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The future has a lot of means. For the weak is, something unattainable; for the timorous is, something unknowable; and for the 
braves one’s is the opportunity --- Victor Hugo 
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Abstract - Orthopedic is a branch of medicine that deals 
with the injuries, fractures, rupture and disorders of the 
human skeletal system. The skeletal system consists of 
the bones, muscles and joints of our entire system. The 
average human adult skeleton has 206 bones joined to 
ligaments and tendons to form a protective and 
supportive framework for the attached muscles and the 
soft tissues which underlie it. The skeleton has two main 
parts: the axial skeleton and the appendicular skeleton. 
The axial skeleton consists of the skull, the spine, the 
ribs and the sternum (breastbone) and includes 80 
bones. The appendicular skeleton includes two limb 
girdles (the shoulders and pelvis) and their attached 
limb bones. This part of the skeletal system contains 126 
bones, 64 in the shoulders and upper limbs and 62 in 
the pelvis and lower limbs. There are only minor 
differences between the skeletons of the male and the 
female: the men's bones tend to be larger and heavier 
than corresponding women's bones and the women's 
pelvic cavity is wider to accommodate childbirth. The 
skeleton plays an important part in movement by 
providing a series of independently movable levers, 
which the muscles can pull to move different parts of 
the body. It also supports and protects the internal body 
organs. Orthopedic surgery can help the patient with 
some fixation of broken bones, or damage joints with: 
screws, pins, plates, wires, etc, depending on the area 
that is affected. Those make use of materials like 
stainless steel, titanium, cobalt chrome and zirconium. 
These material needs to be strong enough to support the 
weight and the interacting forces that a human deals 
every day. Each of these materials needs to be 
biocompatible with the human body.    
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INTRODUCTION 

 
Biomaterials improve the quality of life for an ever-
increasing number of people each year. The range of 
applications includes joint and limb replacements, artificial 
arteries and skin, contact lenses, and dentures, etc. While 
the implementation of some of these materials may be for 
medical reasons such as the replacement of diseased tissues 
required to extend life expectancies, other reasons may 
include purely aesthetic ones including breast implants. 
This increasing demand arises from an ageing population 
with higher quality of life expectations. The biomaterials 
community is producing new and improved implant 
materials and techniques to meet this demand, but also to 
aid the treatment of younger patients where the necessary 
properties are even more demanding. A counter force to 
this technological push is the increasing level of regulation 
and the threat of litigation. To meet these conflicting needs, 
it is necessary to have reliable methods of characterization 
of the material and material/host tissue interactions. Due to 
new biomaterials are being developed such as: Titanium, 
Stainless steel, Zirconium and Cobalt chrome. 

THE CHARACTERISTICS OF ORTHOPAEDIC 
ALLOYS 

The total hip prosthesis is not made from pure metals, but 
from orthopaedic metal   alloys, specially produced for 
fabrication of artificial joints. The demands on the 
orthopaedic alloys are hard. The alloy must be; 



December 2003     Applications of Engineering Mechanics in Medicine, GED – University of Puerto Rico, Mayagüez                        2                                                                            

·  Very strong - they must not break or even bend  
permanently under heavy load  

·  Not too stiff -  a too stiff device will "stress shield" the 
skeleton too much  

·  Biocompatible - must be well tolerated by the bone 
tissue 

Hot Isostatic Pressing 

All metal alloys used for manufacture of orthopaedic 
implants are solidified solutions of crystals. All, at some 
stage, are melted and allowed to cool in a mould. During 
cooling the metal alloy crystallizes and contracts. The 
crystals are known as grains and may vary greatly in size. 

Very large grains, as can occur in cast cobalt chrome alloy, 
can lead to catastrophic failure of implants.  

During cooling, as the material shrinks, there appear voids 
in the structure of the cold alloy. 

For optimum mechanical properties of the metallic 
orthopaedic device, the crystal size in the alloy must be 
uniform, the structure must be free of voids, and the alloy 
should not contain any impurities.  

Because it is virtually impossible to prevent some of these 
defects to occur in cast materials, the manufacturers use 
mechanical working of the cast alloys to close the voids 
between individual crystals and to expel the impurities.  

One such method is called Hot Isostatic Pressing (HIP or 
"hiping") of cast materials. In this process the components 
are subject to high pressure of at least 1000 atmospheres at 
temperatures of at least 1100 degrees C, but below the 
melting point of the alloy, in an oxygen free atmosphere, 
such as argon.  

The hiping is particularly suitable to improve mechanical 
properties of cast cobalt-chrome components. The process 
produces plastic flow of the alloy thereby collapsing voids 
and cavities in the material that might have acted as 
initiators of device fracture. 

Hiped alloy is stronger than "as cast" alloy, but hiping also 
changes the microstructure of the alloy. The carbides 
present in the solid solution of the alloy are driven out of 
the finished product. This process may drastically change 
some important characteristics of the product, such as wear 
resistance.  

Corrosion resistance 

Metallic surfaces in contact with body's fluids corrode. 
Their surface dissolves and the dissolved metals enter the 
circulation. The concentration of the metals (Cobalt, 
Chromium, or Titan) in the blood increases. The 

orthopaedic alloys are very resistant to this corrosion. Yet, 
the corrosion occurs when  
·  Two dissimilar metals are in contact - this happens in 

modular total hip stems, at the junction of the ball 
component with the taper of the shaft component . 
When both the ball and the stem are made from Cobalt 
- Chrome alloy, slight corrosion is observed in about 6 
  % of the components. When the ball is from Cobalt-
Chrome and the stem is from Titanium alloy, the 
corrosion is observed in 33 % of the components. 
(Collier  1995)  

·  In metal-on-metal total hip joints, there appears wear 
of the joint surfaces, with production of many small 
particles of metal alloys. These small particles 
dissolve in the body fluids. 

  
As a result of these processes, the concentrations of 
Titanium, Chromium, and Cobalt in the blood and urine of 
patients with these prostheses are elevated. 
 
(Jacobs). The trace-metals Cobalt and the Chromium are a 
part of body's enzyme system, but  these metals have  
caused cancer in workers exposed to large concentrations 
of these metals. As yet, however, there is no proof that 
elevated serum levels of Cobalt, Chrome, and Titanium 
produce pathological changes or incite cancer in patients 
with these total hip prostheses. 
 
Blood levels of Aluminum, a metal which is a part of the 
Titanium alloys, are not elevated in patients with total hip 
prostheses manufactured from Titanium alloys. 
 
The question of the long-term effects of orthopaedic metals 
(Cobalt, Chromium, and Titan) on patients with total hip 
replacement is still not decided. (Jacobs) 
 
Chromium and Cobalt are excreted by kidneys; in patients 
with impaired renal function and corroding total hip 
prosthesis,  the blood  concentrations of these metals are 
very high. (Brodner)  Thus, patients with impaired renal 
function should have total hip prostheses with do not 
produce elevated levels of these metals in the blood of 
these patients. 
 
Corrosion resistant orthopaedic steel alloys and other 
orthopaedic metal alloys are not ferro-magnetic.  
 
Thus,patients with these prostheses can be examined with 
MRI. 
 
Research advances 
 
Orthopedic fixation implants is based on its LactoSorb® 
copolymer technology. LactoSorb copolymer is now used 
in Biomet’s orthopedic pins and screws, ACL interference 
screws, suture anchors, pop rivets, meniscal staples, 
craniomaxillofacial plates, screws, and panels, and other 
products. Warren, RI based SwimEx provides an aquatic 
alternative to land-based therapy. In this therapy, athletes 
can run, swim or complete a prescribed therapeutic exercise 
program against the current for musculosketal problems 
ranging from sore shoulders to sprained ankles to 
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postoperative knees. Other alternative to improve the 
stability of the patient is the machine is the computerized 
knee machine.  
 
Table 1. Mechanical properties of Titanium [ 5 ]. 
 
 

Property 
 

Units 
 

Value 
 

Density 
 

Lb/in3 

g/cm3 
0.179 
(4.95) 

Metallurgical 
Condition 

anneal 

 

F 

 
1.475 

Tensile Strength 
 
 

ksi 
(MPa) 

115 
(793) 

0.2% Yield 
Strength 

ksi 
(MPa) 

 

95 
(655) 

Elongation 
 
 

 
% 

22 

Reduction in Area 
 

 
% 
 

60 

Typical Hardness 
 

 
HRC 

24 

Modulus of 
elasticity 

 

 
Ksi 

17500 

Poisson Ratio 
 
 

 
- 

0.33 

                                                                                                                                                                        
 

Properties of titanium 
 
Titanium is a material with high strength, low weight and 
outstanding corrosion resistance. For that characteristics, 
more than 1000 tones of titanium devices  are implanted in 
patients every year. 
 
 Light, strong and totally biocompatible, titanium is one of 
few materials that naturally match the requirements for the 
implantation in the human body. The selection of titanium 
for implantation is to determinate the most favorable 
characteristics including low modulus, density and highly 
damage tolerant. The wheat ratio for titanium and its alloys 
are: 1.4 -1.7 (1.1 is a minimum for an acceptable implant 
material). Fracture toughness of all high implant alloys is 
above 50 MPa-1/2 with critical cracks lengths well above 

the minimum for detection by standard methods of 
nondestructive testing. A metal’s lightness is a positive aid 
to reducing any fatigue of the surgeon. Titanium in non 
magnetic, and there is therefore no threat of damage to 
small and sensitive implanted electronic devices. The 
density of titanium at 4.51 g. cm3- is midway between that 
of the light alloys based on aluminum and magnesium and 
that of steels and nickel alloys. Alloys now available offer 
tensile strength of around 1400 MPa which compare with 
many structural steels. Another characteristic is the 
corrosion resistance in a wide range of natural and 
chemical environments particularly in respect of the pitting 
and stress corrosion cracking: Hip and knee prostheses, 
partial replacements for the long bones, bone fracture plates 
and screws, plates for cranial surgery and dental implant. 
Pure titanium is ductile (15 to 25% elongation), and it has a 
ultimate tensile strength of (approximately 30 ksi (207Mpa) 
at room temperature). Titanium and its alloys are about 
40% lighter than steel and 60% heavier than aluminum. 
The combination of moderate weight and high strengths, up 
to 200,000 psi, gives titanium alloys the highest strength -
to-weight ratio of any structural metal roughly 30% greater 
than aluminum or steel. High purity of titanium metal has a 
yield strength of 35,000 psi with elongation of 55%. The 
minimum yield strength is 70,000 psi with minimum 
elongation of 15%. The tensile strength may be up to 
105,000 psi. The specific gravity is 4.54. It is paramagnetic 
and has low electric conductivity. Mechanical properties of 
Titanium are shown in table 1. 
 
Uses of titanium 

 
Titanium is used in surgical appliances, and in therapy of 
skin disorders. It is used as an implant material in 
orthopedics, oral surgery and neurosurgery. Titanium alloys 
are used in situations where lightweight strength and ability 
to withstand temperature extremes are required. It is also 
used in surgery equipment and wheelchairs. It is used for 
artificial hips and joints. The physiological inertness of 
titanium makes it available as a replacement for bones and 
cartilage in variety surgeries.  
 
Titanium: Health and safety issues 
 
Titanium is nontoxic and does not require serious 
limitations on its use because of health hazards. It is 
pyrophoric because of its heat-producing reaction with 
oxidizing elements such as oxygen.  

Biocompatibility of titanium and titanium alloys 

Titanium and titanium alloys have been used in medical 
engineering for many years. The applications are varied 
and include the following: joint replacement parts for hip, 
knee, shoulder, spine, elbow and wrist, bone fixation 
materials such as nails, screws, nuts and plates, dental 
implants and parts for orthodontic surgery and dental 
prosthetics, heart pacemaker housings and artificial heart 
valves, surgical instruments for heart and eye surgery, 
components in high-speed blood centrifuges. 
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Titanium versus stainless steel 

Medical grade titanium alloys have significantly higher 
strength to weight ratio than competing stainless steel. The 
three most common frame materials-stainless  steel, 
aluminum, and titanium actually have similar modulus. 

COBALT CHROME 

Cobalt-chrome alloys are part of the group of non-precious 
alloys, also referred to as precious-metal-free alloys. The 
first cobalt-chrome alloy that was introduced in dentistry in 
the 1930s was an alloy used in medical implant logy . It 
was used in the partial denture technique. In dental usage 
the term “steel” became a synonym with partial denture 
alloys consisting of cobalt-chrome alloys. However, this 
designation is misleading since steel refers to iron alloys 
containing carbon. The frequently used designation 
“chrome-cobalt alloy” is also incorrect because by 
definition this would involve alloys on a chromium base. 
Besides being used as partial denture alloys, cobalt-chrome 
alloys such as Wirobond®C (BEGO) has been utilized as 
crown and bridge alloys for ceramic veneering. The acrylic 
veneering of cobalt-chrome alloys generally displays more 
favorable bond values than with precious-metal alloys. on-
precious alloys have a negative reputation among some 
dentists and dental technicians. Poor process ability, 
inadequate chemical and biological properties are cited as 
reasons for this. This polarization goes so far that 
consideration is only given to alloys with a high gold 
content, whose properties are applied to other precious-
metal alloys (on palladium or silver base and to alloys with 
reduced gold content) without reflection, however. This 
results in a distorted picture that does not accurately reflect 
the non-precious  

Biocompatibility of cobalt chrome 

Systemic-toxic reactions, i.e. those that affect the entire 
body, can be ruled out due to the low corrosion rates and 
because of the fact that the released ions are essential 
elements and such reactions are not described in dental 
literature. In principle, 100% security cannot be given for 
any alloy or very generally for any dental material. The 
residual risk for Wirobond®C, however, is assessed as 
extremely minimal.  

Dental technicians not only come into contact with the 
alloy in solid form as cast pieces or finished restoration. 
During casting and grinding they also come into contact 
with smoke and dust, which then enter the lungs. From the 
steel industry it is known that health problems may result in 
this way through nickel, cobalt and chromium. Rather, in 
one’s own interest care should be taken when processing 
precious-metal alloys (and all other dental materials!) that 
as little of the grinding dust as possible is inhaled. On the 
other hand, conclusions must not be drawn uncritically 
from the toxicity of dust with respect to the toxic effect of 
dental alloys. It is important here to consider the type and 
size of particles, their chemical states (ions, dust, ...) and 

the place of resorption. Failure to take these parameters into 
account leads to incorrect conclusions, which was already 
realized by [Gadamer 1909, 6 ] 

Corrosion of cobalt chrome alloy 

It has been shown that cobalt-chrome alloys display an ion 
release that is somewhat higher than that of gold alloys, but 
is still on the same order of magnitude. It is known that 
dental processing, such as casting [2], grinding [8,9] or 
ceramic veneering [1,11,14], may influence the corrosion 
characteristics of dental alloys. In the case of cobalt-
chrome alloys, this influence are relatively small. This 
means that such alloys are very rugged. Ground surfaces 
were compared for Wirobond®C. By grinding with grain 
size 1200 selenium carbide paper, the surface was removed 
only on a “dental order of magnitude”, i.e. up to metallic 
gloss, and not 100 µm as stated in the instructions for the 
corrosion test. The lower degree of material removal results 
in values that tend to be higher, but are more realistic in 
view of daily dental practice. It has been shown here that 
Wirobond®C does not display lower ion release due to 
boiling in hot water or evaporation. Consequently one may 
conclude that the surface has been passivated adequately.  

There are many causes that contribute to the corrosion of 
metals when placed inside the human body. After surgery 
the pH surrounding the implant is reduced to a pH between 
5.3-5.6 typically due to the trauma of surgery. Infectious 
microorganisms and crevices formed between components 
can reduce oxygen concentration, both of which contribute 
to the corrosion of the implant. 

Materials used must meet the biocompatibility constraints 
set forth by the Food and Drug Administration (FDA). If a 
company wants to introduce a material inside the body, the 
firm must demonstrate, through testing and analysis, the 
material's biocompatibility. Biocompatibility is the extent 
to which a material is compatible or friendly with the body. 
The major materials used for implants today include 
titanium alloy, cobalt chromium, and stainless steel. All 
these materials are considered biocompatible by the FDA . 
However, they all corrode and can cause complications 
inside the body. 

A concern has recently surfaced in the biomedical field 
about the possible propensity for cobalt-chromium to cause 
cancer. Cobalt-chromium consists of the elements cobalt, 
chromium, nickel and molybdenum. There is a concern that 
the corrosion of cobalt-chrome in the wet, salty 
surroundings of the human body may be sending toxins 
streaming into the body, possibly causing cancerous 
tumors. Even though only about fifteen tumors have ever 
been reported at the site of an implant, many more could 
exist and go unreported (partially due to the age of most 
patients). Although these concerns have met some strong 
opposition in the industry, many companies are pushing 
towards safer materials. Such materials include titanium, 
inert fiber-reinforced composites, and ceramics. Studies 
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involving titanium have illustrated that this material is 
generally well tolerated in the body. 

Some other effects of corrosion exist in the implant 
materials. Skin conditions such as dermatitis have been 
reported from exposure to nickel. Cobalt shows signs of 
causing anemia by inhibiting iron from being absorbed into 
the blood stream. Ulcers and central nervous system 
disturbances have been detected as a result of chromium. 
Aluminum present in some implant materials may cause 
epileptic effects and Alzheimer's disease. Most of these 
side effects were the result of testing done outside the body 
in a different state from the implant. However, they do 
illustrate the possible hazards associated with the corrosion 
of implant materials inside the body. 

Because all metals corrode, preventing corrosion is 
difficult. The only apparent solution to this problem rests 
with reducing the amount of corrosion by choosing better 
quality materials. Efforts should also be made to use 
materials whose corrosion does not create adverse effects 
inside the body. The common denominator of these types 
of complications is that they all increase pain and reduce 
the functional capacity of the implant. This leads to a 
subsequent loss in quality of life of the patient. Thus, the 
complications prevent total hip replacement from achieving 
its goal. 

Properties of cobalt chrome alloys 

Chromium and molybdenum are the most important 
elements for the corrosion properties. As far as nickel-
chrome alloys are concerned, it is known that a chromium 
content of at least 20% is required for these alloys to be 
corrosion-resistant and thus biocompatible. Chromium 
protects the metal underneath through the formation of 
mechanically and chemically stable oxide layers. This is 
comparable to painting a garden fence. The paint prevents 
the penetration of air, water and acids to the metal in the 
fence. However, one needs a certain amount of paint to 
ensure a complete coat. In the case of non-precious alloys, 
chromium corresponds to the paint and the chromium 
concentration corresponds to the quantity of paint. In DIN 
13 912 from 1996 [3] a minimum chromium concentration 
of 20% is required in the composition. Furthermore, it 
stipulates that through the formula “Cr content + 3.3 * (Mo 
content + 0.5 * W content)” a value greater than 30 
(Wirobond®C: 54.05) should be attained.  

A carbon content of less than 0.02% ensures that no carbide 
precipitation that would lead to brittleness of the marginal 
areas of the seam occurs during laser welding. This would 
then result in an increased risk of fracture.  

Highly pure base metals are used to make alloys. However, 
there are no 100% pure metals. For example, platinum ores 
contain palladium and sometimes also nickel impurities, 
cobalt is accompanied by nickel (and conversely), etc. 
Complete separation of the elements is never possible. The 
relevant standards [3,4] stipulate a maximum nickel content 

of 0.1 %. Concentrations of greater than 0.1% have to be 
declared. Alloys with less than 0.1% of nickel can be 
designated as nickel-free. The claim that a cobalt-chrome 
alloy is absolutely nickel-free would be objectively false 
and can only be understood on the basis of marketing 
aspects. In the case of Wirobond®C, the CE mark 
guarantees that the nickel concentration is less than 0.1%.  

If a restoration made of a cobalt-chrome alloy weighed 10 g 
(extremely large bridge, partial denture), the entire 
restoration would contain a maximum of 0.07 g (= 70 mg) 
of nickel. The latter, however, is not only found on the 
alloy surface, but is spread homogeneously throughout the 
restoration. If one assumes that nickel is detached from the 
alloy to the same extent as cobalt (which is probable 
although nickel is nobler than cobalt), the release of nickel 
will amount to approx.  (0.03 µg/cm²) in the first week and 
constantly decline thereafter. If one compares this to the 
daily uptake in food, i.e. approx. (190 – 900 µg), 
toxicological or allergic stress appears very improbable. In 
the case of alloys with veneering capacity, the available 
area is additionally reduced considerably due to the 
veneered   ceramics. Mechanical properties are show in 
table 2. 
 
With a coefficient of thermal expansion of 14.2 [10 –6 * K –

1] Wirobond®C is optimally suited for conventional 
ceramics, such as Omega 900. This veneering ceramic is 
well suited for palladium-free gold alloys because of the 
reduced firing temperatures. 
 
Experimental studies have shown that a sufficiently high 
bond strength can be achieved. A shear bond strength of 
over 25 Mpa, determined by means of the so-called 
Schwickerath Test [10] is regarded as clinically adequate. 
These values are surpassed by Wirobond®C with various 
ceramics and even after repeated casting 
 
Table 3.   Mechanical   properties  of  Cobalt  chrome [ 8 ]. 
 

 
Property 

 
Unit 

 
Value 

Ultimate strength MPa 931  

Modulus of 

elasticity  

GPa 232.8  

0.2% ductile yield  MPa 414  

Elongation limit  %                 70 

Shear Modulus GPa 83.36  

Melting point  
C 1315-1440 

Thermal  
conductivity at 
316
C 

 
- 

 
17.0 W / m-k 

Poisson Ratio - 0.29 
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The somewhat higher values for Bio PontoStar®, an alloy 
with a high gold content that can be veneered, can be 
generally viewed as positive, but presumably no longer 
have any clinical relevance. 
  
As far as acrylic veneering is concerned, non-precious 
alloys generally display higher values than precious-metal 
alloys. Wirobond®C can be used for veneering crowns and 
bridges with ceramics. The dental processing of cobalt-
chrome alloys is assessed as more unfavourable in 
comparison to gold alloys. This is also reflected in the 
slightly higher costs for the required instruments. 
 
This partially offsets the price advantage of the alloy. This 
opinion must be qualified, however. In the veneering of 
frames the difference in the required processing between 
gold and cobalt-chrome alloys with veneering capacity is 
not very great. In the case of fully cast crowns, the more 
difficult processing of the cobalt-chrome alloys is a 
significant negative factor.  
It is recommended, therefore, that the processing 
instructions be followed. Each alloy has its specific features 
that must be taken into account. This applies to non-
precious alloys as well as to precious-metal alloys. 
 

ZIRCONIA  
The zirconium minerals have been known most as their old 
names jargon, jacinth, and hyacinth. Zirconia’s as a pure 
oxide does not occur in nature but it is found in baddeleyite 
and zircon (ZrSiO4) which form the main sources for the 
material.  Of the two of these, zircon is by far the most 
widespread but it is less pure and requires a significant 
amount of processing to yield zirconia. Mechanical 
properties of Zirconia  are shown in table 4. 

 
TABLE 4. Mechanical Properties of zirconia ceramics       
[ 28 ]. 
 

Zirconia Ceramics 

Property Units PSZM
g 

PSZY
t 

FSZY
t 

Stabilization       
  MgO Y2O3 Y2O3 

Stabilization Percent 
(mole) 

  
% 

5.0 3.0 8.0 

Bulk Density      * g/cm3 5.70 6.00 5.70 

Flexural (Bending)  
Strength              * MPa 620 850 140 

Elastic Modulus * GPa 200 200 - 

Hardness            * kg/mm2 11.5 12 - 

Fracture      
Toughness          * Mpa*m

1/2 11 8 - 

Porosity              * % 0 0 0 

* At 20
C 

Application of zirconia in orthopaedic implants 

Zirconia is used as a femoral head component in hip 
implants. High strength and high toughness allow the hip 
joint to be made smaller which allows a greater degree of 
articulation. The ability to be polished to a high surface 
finish also allows a low friction joint to be manufactured 
for articulating joints such as the hip.  
 
The chemical inertness of the material to the physiological 
environment reduces the risk of infection. For this reason, 
only zirconia’s manufactured from low radioactivity 
materials can be used in this application. Alumina and 
Zirconia are known for their general chemical inertness and 
hardness. Figure 1 shows effects of fracture toughness on 
flexural strength for ceramics.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

          
Figure 1. Fracture toughness versus flexural strength for 
ceramics [ 28 ].  
 
These properties are exploited for implant purposes, where 
it is used as an articulating surface in hip and knee joints. 
Its ability to be polished to a high surface finish make it an 
ideal candidate for this wear application, where it operates 
against materials such as ultra high molecular weight 
polyethylene(UHMWPE).                                 
    
Alpha-Alumina and partially stabilized Zirconia (YPSZ) 
are accepted and standardized ceramic materials in clinical 
use today, and have a long clinical 
history in hip joint replacement in articulation with 
Polyethylene or themselves (Alumina). Although effective, 
both materials have specific potential disadvantages. 
Alumina exhibits excellent hardness and wear properties, 
however it is a brittle material with a risk of fracture. Also 
certain design restrictions apply to Alumina due to this 
property. Zirconia has only 50% of Alumina’s hardness but 
transformation toughening improves fracture resistance. 
Therefore, its overall toughness and bending strength are 
substantially higher than Alumina. However because 
Zirconia is in a met stable form, phase transition can occur 
and affect its overall stability. The poor thermal 
conductivity of Zirconia that increases this phenomenon is 
also of concern. Therefore the ideal ceramic would be a 
material that combines the best properties of Zirconia and 
Alumina. 
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Zirconia strength and reliability 
 
High strength is important in a framework material, but 
strength alone is not sufficient to create a viable restoration. 
The resistance of a ceramic to failure through the growth of 
small cracks ( toughness ) is the best best predictor of 
clinical success in a dental material.  Zirconia is unique 
among dental ceramics in that it exhibits a physical 
property called transformation toughening (strengthening).  
In the high stress zone of a crack tip, Cercon zirconia goes 
through a phase transformation to a different, larger volume 
structure of zirconia. This process acts to effectively resist 
crack growth, and toughen the material locally.  This 
transformation toughening process is Cercon zirconia’s 
secret weapon. No other dental ceramic exhibits this 
phenomenon.  In practical terms, this makes zirconia’s the 
only viable choice for a reliable bridge restoration in the 
molar region. Zirconia (table 5) based materials are 
characterized by: 
 
1.   High strength,  
2.   High fracture toughness,  
3.   High hardness,  
4.   Wear resistance,  
5.   Good frictional behavior.  
6.   Non-magnetic.  
7.   Electrical insulation.  
8.   Low thermal conductivity.  
9.   Corrosion resistance in acids and alkalis.  
10. Modulus of elasticity similar to steel.  
11. Coefficient of thermal expansion similar to iron. 
 
Esthetics and biocompatibility of zirconia 
 
Only a high-strength ceramic such as Cercon Zirconia can 
provide a reliable, biocompatible and esthetic solution for 
all crown and bridge restorations. Cercon Zirconia is a 
highly stable oxide ceramic. It has a history as a 
biomaterial dating back to the 1970s, and is currently the 
material of choice for use in total hip replacements. Cercon 
Zirconia has a unique combination of excellent physical, 
 
 
Table 5. Mechanical properties of zirconia [ 28]. 

 
 

mechanical and  chemical  properties  that make it an ideal 
biomaterial. The zirconia framework material Cercon base 
and the veneering porcelain Cercon ceramic combine to 
form a restoration that mimics the natural vital tooth in 
appearance, behavior and longevity. Cercon ceramic 
porcelain features engineered compatibility to Cercon base, 
as well as high translucency, vitality and light dynamics. 
 

Stainless Steel 
 
Stainless steel is essentially low carbon steel that contains 
chromium. The corrosion resistance and other useful 
properties of the steel are enhanced by increased chromium 
content and the addition of other elements such as 
molybdenum, nickel and nitrogen. The alloys used in 
orthopedic surgery need to have certain specific properties. 
Since the alloy will be bathed in body fluid, it is imperative 
that a low rate of corrosion and relative inertness be 
specific to the material. For orthopedics the type that the 
usually use is the stainless steel 316L.  The “L” grades are 
used to provide extra corrosion resistance after welding. 
The letter “L” after a stainless steel type indicates low 
carbon (as in 304L). The carbon is kept to .03% or under to 
avoid carbide precipitation. Carbon in steel when heated to 
temperatures in what is called the critical range (800 
degrees F to 1600 degrees F) precipitates out, combines 
with the chromium and gathers on the grain boundaries. 
This deprives the steel of the chromium in solution and 
promotes corrosion adjacent to the grain boundaries. By 
controlling the amount of carbon, this is minimized. For 
weld ability, the “L” grades are used. “L” grades are more 
expensive. 
 
The low carbon (L) in surgical stainless steel improves 
corrosion and decreases adverse tissue responses and metal 
allergies. These allergies can produce some reaction in the 
body of the patient. One of these reactions is that the steel 
can form a battery effect when they are mixed with the 
solution in the body. Those solutions that all humans have 
on their bodies would react against the implant so that 
would be a reason for the scientist to make some  
 
 
 

 
 
 
 

Property Units TZP f  PSZ f  Y-CSZ f  Mg-ZrO 2 g 

Matrix density g/cm³ 6.0  5.7  5.9  5.5 

Porosity % < 1  ca. 15  < 1  ca. 30 

Mechanical properties        

Crushing strength  20 °C MPa 2100  ca. 2000  ca. 1800  ca. 1600 

Flex-cracking      20 °C 

 Resistance          800°C 

 

MPa 

MPa 

1200 

350 

 

 
ca. 600  300  ca. 200 

Modulus of elasticity GPa 200  190  170   

Fracture toughness K1C MPaÖm 10  6  3   

Vickers hardness 

Thermal shock resistance 

GPa 13 

Low 

 

 
 

medium 

 

 
 

low 

 

 
 

Good 
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arrangements to the materials properties. Making these 
arrangements in a good way so we can enrich our lives with 
all these new materials that could replace parts from our 
body. The stainless steel type 316L was accredited to 
Sherman Surgical stainless steel alloys; they discovered 
this specific material that is made with varying amounts of 
iron, chromium, and nickel. 

The only difference in composition between 316L and 316 
stainless steel is the content of carbon. A wide range of 
properties exists depending on the heat treatment 
(annealing to obtain softer materials) or cold working (for 
greater strength and hardness). Even the 316L stainless 
steels may corrode inside the body under certain 
circumstances in a highly stressed and oxygen depleted 
region, such as contact under screws or fracture plates. 
Thus, stainless steels are suitable to use only in temporary 
implant devices, such as fractures plates, screws and hip 
nails. 

Types of stainless steel with their respective           
information  

TYPE 304 The most commonly specified austenitic 
(chromium-nickel stainless class) stainless steel. This grade 
withstands ordinary corrosion in architecture, is durable in 
typical food processing environments, and resists most 
chemicals. Type 304 is available in virtually all product 
forms and finishes.  

TYPE 316 Austenitic (chromium-nickel stainless class) 
stainless steel containing 2%-3% molybdenum (whereas 

304 has none). The inclusion of molybdenum gives 316 
greater resistance to various forms of deterioration.  

TYPE 409 Ferrite (plain chromium stainless category) 
stainless steel suitable for high temperatures. This grade 
has the lowest chromium content of all stainless steels and 
thus is the least expensive.  

TYPE 410 The most widely used martens tic (plain 
chromium stainless class with exceptional strength) 
stainless steel, featuring the high level of strength conferred 
by the martens tics. It is a low-cost, heat-treatable grade 
suitable for non-severe corrosion applications.  

TYPE 430 The most widely used ferrite (plain chromium 
stainless category) stainless steel, offering general-purpose 
corrosion resistance, often in decorative applications 
The cleanliness or purity of the refined implant alloy may 
influence greatly the corrosion resistance and mechanical 
properties. All steels contain impurities or non-metallic 
inclusions, which by design are minimized to obtain the 
desired combination of properties for implantation 
purposes. It is estimated from retrieval studies that stainless 
steel alloys constitute approximately 60% of the implants 
used in the United States. A wide range of properties exists 
depending on the heat treatment (annealing to obtain softer 
materials) or cold working (for greater strength and 
hardness). Even the 316L stainless steels may corrode 
inside the body under certain circumstances in a highly 
stressed and oxygen-depleted region, such as contact under 
screws or fracture plates. Thus, stainless steels are suitable 
to use only in temporary implant devices, such as fractures 
plates, screws and hip nails

Evaluate Orthopedic Hardware before Adjusting the 
Patient 
 
DCs must exercise caution when adjusting patients with 
orthopedic hardware in the region intended for adjustment. 
The first consideration should be to assess if the region is 
stable. Orthopedic hardware can loosen - even fracture - 
due to biomechanical stresses and infection. We are very 
good at assessing biomechanical changes as they appear on 
plain films. However, we are not so familiar with the 
radiographic changes associated with orthopedic hardware; 
we should be aware of the problems associated with it, 
especially if we are going to treat patients with orthopedic 
fixation devices.  

The most efficient way of assessing the stability of a 
fixation device is to take a radiograph. There are just a few 
simple key points to keep in mind when performing 
radiographs of orthopedic fixation hardware.  

A. Technical Considerations for X-rays of Orthopedic 
Hardware are: 

·  Expose a minimum of two orthogonal views of 
the body part. 

·  Include the entire body part on the film, including 
the joints above and below. 

·  Include the entire orthopedic device, preferably 
with several centimeters of normal bone on either 
end. 

·  Include a slight overexposure, which may be 
helpful for looking at metal fixation devices. 

·  Be compared with old films, which is mandatory 
if there is a healing fracture.  

Though these patients may already be managed by 
orthopedists, for general safety, the chiropractor should 
carefully look for problems of fixation. Specifically, look at 
the alignment, apposition and rotation of the region 
involved. Always look for problems with the fixation 
device, such as incorrect application of the device, device 
failure, or infection of the device.  

Be familiar with the general names and function of the 
various orthopedic devices that our patients might carry 
with them. If one is generally aware of the particular 
function of the device, evaluating the stability of the region 
is much easier. Avoid counter-rotation and the use of the 
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area with the device as a fulcrum. This is just a general rule 
of thumb, but it makes sense not to stress an area that might 
be weak anatomically. One might need to modify or 
completely avoid some adjustment techniques.  

B. Classification of Orthopedic Fixation Devices 

 Internal Fixation Devices 
·  Screws  
·  Plates  
·  Wires and pins  
·  Intramedullary rods and nails  
·  Spinal fixation devices  

External Fixation Devices  
·  Fracture fixation  
·  Radius  
·  Tibia  
·  Pelvis  
·  Bone lengthening  
·  Ilizarov device  

The chiropractors do not worry about the external fixation 
devices, because a chiropractor would not adjust a patient 
with these types of contraptions in place.  

 

Figure 2. Four locking options [ 4 ]. 

1. Screws. The mainstay of orthopedic fixation is the 
screw. There are many uses for the screw. It can be used 

alone or along with other devices. The general principle is 
that bone heals better if the fracture fragments are aligned 
and pressed closely together. The idea is to stabilize the 
fracture and keep the bone in anatomic alignment. Screws 
do not protect fractures from bending, rotation or axial 
loading forces. Other devices are used to provide these 
functions. The main function of the screw is to compress 
the fragments together. This can be static or dynamic 
(where the body's weight or muscle forces produce added 
compression).  

Another type of screw commonly used is a cannulated 
screw, with a hollow shaft. The main advantage of this type 
of screw is that it can be placed very precisely. First, a wire 
is placed in the area of interest; then the cannulated screw 
is driven into the bone along the shaft of the wire. Then the 
wire is withdrawn. The problem with this technique is that 
it is possible to perforate the articular surface.  

 
Figure 3. Cortical crews. 
 
 

 
 
Figure 4. A cannulated srew is hollow drive over a k wire, 
and once in place, the wire is removed.   
 
One should remember that in order to use a screw, one has 
to make a screw hole in the bone or in the hardware. It is 
estimated that one screw hole passing through both cortices 
of a femoral shaft will weaken that femur by 90 percent to 
some types of stress. We don't want to find out what types 
of stress those are, so stay away from those screws. Figure 
2 to 5 indicate screws. 

Washers (figure 6) are used in two situations: to distribute 
stresses under a screw; and serrated washers are used to 
affix avulsed ligaments, small avulsion fractures or 
comminuted fractures to the main bone.  



December 2003     Applications of Engineering Mechanics in Medicine, GED – University of Puerto Rico, Mayagüez                        10                                                                            

Before we describe other devices, the most interesting 
screw of which I am aware is the one that is invisible to x-
ray. (Figure 7) . 

 

 

 

One of the current tenets of orthopedic fixation is that bone 
heals better if the fracture fragments are pressed firmly 
together. Many orthopaedic devices are designed to do just 
that, as well as their primary function of stabilizing the 
fracture in anatomic alignment. Fracture compression 
increases the contact area across the fracture and increases 
stability of the fracture. It also decreases the fracture gap 
and decreases stress on the orthopedic implant. This 

compression can be static, where the compression is 
produced by the fixation device alone, or dynamic, where 
body weight or muscle forces are used to produce 
additional compression.  

Screws are one of the most ubiquitous hardware devices. 
They may be used by themselves to provide fixation or in 
conjunction with other devices. Any screw that is used to 
achieve interfragmental compression is termed a lag screw. 
Such screws do not protect fractures from bending, rotation 
or axial loading forces, and other devices should be used to 
provide these functions.  

 

Figure 7b. Common types of screws; cortical and 
cancellous screws [4]. 

 
 
Cannulated  screw 
 
Cortical screws tend to have fine threads all along their 
shaft, and are designed to anchor in cortical bone. 
Cancellous screws tend to have coarser threads, and usually 
have a smooth, unthreaded portion, which allows it to act as 
a lag screw. These coarser threads are designed to anchor in 
the softer medullary bone.  

Another commonly used screw is the cannulated screw, so 
called because of its hollow shaft. Although these screws 
have somewhat diminished pullout strength compared to 
conventional screws, cannulated screws have many 
advantages over other screws, especially the precision with 
which they can be placed. To place these screws, the 
orthopedist first drills a small Kirschner wire across the 
area of interest under C-arm fluoroscopic control. These 
"K" wires can be placed and replaced with minimal trauma 
to the bone until they are in optimal position. The 
cannulated screw is then placed over the wire and slid 
down to the bone surface. A special driving tool then 
allows the screw to be driven into the bone along the shaft 
of the K wire, in a manner very similar to the way 
radiologists pass angiographic catheters over guide wires 
using the Seldinger technique. The K wire is then 
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withdrawn. One major complication of these screws is 
perforation of the articular surface when these screws are 
placed into a bone with their tips close to the subchondral 
bone. If an orthopedist is concerned about this possibility 
during surgery, contrast material may be injected through 
the hollow center of the screw in question -- spillage into 
the joint cavity under fluoroscopy will be unequivocal 
evidence of perforation.  

 

 

Figures # 8 (up) and 9 (bottom) AP and lateral views of the 
craniocervical area, showing cannulated screws bridging a 
type II dens fracture [4].  

Certain specialty screws are also often seen. The Herbert 
screw is designed for use in fractures of small articular 

bones ( figure 10) such as the carpals. It is cannulated and 
threaded at both ends. These threads run in the same 
direction, but the proximal portion has a wider pitch to its 
thread. Thus, when the proximal threads engage in the 
bone, they tend to move through the bone faster than the 
threads at the distal end, causing the two ends of the bone 
to compress together. This screw is used where a standard 
screw would impinge on adjacent tissues, such as in the 
treatment of scaphoid or osteoarticular fractures.  

 
 
Figure 10. Herbert screw bridging a navicular fracture [4]. 

Another specialty screw occasionally seen is the 
interference screw (figure 11). This screw is sometimes 
used in the repair of the anterior cruciate ligament (ACL). 
In this type of repair, the surgeon employs a cadaveric 
allograft ligament which has a block of bone still attached 
at both ends. A tunnel is drilled through the distal femur 
and the proximal tibia, and these bony blocks are placed 
within the tunnels. The interference screws are placed 
alongside the bone blocks so that they tightly wedge them 
into the side of the tunnel and prevent them from moving.  
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Figure 11.  Interference screws affixing a cadaveric ACL 
graft -- the arrows point out the pieces of cadaveric bone at 
both ends of the graft [4].  

One final word on screws: in order to use them, you have to 
make a screw hole in the bone or in the hardware that uses 

them. This is of note because screw holes weaken whatever 
material they pass through. I have read biomechanical 
estimates that one screw hole passing through both cortices 
of a femoral shaft will weaken that femur by 90 % to some 
types of stress! There are several ramifications to this for 
the orthopedist and radiologist. First, since these holes 
weaken bones and orthopedic hardware, we should look 
closely at these areas on the films since the bones and metal 
will tend to fracture at these sites. Second, orthopedic 
hardware is generally removed as soon as possible so that 
these holes can fill in with new bone formation and bring 
the bone strength back up to normal.  

2. Wires  
 
Generally referred to as the Kirschner or "K" wires, these 
are very handy devices. Besides their usage with 
cannulated screws, they are used in many other ways to 
help reduce and stabilize fractures. A K wire is essentially 
an unthreaded segment that is drilled into bone like a drill 
bit.  
 
The major advantage of a K wire is that it is very small and 
relatively noninvasive, as hardware goes. It can be placed 
through an articular surface, or even across an open 
epiphyseal plate without injury. K wires can be used for 
either temporary or final stabilization. They can be placed 
between bones (as shown in Figure 8), or they can be used 
as an intramedullary device to bridge a fracture of a small 
tubular bone. They are commonly used to help piece 
together all of the fragments of a comminuted fracture prior 
to placement of the final fixation device, especially with an 
intraarticular fracture.  

A variety of wires are used by orthopedic surgeons. One 
common type is the cerclage wire (figure 12a and 12b), in 
which the wire is placed around the circumference of the 
bone to pull various fracture fragments together. In the 
example below, two cerclage wires are used in conjunction 
with an intramedullary nail to provide support for the 
comminuted fragments above the transverse fracture.  

Yet another type of wiring seen in orthopedic surgery is 
called tension band wiring (figure 13). This type of wiring 
may be placed either by itself, as shown in the patellar 
fracture below, or in conjunction with a screw or Kirschner 
wire.  

These tension band wires perform a sort of "biomechanical 
judo", in that they take the normal muscular pull that is 
trying to pull the fracture fragments apart, and use it in a 
clever way to force the bony fragments together in 
compression. In the example below, one can see that the 
actual location of the tension band wire is important. If the 
wire is placed too far posteriorly (left drawing), the 
muscular pull on the wire will cause the fracture to gape 
open anteriorly (distraction). When the wires are placed far 
enough anteriorly (right drawing), the muscular pull now 
causes the patellar fragments to be pushed firmly together 
in compression.  
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Figure 12a. Plates [19]. 

 

 

Figure 12b. Femoral fracture bridged by an intramedullary 
nail and two cerclage wires [23]. 

 

Figure 13. Patellar fracture bridged by tension band wire 
[19]. 

This same sort of biomechanical judo is employed when 
the tension band wire is used with a wire or screw. In the 
example below, a fracture is seen through the olecranon 
process. In a situation like this, the triceps muscle group 
will exert a large force tending to pull the proximal 
fragment far away from the rest of the ulna. Even when the 
fracture has been bridged by one or more screws, there is a 
tendency for these screws to be pulled out by the triceps. 
The addition of a tension band wire (as figure 14) shown 
below will convert some of the triceps traction into 
compression of the ends of the bone together and prevent 
the screw from pulling out.  

 

Figure 14. Olecranon fracture bridged by cancellous screw 
and tension band wire [4]. 
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As I have already alluded, the Kirschner or "K" wires are a 
very handy device in the hands of the (figure 15) 
orthopedist. Besides their usage with cannulated screws, 
they are used in many other ways to help reduce and 
stabilize fractures. A K wire is essentially an unthreaded 
segment of extruded wire which is drilled into bone like a 
drill bit. The major advantage of a K wire is that it is very 
small and relatively noninvasive as hardware goes. It can 
be placed through an articular surface or even across an 
open physeal plate without injury. K wires can be used for 
either temporary or final stabilization. They can be placed 
between bones as shown below, or they can be used as an 
intramedullary device to bridge a fracture of a small tubular 
bone. They are commonly used to help piece all of the 
fragments of a comminuted fracture prior to placement of 
the final fixation device, especially with an intraarticular 
fracture.  

 
Figure 15. Kirschner wires ("K" wires) used to stabilize a 
distal radial fracture [4]. 
 
3. Plates (figures 16 to 23) 
 
Plates come in several types, and are named for their 
function. In general, there are compression, neutralization 
and buttress plates. Compression plates are used for 
fractures that are stable in compression. They may be used 
in combination with lag screws, and they may provide 
dynamic compression when used on the tension side of 
bone. The dynamic compression plate is one of the most 
common types of plates, and can be recognized by its 
special oval screw holes. These holes have a special 
beveled floor to them with an inclined surface. If desired, 
this inclined surface can be used to pull the ends of the 
bone together as the screws are tightened.  

 

Figure 16. Dynamic compression plate (DCP) bridging a 
fibular fracture. The arrow is pointing to a syndesmosis 
screw which is bridging the tibiofibular syndesmosis, 
whose ligaments have been torn during the injury. Also 
note a medial malleolar fracture bridged by a screw 
channel, but apparently little else  [4].  

 

Figure 17. The medial malleolar fracture in figure 16 is 
held together by one of these screws, made of a radiolucent 
polycarbonate material, which is designed to eventually be 
absorbed by the body ("stealth hardware"0.  

A new variety of dynamic compression plate is currently 
undergoing trials at UW. This variant is called a low 
contact dynamic compression plate (LCDC plate). This 
plate is distinguished from the conventional DCP by the 
way it is undercut under each screw hole and between 
adjacent screw holes. The rationale for this design is as 
follows. Whenever one clamps a plate down against the 
surface of a bone, one markedly diminishes the periosteal 
blood supply to that area. Theoretically, one would expect 
this to slow healing of the fracture beneath that plate. The 
undercutting of the plate decreases the amount of  
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Figure 18. Low contact dynamic compression (LCDC) 
plate showing the typical undercutting beneath each screw 
hole and between each screw hole [28].  

 

Figure 19. Low contact dynamic compression (LCDC) 
plate bridging a humeral shaft fracture -- note the 
undercutting between each screw hole -- also noted is a 
humeral fracture through the dist. almost screw hole [4].  

contact that the plate makes with the bone surface, and 
hopefully will increase the periosteal blood supply and, it is 
hoped, fracture healing as well. Another type of plate seen 
commonly at UW is the reconstruction plate, which is 
widely used for the repair of pelvic and calcaneal fractures. 
This plate is fairly malleable, and can be readily shaped and 
trimmed to length for support of fractures through complex 
bony surfaces. These are also occasionally used for 
posterior fusion of the cervical spine.  

 
Figure 20. Reconstruction plate [11].  
 

 

Figure 21. Right acetabular fracture bridged by two 
reconstruction plates and multiple screws -- the extra plate 
seen laterally is probably a spring plate -- also noted is the 
proximal end of an intramedullary femoral nail [4].  

Neutralization plates are designed to protect fracture 
surfaces from normal bending, rotation and axial loading 
forces They are often used in combination with lag screws.  

Buttress plates(figure 22) are used to support bone that is 
unstable in compression or axial loading. These plates are 
often used in the distal radius and tibial plateau to hold 
impacted and depressed fragments in position once they 
have been elevated.  
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Figure 22. Buttress plate bridging a humeral neck fracture -
- note that 2 of the 3 most proximal screws have backed out 
(they are loose!) and that 2 of them may penetrate into the 
joint space [4].  

Yet another type of plate commonly seen on postoperative 
films is the blade plate. This plate is usually shaped at an 
oblique or right angle and is designed to be used with 
subtrochanteric femoral fractures or supracondylar 
fractures of the femur. It is also occasionally used to bridge 
a femoral osteotomy. One arm of this device has a chisel-
shaped end that is driven into the bone, bridging the 
fracture. The other arm is used as a side plate and anchored 
to the bone with multiple screws.  

 

Figure 23. Blade plate bridging a distal femoral fracture -- 
note that the distalmost screw is broken, and the plate itself 
is broken just above the fracture line at a screw hole -- a 
broken screw fragment is also noted proximally from a 
previous fixation attempt -- a channel is also noted distal to 
the current blade plate secondary to a previous failed blade 
plate [4].  

There are a variety of devices used to treat femoral 
fractures. The blade plate above and the Jewett nail below 
are not used so commonly these days, but patients still walk 
into orthopedic clinic wearing these devices every day. The 
most common device used nowadays is the dynamic hip 
screw, also shown below. Its main design goals are to resist 
angular deformation while permitting early fracture 
impaction by allowing shortening along the axis of the lag 
screw. This device is specifically designed to treat 
intertrochanteric fractures, but is occasionally used to treat 
subtrochanteric fractures as well. Like the blade plate, it 
has a side plate that is attached to the distal femur with 
several cortical screws. Rather than a blade, this plate has a 
hollow metal barrel through which a large lag screw is 
placed. This large lag screw is placed so that it bridges the 
femoral fracture. Ideally, this lag screw should go right 
down the center of the  femoral  neck on  every 
radiographic view,  and  
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Figure 24. Comminuted intertrochanteric fracture of the 
proximal left femur bridged by a dynamic hip screw [4]. 

its tip should be in the subchondral bone of the femoral 
head. The hollow barrel of the side plate holds the lag 
screw, and hence the femoral neck and head at an anatomic 
angle for healing. It also allows the lag screw to slide 
distally as the ends of the fracture impact and the fracture 
fragments move closer together. When followed over time, 
is quite common to see evidence of this impaction as the 
lag screw telescopes down into the barrel of the side plate. 
The average amount of impaction seen with these devices 
is about 7 mm.  

These devices can fail just like any other device. The 
cortical screws holding the sideplate to the bone may come 
loose. The sideplate may fracture at a screw hole. The lag 
screw may perforate the articular surface of the femur. 
These complications and many more await the eagle-eyed 
radiologist.  

Dynamic hip screws (DHS) are a popular device used to 
bridge fractures of the well-vascularized intertrochanteric 
area. However, when the fracture occurs a bit more 
proximally in the femoral neck, parallel screw fixation is 
often used instead. The rationale here is that the parallel 
screws will cause less trauma to the tenuously supplied 
proximal head and neck fragment than a larger screw such 
as the DHS. If the screws are placed parallel to each other, 

they can allow the fragments of bone to impact together, 
much as a DHS will. Knowles pins, (shown below) were 
once commonly used for this purpose, although other types 
of screws are more commonly used today. Another type of 
pin used currently at Harborview is the percutaneous pin. 
They are commonly used there to treat humeral neck 
fractures. These pins have a self-threading screw tip and are 
placed under C-arm fluoroscopy.   

4. Washers 

Washers are generally used in two situations. They are used 
to distribute the stresses under a screw head so as to 
prevent thin cortical bone from splitting.  

Serrated washers are used to affix avulsed ligaments, small 
avulsion fractures or comminuted fractures to the 
remainder of the bone.  

There are lots of plates used in orthopedics, and they are 
named according to their functions, such as compression, 
neutralization, and buttress plates 
 

 

Figure 25. Knowles pins bridging the right physeal line in a 
patient with a slipped femoral capital epiphysis [4].  
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Figure 26. Parallel screw fixation of a femoral neck fracture 
with cannulated screws [28].  

.  

Figure 27. Comminuted fracture of the surgical neck of the 
humerus bridged by four percutaneous pins [4]. 

 

 

 

Neutralization bridges a comminuted fracture and 
transmits bending or torsional forces from the proximal to 
the distal fragment, protecting the intervening fracture 
fragments from these forces.  

The sliding screw plate apparatus consists of a lag screw 
and a slide plate with a barrel. The threaded portion of the 
screw is placed in the femoral head and its shaft is inserted 
into the barrel of the side plate. The threads of the lag 
screw should be in the subchondral bone, with the screw tip 
optimally about one half inch from the articular surface. 
The side plate should lie flush with the femoral shaft and 
the screws attaching it to the cortex should just penetrate 
the far cortex. The barrel of the side plate should not 
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contact the proximal fracture fragment to ensure impaction 
of bone at the fracture site.  

The degree of telescoping of the sliding screw is measured 
by noting the change in the distance from the end of the 
barrel to the first screw thread on the initial radiographs, in 
comparison to the most current examination. Telescoping 
usually averages 7mm. 7mm on leg length discrepancy can 
cause significant biomechanical changes in the pelvis and 
low back. Keep this in mind when treating any patient with 
a previous hip fracture.  

As with any device, several complications can occur; the 
screw can penetrate the joint; the lag screw turns out to be 
too short and the telescoping may be limited by contact 
between the threaded portion of the screw and the barrel. 
The telescoping mechanism may also fail due to other 
reasons: The nail may break or bend caused by nonunion of 
the fracture; the screw can become disengaged from the 
barrel. In other words, this is not a foolproof mechanism, as 
with any device. complications can occur. Before 
manipulating any patient with any orthopedic hardware, 
make certain there is nothing wrong with the placement and 
stability of the device. Then be certain the technique used is 
not going to affect the stability of the region.  

 
 

 

 

5. Rods  
 
There are a large variety or devices that can be placed into 
the intramedullary canal. Two of the most common are the 
interamedullary rod and the interamedullary nail. Any of 
these devices can be generally divided into two groups; by 
whether intramedullary reaming is necessary prior to 
placement of the device. The nails to be placed in the 
medullary canal must first have the canal reamed so as not 
to shatter the bone as the nail is hammered down the shaft. 
Reaming also has its problems such as thermal 
osteonecrosis, compromising the blood supply. If 
intraosseous pressure becomes elevated during the process, 
fat emboli can migrate to lungs. Therefore, as you might 
suspect, if reaming can be avoided, it is the preferred 
technique, so there are several devices developed for 
insertion without reaming the canal. The "rush" rod has a 
chisel-like tip, and is commonly used for fibular shaft 
fractures. Another type of unreamed nail is the Ender nail, 
which also has a chisel-like end and can be used three or 
four at a time.  
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Lastly, let us just review some of the common spinal 
fixation devices. The prototype for spinal fixation is the 
venerable Harrington rod. It is used for either distraction or 
compression, and has hooks on either end that are designed 
to be placed under the lamina or traverse processes; then 
the device is either extended or compressed. Often they are 
used in conjunction with each other, and one side is 
compressed while the other side is extended, as in the 
scoliotic spine. I'm certain you have all seen these types of 
devices.  

Other common devices are Weiss springs, which are 
compression devices that are attached to the laminae. 
Luque rods are L-shaped, or rectangular rods that are 
attached to the spine by a series of wires placed around the 
laminae. These provide considerable stability so that the 
need for postoperative immobilization is reduced. 

 

 

Again as with any device, it can fail, and the above are a 
few examples of fractured Harrington rods.  

If we use caution when managing patients with hardware, 
we will avoid causing any more injury and may even affect 
some relief in clinical symptoms.  

6. Rods and Nails 

A large variety or devices are placed down the 
intramedullary canal of bones, ranging from Kirschner 
wires up to large femoral nails. One can generally classify 
these devices by whether intramedullary reaming is 
necessary prior to placement of the device. With the first 
nails placed down the femoral shaft, the medullary space 
first had to be reamed out so that the large nail would not 
shatter the bone as it was hammered down the shaft. 

However, reaming is an invasive procedure, and can 
compromise the already tenuous blood supply of the 
medullary space. Reaming can also lead to thermal 
osteonecrosis, especially if the medullary canal is small, a 
tourniquet is used during reaming, or there is marked soft 
tissue injury. If intraosseous pressure becomes elevated 
during reaming, fat emboli to the lungs are possible. For 
these reasons, a variety of unreamed devices have been 
developed. The Rush rod, shown below, has a chisel-like 
tip, and is commonly used for fibular shaft fractures, and 
occasionally in other tubular bones as well. 

 Another type of unreamed nail is the Ender nail. These 
nails also have a chisel-like end. These nails are usually 
used three or four at a time, and pushed through a cortical 
hole up or down the shaft of the bone and across the 
fracture under fluoroscopic control.  
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Figure 41. Rush rod bridging a distal fibular fracture [14].  

 

Figure 42. Ender nails bridging a femoral shaft fracture and 
an intertrochanteric fracture [14].  

The odds-on favorite nowadays for fixation of fractures of 
the femoral or tibial shaft is a reamed or unreamed nail like 
the ones shown below. These nails permit early weight-
bearing and can be placed with closed technique, which 
avoids damage to soft tissue and to the periosteal and 
muscular blood supply. If the fracture is transverse and 
otherwise uncomplicated (not comminuted, rotated or too 
near the end of the bone), the nail may be placed by itself. 
However, interlocking screws are very commonly added 
both proximally and distally to provide stability in cases of 
comminution, and to prevent shortening of the bone or 
rotation of the fracture fragments. When these screws are 
used, the nail is commonly referred to as an "interlocking" 
nail.  
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Figure 43. Segmental fracture of the tibia, bridged by an 
intramedullary nail with a proximal interlocking screw -- 
the distal interlocking screws have been removed [4].  

 

Subtrochanteric fractures are a particularly difficult type of 
fracture to treat, and they behave very differently from a 
garden variety intertrochanteric fracture. In the latter 
fracture type, a dynamic hip screw (DHS) can be used to 
merely provide angular support. Longitudinal support by 
the DHS is not as important in this fracture type, since the 
ends of the bone tend to impact against each other in a 
stable manner. Subtrochanteric fractures, on the other hand, 
put a huge stress on a DHS, especially along the sideplate. 
For this reason, special nails such as the Zickel nail shown 
below and the gamma nail have been developed. These 
devices are much stronger devices than the DHS, and offer 
a much shorter moment arm for rotational forces to act 
upon than the DHS. On the minus side, these nails are also 
more invasive.  

 

Figure 44. Zickel nail bridging a subtrochanteric fracture 
[4].  
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7. Spinal Fixation Devices 

The prototypical spinal fixation device is the venerable 
Harrington rod. These tend to come in two flavors: 
distraction and compression. The hooks are designed to be 
placed under the lamina or transverse processes, and the 
device is either extended or compressed to the desired 
position. Sometimes both types of rods will be used in the 
same spine.  

 

 

Figure 45. Harrington distraction rod and compression rod 
[25].  

 

Figure 46. Patient with thoracic scoliosis, convex to the 
right, bridged by a Harrington rod and bone graft along the 
concave side of the spine [4].  
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Figure 47. Bilateral Edwards rods bridging a spinal fracture 
[4].  

Harrington and Edwards rods have been largely superseded 
by other newer devices. The most common spinal fixator 
that I see these days is some form of posterior spinal rod. 
These rods are usually used in pairs, and are attached to 
pedicular screws which are anchored in multiple vertebral 
bodies above and below the site of treatment.   
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Figures 48 and 49 Anteroposterior (AP) and lateral views 
of bilateral posterior spinal rods bridging L4, L5 and S1. 
This patient underwent spinal fusion following a 
laminectomy done for spinal stenosis. The small metal cage 
seen in the L5-S1 disk space contains bone graft material 
which can promote osseous fusion at this site [4].  
 

8. External Fixation 

All things being equal, orthopedists generally prefer to treat 
fractures in a closed fashion. Failing that, they would prefer 
to treat them with internal fixation. However, sometimes 
there are extenuating circumstances that preclude the use of 
internal fixation. External fixators can be very helpful in 
these circumstances. Indications for external fixation are: 

·  Open fracture with massive soft tissue damage  
·  To provide instant fixation in cases of polytrauma  
·  May be the only way to treat fractures with deficient 

bone stock or infection (external fixation allows easy 
access to wounds)  

The weak link in the external fixation system are the 
threaded pins that are anchored in the bone. These pins 
should pass through the cortex on either side of the 
medullary space, and only a few millimeters of the pin tip 
should ideally protrude through the distal cortex. The usual 
complications of this fixation system are loosening or 
infection (or both) of the pins. Lucency developing about a 
pin as it travels through the cortex is evidence of loosening 
of that pin. 

 Infection is a much harder diagnosis to make 
radiographically. Long before signs of radiographic 
infection develop, the orthopedist will make the diagnosis 
by seeing pus oozing up along the pins as they exit the skin. 
Even the presence of periosteal new bone formation about 
the pin tracts is unhelpful, since these drilled holes are after 
all fractures of a sort, and fractures do produce callus, even 
without infection. 
 

 
Figure 50. Screws are placed into the bone above and 
below the fracture, and a device is attached to the screw 
from outside the skin [28].  
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Figure 51. External fixator bridging a tibial fracture [4].  

 
Figure 52. External fixator bridging an unstable distal 
radial fracture [4].  
 
There is one late finding which is said to be pathognomonic 
of pin tract infection. This has been termed the "ring" 
sequestrum sign, although the sequestrae thus formed 
actually are shaped like cylinders, rather than rings. The 
appearance of this finding is due to the particular geometry 
of a pin and pin tract, which are cylindrical in shape. As a 
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pin tract becomes infected, the bone immediately adjacent 
to the pin becomes infected first, and a certain amount of it 
dies. The viable bone adjacent to this infected dead bone 
then becomes hyperemic and becomes relatively 
osteopenic. The infected dead bone remains at its original 
density. Once the pin has been removed, if one looks 
directly down the pin tract with a radiograph, this cylinder 
of dead bone looks like a "ring". Occasionally, such a 
cylinder will be dense enough to also be seen when viewed 
at 90 degrees to the pin tract, and it presents as two parallel 
dense lines surrounded by lucent zones.  
 
Orthopaedic alloys 
 
Each manufacturer of artificial hip joints has developed one 
or more alloys to meet this requirement for different types 
of artificial joints he produces. New metal alloys appear 
continually on the market and the old alloys are 
withdrawn.    

Mechanical characteristics of orthopaedic alloys are 
shown below:              

 Characteristics S-Steel Cobalt-
Chrome 

Titanium  

Stiffness High Medium Low 

Strength Medium Medium High 

Corrosion 
Resistance Low Medium High 

Biocompatibility  Low Medium High 

 
Biocompatibility  
 
All modern alloys are well tolerated by bone tissue - in 
bulk form. The best tolerated is Titanium in pure form. For 
this extreme biocompatibility, pure Titanium is often used 
as porous coating for the surfaces of total hip prostheses.   

In dust form, as wear particles, all these alloys, even a pure 
Titanium, may, however, trigger osteolysis if they land in 
the tissues around the total hip prosthesis. Metallic wear 
particles in the soft tissues paint the tissues black, this is 
called metallosis. 

Metal allergy in patients with total joints 

The metallic alloys used for fabrication of artificial joints 
undergo corrosion and release metallic ions into the 
patient's body. 

Cobalt, Chromium, Nickel, but also relatively inert 
Titanium may evoke allergic immune response. The most 
often observed  form of this allergy  is skin  rash. 

The frequency of skin sensitivity to metals in patients with 
artificial joints is substantially higher than that in the 
general population [Hallab, 2001], metal sensitivity is 
shown below: 
 

METAL SENSITIVITY 

  Percent Metal Sensitive 

General population 10 % 

Patients with stable total 
joints 25 % 

Patients with loose total 
joints 

60 % 

 
It is clear that some patients have excessive skin rash 
reaction associated with implantation of orthopaedic metal 
alloys. In general, such metal sensitivity probably exists in 
only very few susceptible patients. 

At present, the risk to patients to develop such reaction 
after implantation of artificial joints may be considered 
minimal. 

The diagnosis of metal sensitivity is still difficult because 
of lack of reliable tests. 
Two questions arise:  
 
·  Is the sensitivity against metal one of the  causes of 

failure of total hip replacement?  
·  Can patients with known skin hypersensitivity against 

any of the "orthopaedic metals" (Chromium, Cobalt, 
and Nickel) have a successful total hip replacement 
operation?  

At this time, there is no evidence that there is an increased 
risk of a reaction to an implanted artificial joint  in patients 
who have skin  sensitivity [Hallab, 2001]. 
 
Statistics demonstrate that many patient with a positive 
cutaneous (skin) test against some of the "orthopaedic 
metals" have a well functioning  total hip prosthesis. Your 
surgeon, however, should be informed if you are allergic 
against any of these metals and he will also decide about 
the necessary preoperative tests and about the type of 
prosthesis. 
 
Fatigue fracture of total hip prosthesis 
 
The everyday life puts astounding demands on the 
materials of the total hip joint. For example, a sixty-year-
old patient who weighs 75 kilograms and will live further 
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17 years ( a quite common characteristics of a "normal" TH 
patient),  will expose the shaft of his total hip for thirty-four 
millions blows, each blow with a force of 200 kilograms if 
he goes slowly, and 600 kilograms if he is running.  
 
The shaft of the modern total hip prosthesis will sustain 
such large loads, if they occur occasionally; the shaft may  
fail, however, even for lower loads, if they occur very 
often. The metal alloy will succumb to the so- called 
fatigue failure and break. There is a limit, how much 
repetitive loads  the prosthesis will eventually sustain. This 
limit is specific for every form of the total hip prosthesis 
and for the metal alloy used for manufacture.  Above this 
limit, the prosthetic shaft will sustain the fatique fracture. 
All modern alloys used for manufacture of the total hip 
prosthesis are strong enough to resist fatigue fractures from 
these repeating stresses in average, not extremely heavy 
patients. There have been reported, however, very 
occasional cases of fatigue fractures of the modern 
prosthetic shafts. Closer examination of these cases 
revealed that the fractures occurred in heavy patients, often 
after an accident. The examination of the broken shafts 
often revealed metallurgical defects in the metal of   the 
shaft, such as scratches on the surface, defects that occured 
during casting, etc.   
 
Many manufactures have also developed bulky models of 
artificial joints with larger dimensions for heavy-weight 
patients. Usually patients >100kg body weight are 
considered heavy-weight. 
 
Stress shielding - a too stiff shaft.  
 
The prosthetic shaft takes off a part of the stress that 
walking and other everyday activities put on the upper part 
of the thigh bone holding the prosthesis. A too stiff shaft of 
a total hip prosthesis "stress shields" the upper part of the 
thigh bone to much. This is so because the alloys used for 
fabrication of the shaft are much stiffer than the skeleton of 
the thigh bone. The shielded bone does not thrive, loses its 
substance, and becomes weak. The total hip joint has weak 
anchorage in a weak skeleton and may fail. The remedy is a 
prosthetic shaft manufactured from metal alloys with 
stiffness similar to bone. Titanium alloy has the  lowest 
stiffness of all orthopaedic alloys and therefore shafts of 
cementless total hips are often made from Titanium alloys. 
On the other hand, the stiffness of the prosthetic shaft 
depends not only on the material but also on its shape. 
Changing the shape of the shaft changes also its stiffness. 
 
The latest technique for less stiff total joint prostheses is the 
Trabecular Metal Technology (JB A, Oct 2001, Implex 
technology, Zimmer). A metallic sponge made from 
Tungsten has about the same stiffness as bone. When a 
layer of the metallic sponge is placed on the surface of the 
total hip prosthesis, it will make a smooth transition from 
the stiff metal to the weak bone. The scientists hope that 
this technology will diminish the stress shielding effect of 
the too stiff total hip and knee prostheses. 

CONCLUSIONS 
 

Orthopedic fixations include screws, pins, plates etc. Here 
we have discussed have four materials: The stainless steel, 
Zirconia, Cobalt chrome and titanium.  
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GLOSSARY  
 
Amenable - Liable to be brought to account or punishment; 
answerable; responsible; accountable; as, amenable to law. 
 
Biomaterial - <pharmacology> Any nondrug material that 
can be used to treat, enhance, or replace any tissue, organ, 
or function in an organism. Also refers to biologically 
derived material that is used for its structural rather than its 
biological properties, for example, using collagen, the 
protein found in bone and connective tissues, as a cosmetic 
ingredient. Carbohydrates modified with biotechnological 
processes have been used as lubricants for biomedical 
applications or as bulking agents in food manufacture.  
 
Framework -  The work of framing, or the completed 
work; the frame or constructional part of anything; as, the 
framework of society. Work done in, or by means of, a 
frame or loom. 
 
Inertness - Want of activity or exertion; habitual 
indisposition to action or motion; sluggishness; apathy; 
insensibility. Absence of the power of self-motion; inertia. 
 
Orthopaedic fixation - The use of a special metal 
orthopaedic device (external fixator) to stabilise regions of 
bone. The majority of this special metal hardware is placed 
outside of the skin. 
 
Plates - A horizontal timber laid upon a wall, or upon 
corbels projecting from a wall, and supporting the ends of 
other timbers; also used specifically of the roof plate which 
supports the ends of the roof trusses or, in simple work, the 
feet of the rafters. 
 
Polish - To become smooth, as from friction; to receive a 
gloss; to take a smooth and glossy surface; as, steel 
polishes well. To make smooth and glossy, usually by 
friction; to burnish; to overspread with luster; as, to polish 
glass, marble, metals, etc. 
 
Restoration - The act of restoring or bringing back to a 
former place, station, or condition; the fact of being 
restored; renewal; reestablishment; as, the restoration of 
friendship between enemies; the restoration of peace after 
war. The state of being restored; recovery of health, 
strength, etc.; as, restoration from sickness. That which is 
restored or renewed. 
 
Screws - A cylinder, or a cylindrical perforation, having a 
continuous rib, called the thread, winding round it spirally 
at a constant inclination, so as to leave a continuous spiral 
groove between one turn and the next, -- used chiefly for 
producing, when revolved, motion or pressure in the 
direction of its axis, by the sliding of the threads of the 
cylinder in the grooves between the threads of the 
perforation adapted to it, the former being distinguished as 
the external, or male screw, or, more usually the screw; the 
latter as the internal, or female screw, or, more usually, the 
nut. 
Zirconium  - A rare element of the carbon-silicon group, 
intermediate between the metals and nonmetals, obtained 

from the mineral zircon as a dark sooty powder, or as a 
gray metallic crystalline substance. Symbol Zr. Atomic 
weight, 90.4. 
 
Biocompatibility - is the extent to which a material is 
compatible or friendly with the body. 
 
Static compression refers to the production of axial 
compression along cortical fractures with the potential 
advantages of more rigid fixation.  
The problem with this procedure is that it requires a longer 
surgical incision, and there is a possibility of refracture 
after the plates is removed, due to the atrophy that occurs 
beneath the plate 
 
Dynamic compression plate has screwholes with sloped 
sides that correspond to the lope of the under surface of the 
screw. As the screws are tightened, the screw head glides 
down the incline of the screw hole, toward the center of the 
plate. This procedure is used for treatment of comminuted 
and segmented fractures 
 
Biocompatibility - Referring to the degree of tissue or 
systemic reaction caused by a foreign material in the body. 

Fatigue Strength - The ability of a material to withstand 
cyclic stress. 

Fixation - The process of making an object hold firm or 
fast. 

Modulus of Elasticity - A measure of the ability of 
material to return to its original shape without any 
permanent deformation when stress is applied. 

Stress - A force or action placed on a surface or material. 

Tensile Strength -A measure of resistance to tensile stress.  
 
Tensile Stress -Stress generated by a force which tends to 
elongate or stretch a body or structure. 

Orthopaedic - The medical specialty involved in the 
preservation and restoration of function of the 
musculoskeletal system that includes treatment of spinal 
disorders and peripheral nerve lesions. 
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APPENDIX I: NUMERICAL EXERCISES 
 
1.  If a person mass is 20 kg and the diameter of the femur 
is 50 mm find the stress at the femur area for each leg. 

 
Solution: 
 
d = 50mm = 0.05 m 
m = 20 kg 
g = 9.81m/ s² 
 
w = mg 
w = 196.2 N 
 
The body is symmetrical, so for each leg we have w/2 as 
for the action on the bone.  
 
W/2 = 98.1 N 
Fa = 98.1 N 
Fb = 98.1 N 
d = 0.05m 
 
A = p/4 d² 
   = 0.00196 m² 
 
s = P/ A = 98.1/ 0.00196 
   = 50051Pa 
s = 50kPa 
 
 

2.  Find allowP  that a bone could resist if the ultimate 

stress for the bone is 120 MPa and its diameter is 40 mm  
and the factor of safety is 1. 

 
 
Solution: 
 
d = 0.04m 
 
 
 

ults = 120X10
6

 Pa in tension 

ults = 65X10
6

 Pa in shear 

 
For brittle material 
 

N
ult

allow

s
s = = 120X10

6
Pa 

( )areaP allowallow s=  

             = 120X10
6

(0.00126) 
             = 151 kPa  
 
 
3. For a person that has a mass of 30kg and has a fracture 
on the femur area. Determine the thickness of the plate that 
could the load of the person without exceeding the 

proportional limit for the plate. If the allows  for the plate 

is 350N and the long of the plate is 0.25m. 
 
Solution: 
 
w = mg = 30 * 9.81 = 294.3N 
 
Each femur could carry from w/ 2 to w. So for the analysis 
we use the entire load. 
   

Required area = load transmitted/ allows   

                      = 294.3/ 350 = 0.841 m² 
 
A = T(b) 
0.841 = T (0.25)  
T = 3.36m 
 
4. From Problem 2 calculate the angle of twist per unit 
length if the bone has a modulus of elasticity of 14 MPa 
and is applied a torque of 6000 N-m. 
 
 
Solution: 
 
q = T             Ip = Õd4 

     G Ip                   32  
 
 
=          (6000 N-m) 
    32(1.4 Mpa)(Õ)(40/1000)4 
 
 
=5°/m 
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APPENDIX II: FOOT, KNEE AND ANKLE FRACTURES. 
 

 
 

 

 

 

 

 

 
 

 
 
 
 
 

 
 


