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Abstract  

 

Metal implants are widely used world wide for the fixation of fractured bones. 
Orthopedic plates and screws are used by doctors to restore the bone to its natural 
position and propitiate healing. These medical devices can be expensive and are not 
produced in Ecuador. There is interest for the local production of this parts to lower the 
prices and improve availability.  However, bone plates and screws must meet very strict 
safety standards and functional requirements. Using modern CAD/CAM technologies and 
medical grade stainless steel, 3D models were designed, and CNC machined using custom 
tooling and fixtures. Various methods to obtain the required surface finish and corrosion 
resistance were tested on the prototypes. Alternative techniques for manufacturing and 
treatment were also analyzed. Based on the study of the manufacturing of medical 
devices, a proposed industrial setup is included. Additionally, a simple estimation of 
manufacturing costs was made. The design and local manufacturing proved to be 
technically viable, but a very controlled system would be necessary to pass the testing 
requirements.  Economic viability, on the other hand, needs further analysis, even though 
the high retail prices of the products make them highly attractive for the industry. 

 
Keywords: Orthopedic implants, CAD/CAM, Medical grade materials, 316L 

stainless steel, osteosynthesis. 
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Resumen 

 

Implantes metálicos se usan comúnmente en todo el mundo para remediar 
fracturas óseas. Médicos traumatólogos y cirujanos utilizan placas y tornillos ortopédicos 
para regresar el hueso a su posición natural y fomentar la sanación. Estos elementos de 
uso médico pueden ser muy costosos y no se fabrican en Ecuador. Existe interés en la 
producción local de estas partes para disminuir los costos y mejorar disponibilidad. No 
obstante, las placas y los tornillos de hueso deben cumplir muy estrictos estándares de 
seguridad y varios requerimientos funcionales. Usando modernas tecnologías CAD/CAM 
y acero inoxidable de grado médico, se diseñaron modelos 3D y se los mecanizó 
utilizando máquinas CNC, y, herramientas y sistemas de sujeción personalizados. Varios 
métodos para obtener el acabado superficial y la resistencia a la corrosión requeridos 
fueron probados en los prototipos. Otras alternativas para la fabricación y el tratamiento 
de las piezas también fueron analizadas. Basándose en este estudio de la manufactura de 
elementos de uso médico, se incluye una configuración propuesta para su 
industrialización. Adicionalmente, se hizo una estimación simple de los costos de 
producción. Se determina que el diseño y la producción local son técnicamente viables. 
Sin embargo, se recalca que se necesita un sistema altamente controlado para pasar las 
pruebas estandarizadas. Por otro lado, la viabilidad económica debe ser estudiada más a 
fondo, incluso tomando en cuenta que los altos precios de venta de estos productos hacen 
que esta industria sea muy atractiva 

 
Palabras clave: Implantes ortopédicos, CAD/CAM, Materiales de grado médico, 

Acero inoxidable 316L, Osteosíntesis.  
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INTRODUCTION  

 

Metal implants have been used for years to treat various kinds of bone fractures. 

A surgical procedure known as osteosynthesis, whose goal is to restore the bone to the 

correct alignment and to propitiate the healing of the fracture, is the preferred treatment 

option for the stabilization of long bones. Some of its advantages include the preservation 

of bone perfusion and micromotion at the fracture gap (Sonderegger, Grob, & Kuster, 

2010). Orthopedic plates, screws, nails and other fasteners are implanted by surgeons, in 

order to secure and support the broken bone. Orthopedic implants can be selected within 

an ever-growing variety of standard shapes and sizes, to be used for different techniques 

of osteosynthesis, throughout the skeleton (Colton & Orson, 2013a). Years of research 

and development on the topic of orthotics, and osteosynthesis in particular, have 

produced a variety of different plates and fasteners with their own characteristics and 

applications. In 1886, Carl Hansmann presented the first plate which protruded through 

the skin, but modern plate osteosynthesis began in the 1960s when the implants and the 

fixation methods evolved to provide for improved healing (Theodore Miclau & Martin, 

1997). 

The overall shape of orthopedic plates has evolved considerably during the last 

decades; a process which has been led by the AO (Arbeitsgemeinschaft für 

Osteosynthesefragen) Foundation. Round-holed plates, reconstruction plates, DCP, LC-DCP 

and LCP, are the most common modern plates for the internal fixation of bone fractures.  

The AO Round-holed plate is the most primitive and is rarely used nowadays due to its 

inability to produce compression, which means that it has to be used with an external 

compression device (Colton & Orson, 2013a). Needless to say, the healing process is 
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neither very convenient, nor very secure. However, this form is still in use for procedures 

that require very small plates. 

 

Figure 1 ɀ Round holed flat plate  

A simple modification to the round-holed plate produced the dynamic compression 

plate (DCP), a great improvement for the implantation and healing processes. The DCP 

plate includes a self-compressing hole that allows the screw to move relative to the plate 

on tightening. This relative motion compresses the bone fragments into position 

providing a more secure fixation. This illustration shows how a DCP plate works: 

 
Figure 2 ɀ DCP plate surgery reference by the AO Foundation . Arrows show the  relative motion between the 

plate, bone and screw under tightening.  
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Although the DCP plate provided a secure reduction thanks to the compression 

hole, it does not produce a biological osteosynthesis because it blocks the bone 

perfusion1. As a response to this problem, the limited contact dynamic compression plate 

(LC-DCP) was designed with  a reduced footprint which has the added benefit of an 

improved contour-ability. This characteristics, together with the screw hole design that 

allows for axial compression by eccentric screw insertion, make the LC-DCP plate the gold 

standard for plate fixation (AO Foundation, n.d.). The most common sizes, defined by the 

diameter of the cortex screws used together with plate, are the 3.5mm small fragment 

plates and the 4.5mm large fragment plates. 

 
Figure 3 ɀ Above, an LC-DCP plate. Below, the uniform bending of an LC -$#0 ÐÌÁÔÅ ÖÓȢ ÔÈÅ ȰËÉÎËÉÎÇȱ ÏÆ Á $#0 

plate.  

The locking compression plate (LCP) is the last evolution of the LC-DCP plate that 

incorporates a combi hole which permits the insertion of standard bone screws and 

threaded locking head screws. The LCP plate can be used for standard bone reductions, 

                                                         

1 Blood supply to the bone tissues 
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as a dynamic compression plate, or for angularly stable reductions, when used together 

with locking head screws (Colton & Orson, 2013a).  

 
Figure 4 ɀ Locking compression plate  

To be used for complex anatomical reductions, reconstruction plates allow for 

bending on two different planes, due to its notched edges (Colton & Orson, 2013a). The 

contourable implant is bent by the surÇÅÏÎ ÔÏ ÃÏÎÆÏÒÍ ÔÏ ÔÈÅ ÂÏÎÅȭÓ ÓÈÁÐÅȢ 

 
Figure 5 ɀ Some kinds of reconstruction plates  

Bone screws are available in different shapes, and sizes for different uses. Each 

kind of screw is defined by a specific thread, head, core and tip that suits its application. 
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Most commonly, bone screws are used for one of the following purposes: 1) to produce 

interfragmentary compression, 2) to attach implants to the bone by compressing them 

onto the bone surface, 3) to attach implants to the bone producing angular stability, to 

hold to bones in correct relationship or 4) to lock an intramedullary nail to the bone or 

its fragments (Colton & Orson, 2012). The main types of bone screws include: cortical 

bone screws, cancellous bone screws and locking head screws. Cortex screws are 

conventional screws with shallow threads and a rounded head that matches the 

compression holes of DCP and LC-DCP plates. Their dimensions and tolerances are 

specified by the ISO 5835 standard which refers to cortical bone screws as HA screws. 

Cortex screws are generally used together with any of the modern compression plates, or 

by its own to compress fracture fragments together, applying the lag screw technique 

(Messmer, Perren, & Suhm, n.d.). 

 
Figure 6 ɀ General classification of bone screws  

Cancellous screws are very similar in shape to cortex screws. However, a coarser 

deeper thread and larger diameters are necessary to be used in the softer tissue of spongy 

cancellous bone. Their dimensions and tolerances are also defined by the ISO 5835 in 
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which they are called HB screws (ISO/TC 150, 1991). Cancellous screws have similar 

applications to those of cortex screws but are used where the cortex of the bone is 

insufficient or inadequate to tighten and support the screw. 

Locking screws have a conical threaded head that matches the threaded hole of 

LCP plates. This feature locks the screw in place and creates an angularly stable construct 

that impedes the relative angular motion of plate and bone (Colton & Orson, 2012). 

Locking screws do not create a significant axial compression and act only as simple 

fixators.  

 
Figure 7 ɀ Locking head screw 

In Ecuador, surgeons use these implants and screws for osteosynthesis on a daily 

basis. However, these medical supplies must be imported, and the cost is very high. In 

some cases, privately insured patients and public hospitals spend thousands of dollars on 

implants for a single reduction procedure. There is interest in producing osteosynthesis 

plates and screws locally to lower the price and supply the constant demand of the 

national health care system. Establishing a local industry of high quality medical devices 

would be beneficial for the citizens and a great achievement for the industry. 

The main objective of this project is to design and manufacture prototypes of 

orthopedic plates and screws for the internal fixation of bone fractures. The designed 
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products must comply with the international standards for inter-compatibility, the 

requirements of the medical staff and with every regulation which aims to guarantee the 

ÐÁÔÉÅÎÔÓȭ ÈÅÁÌÔÈ ÁÎÄ ÓÁÆÅÔÙȢ The technical resources of the local industry and the 

manufacturing costs of the plates and screws as fully functional consumer products will 

be analyzed, to evaluate the possibility of growing this idea from engineering project to 

business. To be considered a viable industry, it should be able to provide an adequate 

supply of, at least, the most commonly used kinds of implants, at reasonable prices and 

with excellent quality control. 

As a first approach to this industry, this project will focus on the plates that 

surgeons had pointed out as the most demanded: the 3.5mm LC-DCP plate for small 

fragments and the 4.5mm LC-DCP plate for large fragments. These two plates and their 

complementary screws will be designed and manufactured, complying with all the 

medical and mechanical requirements. The LC-DCP compression plates are regarded as 

the gold standard for osteosynthesis of long bones by the AO Foundation and 

manufacturers (AO Foundation, n.d.; Synthes (USA), 2010). It offers a good combination 

of ease of manufacturing and medical advantages and is a good compromise between the 

older DCP and the more expensive LCP. The appropriate screws for each of the selected 

ÐÌÁÔÅÓ ÉÓ ÃÌÅÁÒÌÙ ÓÐÅÃÉÆÉÅÄ ÂÙ ÔÈÅ !/ &ÏÕÎÄÁÔÉÏÎȡ Ȱ4ÈÅ ,#-DCP 4.5 is used with 4.5 mm 

cortex screws and 6.5 mm cancellous bone screws. The LC-DCP 3.5 is used with 3.5 mm 

ÃÏÒÔÅØ ÓÃÒÅ×Ó ÁÎÄ τȢπ ÍÍ ÃÁÎÃÅÌÌÏÕÓ ÂÏÎÅ ÓÃÒÅ×Óȱ (AO Foundation, n.d.). These screws 

will be manufactured together with their matching plates. 

Considering that this is a design and manufacturing project, the usual engineering 

design process was followed. Several medical publications were reviewed to gather the 

design requirements and characteristics of the desired product (Colton & Orson, 2013b; 

T Miclau, Remiger, Tepic, Lindsey, & Mclff, 1995; Sonderegger et al., 2010; Synthes (USA), 
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2010). Applicable standards (ASTM International, 2017a, 2017b; ISO/TC 150, 1991) 

were analyzed for compliance and the end user was consulted to get valuable feedback. 

For plates, the AO Foundation handouts and surgery reference journals (AO Foundation, 

n.d.; Colton & Orson, 2012, 2013a; Messmer et al., n.d.) were used to understand the form 

and function of the chosen implants. Similarly, the ISO 5835 standard for bone screws 

was extremely useful to design the fasteners (ISO/TC 150, 1991). This information was 

used to design 3D CAD models which meet the ISO requirements and work with industr ial 

standard tools.  

Once the design of plates and screws was finished, the manufacturing and material 

selection procedures were very similar to those used for any mechanical part. However, 

special human safety requirements were especially considered. Orthopedic implants 

must be biocompatible, sterile and long-lasting to be safe. In this regard, surface finish, 

corrosion resistance, chemical stability, mechanical toughness and asepticism are crucial. 

Commercially pure titanium (cp-Ti) and 316L stainless steel are the materials of choice 

for most orthopedic implants, due to its excellent corrosion resistance, passivation 

capacity and biocompatibility (Textor, Sittig, Frauchiger, Tosatti, & Brunette, 2001). 

Manual trimming, machining, polishing, cleaning, anodizing and mechanical testing are 

some of the necessary techniques to produce safe implants (Xu et al., 2014).  

Upon analysis of cost and technical complexity, surgical grade 316L stainless steel 

was the material of choice for plates and screws. CNC milling  was used to shape the metal, 

to match the complex design of the plate, whereas CNC turning with custom made 

threading tools and spark erosion machining were used to machine the screws. 

Mechanical and electropolishing were used to improve the surface finish. Finally, the 

citric acid method described by the ASTM 967 Standard Specification for Chemical 

Passivation Treatments for Stainless Steel Parts was used for passivation (ASTM 
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International, 2017b). These series of techniques form a complete process which can be 

used to produce the orthopedic implants. A proposed industrial setup is further 

described in the final part of this document. Testing procedures which are necessary to 

be able to commercialize the plates and screws were not performed and are just 

mentioned in each corresponding section of the suggested production line, as vital 

information for future projects in this subject.  
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METHODS 

Design Requirements  

The plates and screws for osteosynthesis work together as a system and their 

requirements and characteristics are correlated. That being said, screws are 

standardized and are already dimensioned and designed, so they are presented first. 

Screws 

The ISO 5835 standard for metal bone screws defines two different types of 

screws: the HA screw with shallow threads (for cortical bone) and the HB screw with 

deep threads (for cancellous bone) (ISO/TC 150/SC 5, 1991). The standard clearly 

defines the dimensions and tolerances for the screws, with spherical under-surface of 

head and asymmetrical thread, which are used to secure LC-DCP plates. Annex A and 

Annex B are extracts of the standard that define the design of cortical and cancellous 

screws respectively. 

Plates 

The requirements for LC-DCP plates are more 

elaborated and exact dimensions are not standardized. To 

begin with, the name of the plates gives some information. 

DCP stands for dynamic compression plate and refers to the 

dynamic compression holes the plate has. The hole must 

generate compression on the fracture when the screws are 

tightened. The older DCP plates used an asymmetrical hole shaped as an inclined cylinder 

which guided the screw head towards the center of the plate. However, LC-DCP plates 

feature a symmetrical hole shaped as half an ellipsoid. The central area of the hole is used 

for neutral screws (no compression generated) and has a slightly bigger radius of 

Figure 8 ɀ Cross section of DCP 

and LC-DCP holes. 
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curvature than the screw head. In contrast, the sides of the hole have a smaller radius, so 

they can guide an eccentrically installed screw towards the center.  

The prefix LC stands for limited contact and refers to footprint of the plate, or the 

surface area of the plate in contact with the bone. Whereas DCP plates had a flat bottom, 

LC-DCP have notches and fillets that reduce the contact with the bone and have the added 

benefit of producing a more uniform bending, as explained previously. Additionally, LC-

DCP plates have slightly curved bottom faces to better conform to the surface of bones. 

 
Figure 9 ɀ Features of LC-DCP plates 

The last requirement for plates is related to the screw geometry. The curvature of 

the hole must match the curvature of the ball shaped cup under the surface of the screw. 

For example, 3.5mm plates are used with 3.5mm cortex screws and 4.0mm cancellous 

screws which have heads with a 3mm radius. In consequence the radius of curvature of 

the neutral position of the holes must be marginally higher than 3mm.   

 

3D Modelling  

The manufacturing of 3D geometries with curvatures and small details requires 

the use of CAD software to create a digital blueprint that a CAM software can use to create 

the instructions for CNC machining. Autodesk Inventor Professional 2017-Student 

Version was the CAD software used for 3D modelling. Based on the design requirements 

and the information provided by the public catalogues of the leading orthotics 
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manufacturer (DePuy Synthes), some basic dimensions were established in order to 

model the shapes and characteristics of both plates and screws. It is important to note 

that these implants are sold in many different  lengths and with different number of holes, 

but the overall shapes are not size specific. The general dimensions for LC-DCP plates are 

included in Table 1. The specifications of the screws can be consulted in annexes A and B. 

Table 1 - LC-DCP plates dimensions ("n" represents number of holes)  

 LC-DCP 3.5mm LC-DCP 4.5mm 

Length ὲ ρτ mm ὲ ρψȢυ mm  

Width 12 mm 16 mm 

Thickness 4 mm 5.5 mm 

Holes separation 14 mm 18.5 mm 

Holes curvature (min.) r = 3 mm r = 4 mm 

 
CAD models of the selected plates and screws are shown in figures 10 and 11. 

 
Figure 10 - CAD models of HA and HB screws based on the ISO 5835 standard 
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Figure 11 - CAD models of LC-DCP plates - front and back sides  

Every characteristic given by the AO Foundation Surgery Reference was 

considered for the design of the plates. This includes the dynamic compression 

symmetrical holes, the reduced footprint in contact with the bone and the improved 

contour-ability.  The first was achieved preforming a revolve operation to produce an 

ellipsoid shape. 

 
Figure 12 - Dynamic compression hole  
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The reduced surface area of the bottom face and the improved bendability are 

both a product of the grooves which are positioned where the cross section is normally 

bigger, far from the holes. This improvements of the LC-DCP plate over the DCP can be 

measured and are shown in the next figures. For example, the biggest to lowest cross 

section ratio of the 4.5mm plate goes from 1.87 to 1.56 thanks to the material removal in 

those areas. Considering that a ratio of 1 represent a constant cross section which would 

make for a perfectly contourable plate, the design is effective. Likewise, the surface 

contact with the bone is reduced from 10 cm2 to 7.3 cm2. 

 
Figure 13 - Design analysis of the cross sections  

 
Figure 14 - Undersurface of a DCP shaped plate 
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Figure 15 - Reduced undersurface (contact  area) of the LC-DCP plate 

Materials selection  

There are three main requirements for the materials used for orthopedic implants: 

corrosion resistance, ductility , and mechanical strength. Additionally, price, availability  

and machinability should be considered. Three main metal alloys are used for orthopedic 

implants due to their high resistance to corrosion: stainless steel based alloys, cobalt 

alloys and titanium alloys (Sansone, Pagani, & Melato, 2013). LC-DCP plates and their 

corresponding screws are commonly made from 316L stainless steel, commercially pure 

titanium (grade 4) or Ti-6Al-4V titanium alloy. Table 2 summarizes the advantages and 

disadvantages of each of those materials. 

Table 2 - Advantages and disadvantages of commonly used biocompatible materials  

 316L SS cp-Ti Grade 4 Ti -6Al-4V 

Corrosion resistance Biocompatible Biocompatible Biocompatible 

Ultimate tensile strength 85 ksi 80 ksi 170 ksi 

Machinability Fair Good Fair 

Price Lower Highest Higher 

Necessary surface 
finish 

Mirror -like 
Polishing 

Anodizing Anodizing 

Elongation at break 45% 15% 10% 
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 For this project, 316L stainless steel was the material of choice due to its 

combination of availability, affordability, strength and ductility. Although it is harder to 

machine than cp-Ti, stainless steel does not need anodizing which is a process not 

available at this moment. As an added benefit, there is more information about 316L steel 

machining and tools are easier to find. 

 

Machini ng  

Screws 

Manufacturing screws might seem trivial at first glance, but this particular kind of 

screws presents a series of challenges. Given that they have custom threads and heads, 

custom tooling is necessary. Also, the low production rates make CNC turning the only 

choice for manufacturing. Lastly, the small dimensions and the material poor 

machinability result in a highly difficult machining process. Parts breakage and 

dimensional inaccuracy due to bending are hard to avoid. Summarizing, the turning setup 

and the programming must be thoroughly controlled to obtain satisfactory results. 

The first step of the turning process consists in making a center-drilled hole on the 

end of the stock material to accommodate the tailstock which is necessary to avoid the 

fracture or bending of the screws. After this manual operation, the rest of the process is 

CNC controlled. The approximate profile of the screw is turned first to remove most of 

the material rapidly . Then, the profile of the part is machined to its final dimensions with 

shallower step-overs to reduce stress on the material and improve surface finish.  

 
Figure 16 - Turning process: profile roughing, profile finishing, thread roughing and thread finishing  
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The next step is threading, done with custom made Electric discharge machining 

(EDM) wire cut tools to match the dimensions given by the ISO 5835 standard. Threading 

generates the highest stress in the screws because it must cut deep and very slowly. In 

this case, the process is even more difficult because the threading tools have round edges 

(see figure) and the HB screws have extremely deep threads. After several failed attempts 

to machine the threads, a pointier threading tool was used to open the path before the 

final threading with the ISO 5835 based tool. 

 
Figure 17 - Custom made HSS-Co threading tools  

After threading, the screw was cut out of the stock material and both ends (head 

and tip) were machined using plastic bushings to hold the screw without damaging the 

threads. Turning times until this stage ranged from 12 to 20 minutes per screw. 

Table 3 - Turning parameters used for all the screws  

 Profile roughing  Profile finishing  Threading  

Spindle speed 2500 RPM 2500 RPM 500 RPM 

Feed per revolution 0.2 mm 0.1 mm Thread pitch 

Step-over 0.2 mm 0.1 mm 0.05 mm 

Repeat finishing pass No Yes Repeat whole cycle 

 

Finally, a small hexagonal socket was machined in the head of each screw. There 

are two ways to machine polygonal sockets: rotary broaching and EDM by penetration. 
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The first uses a cutting tool (the broach) and a special holder to perform a drill -like 

operation using controlled wobble and a cutting angle relative to the work piece. This 

method is extremely precise and fast, so it is the ideal one for these parts. Unfortunately, 

rotary  broaches are not available in the Ecuadorian market, leaving EDM by penetration 

as the only option. 

EDM by penetration plunges an electrode with the desired shape of the socket into 

the workpiece using electric discharges to erode the material. This process has two main 

disadvantages: it is very slow (approx. 30 minutes per screw) and there can be 

contamination due to the use of diesel fuel as a dielectric between the copper electrode 

and the stainless steel part. The eroded surface finish left by the electric discharges needs 

a thorough cleaning and a subsequent electropolishing to ensure the adequate 

passivation of the part. EDM can be observed in Fig 18. The electrode is smaller than the 

desired socket to account for the process tolerances; a 0.1mm (approx..) gap is left 

between the eroded part and the electrode. The electrode was fabricated from copper. 

 
Figure 18 - Hexagonal socket EDM by penetration  
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The result after every machining process is a screw with the shape and dimensions 

specified by the standard, but still far from the desired surface finish and cleanliness.  

 
Figure 19 - Bone screws in post -machin ed condition  

Plates 

A desktop 3-axis CNC mill was used to machine the plates completely. A two-sided 

machining process was needed to form all the design features. The biggest challenges 

were the secure fixation of the material to the machine, the alignment after flipping the 

part and setting the machine and tools zeroes.  

 
Figure 20 - Above, custom fixtures set up on the machine. Below, 3D renders of the fixtures design . 
































































