ) 

CONCLUSION 

 

The Design Thinking methodology gives a comprehensive 

description of the various decisions and challenges 

associated with the development of medical devices, that in 

this work it was successfully applied for prototypes of human 

bone tissue implants (lumbar cage made of human bone 

tissue). The main findings and contributions of this work can 

be summarized as follows: 

•Two prototypes were developed: 

* A 4:1 scale prototype with an external shape of the TLIF-

13 Cage Peek Optima® of the brand Synimed and with a 

machined special feature (A dovetail shape that allows the 

union between the different parts (bone pieces) that allow the 

assembly without glue) on its inner surfaces made from an 

anisotropic material was obtained. 

* A 1:1 scale prototype with an external shape of the TLIF-

13 Cage Peek Optima® of the brand Synimed made from 

human bone tissue extracted from a single diaphysis. 

• A patent application was applied. 

• One of the advantages of this prototype is that provides an 

accelerated fusion between vertebrae due to use human bone 

tissue as raw material. 

 

As show in this paper, the medical device (implants) 

development process is different of the development process 

for "normal" products. It can be appreciated that the 

understanding of this work and this methodology can benefit 

to investors, (who need to know where to invest in the most 

efficient way), engineers (who aim at improving the design); 

and researchers (who need to ensure the operation of new 

products). 

 

 

 

Figure 12 Finite element analysis 
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