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Introduction

Ç PMMA use started as early as 1960s

Ç Introduced by Sir John Charnley

Ç Used for fixation of endoprosthesis

Ç Bone cement most common non-metallic implant 

material

Ç IT IS NOT A GLUE



Mechanical Properties

ÅPoor tensile strength of 25 Mpa

ÅModerate shear strength of 40 Mpa

ÅStrongest in compression of 90 Mpa

ÅBrittle, notch sensitive

ÅLow Youngôs modulus of elasticity (E) =2400 Mpa

ÅViscoelastic



Working In Arthroplasty

ÇAllows secure fixation; implant to bone

ÇItôs not glue; no adhesive properties

ÇMechanical interlock; space filling

Ç Load transferring material (elastic buffer)



Composition

ÇTwo component system

ÇPolymer powder

ÇMonomer liquid ïMMA

Composition



Polymer Powder

ÅPMMA

ÅSpherical granules

ÅInitiator benzoyl peroxide (BPO) 1%

ÅRadio-opaque material (BaSO4 / ZrO2)





Polymerization process (Curing)

Ç.Mixing phase

Ç.. Waiting phase (Dough Time)

Çé  Working phase

Çé.   Hardening phase



Curing process time periods

ÅDough time: from mixing >> till it becomes non sticky

ÅSetting time: starts when surface temperature is half 

Maximum

ÅWorking time: difference between dough and setting time
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Setting phase
ïchain growth finished,

ïno movability,

ïcement hardened,

ïhigh temperature

Working phase
ïreduced movability,

ïincrease of viscosity

ïheat generation;

Waiting phase
ïcement less liquid,

ïless movable;

Mixing phase
ïwetting and polymerization,

ïcement relatively liquid (low viscous),

On the use of bone cements 

Four different phases are distinguished:
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Polymerization process (curing)

ÅCarbon-to-carbon double bonds broken

ÅNew carbon single bonds form

ÅLong-chain polymers

ÅLinear, free of cross-linking

ÅExothermic reaction

ÅVolume shrinkage (7%)





Factors affecting cement curing

ÇTemperature:

ÇIncreases in room temperature shorten both 

the dough and setting times by 5% per 

degree centigrade
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ISO 5833 requirement

..that a graphical representation of the effect  

of Temperature on the length of the phases 

in Cement curing, prepared from 

experimental data, on the particular brand of 

cement, be provided.



Mechanical Properties

ÇCreep

Ç Time-dependent deformation under    

constant load

ÇCreep rate reduces with time

Ç Load of daytime activities causes creep



Stress relaxation

ÇThe change in stress with time under constant strain 

caused by a change in the structure of the cement 

polymer

ÇAt night reduced load allows stress relaxation



Loading and stress 

relaxation



Cementing techniques

ÇFirst generation

ÇOriginal technique of Charnley:

ÇHand mixing of the cement

ÇFinger packing of cement in an unplugged and uncleaned

femoral canal and acetabulum

ÇNo cement restrictor, no cement gun and no reduction in 

porosity



Second generation

ÇFemoral canal plug

Ç Cement gun / retrograde 

filling

Ç Pulsatile lavage



Third generation

Å Pressurization of cement after insertion

Å Some form of cement porosity reduction 

(vacuum or centrifugation)

Å Surface changes to the implant



Universal agreement does not exist regarding the benefits

of porosity reduction via centrifugation or vacuum mixing. 

Though in vitro studies have identified the increase in 

fatigue strength with centrifugation or vacuum mixing, the 

clinical significance of porosity reduction was questioned in 

the face of surface irregularities.

Rimnac et al. suggested that the existing cracks and 

surface imperfections may supersede any benefits from 

porosity reduction    

Rimnac CM, Wright TM, megill DL. The effect of centrifugation on the fracture 

properties of acrylic bone cements J Bone Joint Surg. 1986;66:281-287

Davies JP, Oô Connor DO, Burke DW ,et al. The effect of centrifugation on the fatigue 

life of bone cement in the presence of surface irregularities. Clin Orthop. 1988; 299: 

156-161



29

Cementing technique should.. 

maintain a pressure 

above the bleeding pressure in the femoral canal,  

without leading to embolisation and 

cardiovascular instability.  

During Cementation



Types of Cements : Viscosity

Low viscosity: 

ïlong-lasting liquid

ïlong mixing phase, 

ïshort working phase

ÅHigh viscosity: 

ïshort mixing phase 

ïloose their stickiness quickly

ï longer working phase
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Low Viscosity Cements

ÅZimmer® Osteobond
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Medium Viscosity Cements

ÅDePuyÈ SmartSetÈ MV EnduranceÊ 

ÅSimplexÊ P.

ÅSimplexÊ P with Tobramycin

ÅSimplexÊ P SpeedSetÊ


