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Outline
THA Prosthetic Parts

• Definitions
• Basic Science of Corrosion Production
• Head-Neck Junction Material Combinations

• CoCr-CoCr
• Ti-CoCr
• Ti-Ceramic

• Additional Influences on Taper Variability



Total Hip Arthroplasty Prostheses



Mechanism of Trunnionosis
• “Mechanically-Assisted Crevice Corrosion”  (Goldberg, Gilbert, 

Jacobs)
• Definitions:

• Corrosion - The gradual destruction of materials, usually metals, by chemical 
reaction with their environment.  Electrochemical oxidation reaction.  

• Crevice – space between two opposing surfaces where no contact is present 
and solution can reside (asperity-asperity contact)

• Fretting – a contact damage process resulting from micromotion of 
interfacing metals (Szolwinski and Farris).  Can damage the protective oxide 
layer in a crevice. 

• Passivation - the spontaneous formation of an ultrathin film (10 
nanometers), known as a passive film, on the metal's surface that act as a 
barrier to further oxidation 



Mechanically-Assisted Crevice Corrosion
• Mechanical fretting and wear

• Disrupts the thin, protective oxide layers that border the crevice environment

• Underlying metallic substrate is exposed by mechanical damage in vivo
• Re-passivation of the metal surfaces occurs

• Alters the voltage of the crevice environment
• Acidifies the fluid trapped in the crevice
• Electrochemical changes in crevice fluid interact with solution outside of 

crevice and potentiate corrosion reaction 
• “Complex interplay of metallurgical, chemical, electrical, and tribological factors”

Kurtz, et al. CORR. 2013



• 10 patients underwent revision for trunnion corrosion
• January 1, 2009 to August 31, 2011

• 1.8% of 569 revision THA’s performed at their institution
• Presented at a mean of 3.2 years after index procedure
• 8 women and 2 men with average age of 59.7 years





All 10 pts reported to have 
gross presence of corrosion 
material at head-neck taper





Revision Surgery Solution



• 8/10 patients revised to a ceramic head with a Titanium sleeve
• Theoretic concerns about ceramic head fracture on damaged taper
• Avoiding Cobalt alloy with any modular junction

• 1/10 Recurrent Instability



Conclusions
• Corrosion must be on the differential

• Painful Non-MoM THA

• Metal levels need to be investigated 
• Standard ESR/CRP, hip aspiration if necessary
• MARS MRI 
• Revision of taper interface

• Ti Sleeve with Ceramic head
• Longevity and resistance to corrosion?



Do Ceramic Femoral Heads Reduce Taper Fretting 
Corrosion in Hip Arthroplasty?  A Retrieval Study

• Kurtz SM, et al. CORR. 2013.
• Matched cohort study design

• 50 ceramic head-stem pairs
• 50 CoCr head-stem pairs
• Stems were matched between the cohorts with either proprietary titanium alloy 

TMZF (54%), Ti-6Al-4V (29%), or CoCr alloy (17%)

• 12-year ongoing retrieval collection from 12 clinical revision centers 
throughout US 

• Power analysis revealed sample size of 100 sufficient



Cohorts
• Cohorts matched for 

• Implantation time
• Flexural rigidity

• Shown to be significant in development of corrosion (Goldberg, et al. CORR. 2002)
• Lateral offset

• None revised for adverse local tissue reaction



Scoring for Fretting and Corrosion
• 4-point scoring technique

• 1 -- Fretting <10% surface and no corrosion damage
• 2 – Fretting >10% surface and/or corrosion confined to one or small areas
• 3 – Fretting >30% and/or aggressive local corrosion attack with corrosion debris
• 4 – Fretting over majority >50% with severe corrosion attack and abundant 

corrosion debris

• Scanning Electron Microscopy examination
• Clinical data

• Implantation time, age, sex, BMI, UCLA activity score, reason for revision



Results
• Fretting and corrosion scores were lower for the stems in the ceramic-

metal cohort
• Ceramic-metal

• Median score of 2
• Corrosion deposits outside head-neck junction 0/50 (0%)

• Metal-metal
• Median score of 3
• Corrosion deposits outside head-neck junction 3/50 (6%)



Significant Predictors of Corrosion
• Ceramic-Metal Taper Junctions

• Stem alloy, head material, and body weight
• Significant predictors of fretting and corrosion damage

• Implantation time, lateral offset, head size, type of ceramic
• Not significant
• However, underpowered (power <25%)

• Metal-Metal Taper Junctions
• None of the patient or device variables was a significant predictor of stem 

corrosion



Trunnion Surface Topography

• Machining topography of tapers highly variable
• Similar appearance throughout cohorts
• Corrosion score differences not attributed to surface topography



Mechanically Assisted Crevice Corrosion
• Ceramic femoral heads

• Only the metal male taper engaged in the oxide abrasion and repassivation 
process

• Less overall taper junction corrosion

• Conclusion
• Ceramic mitigates, but does not completely eliminate corrosion
• Taper designs varied

• All showed evidence of fretting and corrosion, as expected of a modular connection



Why doesn’t a clinically significant reaction occur 
in everyone?

• Impaction strength
• Increased force linearly increases taper strength (Rehmer, et al. Clin Biomech. 2012; 

Pennock, et al. JOA. 2002)
• Long Head-Neck extensions

• Neck length did not have any effect on fretting or corrosion scores (Goldberg, et al)
• Large head sizes, trunnion design

• Inconclusive (Mont, et al. J Orthopaed Traumatol. 2016)
• Surface Topography

• Increased fretting and corrosion in rough versus smooth tapers (Panagiotidou, et al.  
J Orthop Research. 2013)

• Contamination of the taper upon impaction
• Contamination increases variability of taper (Lavernia, et al. AJO. 2009)

• Patient biologic factors???



Thank You!

Ryan M. Palmer, DO
OrthoNeuro
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