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Opinion 
There is evidence that microbes including bacteria and 

macrophages are associated with in the presence biomedical 
alloys implants for orthopedic procedures [1-4]. The corrosion 
of metal alloys (A316L Surgical stainless steel; ASTM F136 ELI 
Ti6Al4V; ASTM F75/F1537/F799 CoCrMoC) in-vivo has also 
been well documented [5-8]. Proprionibacterium acnes as well as 
Staphylococcus Epidermis are considered sulfur reducing bacteria 
in the petroleum industry and have been found in petroleum 
stockpiles and pipelines [9,10]. These bacteria are associated with 
pipeline corrosion in oil fields and refineries [9]. In our own clinical 
experiences, we have noted a large number of spine metallosis 
cases and believe that the corrosion of implants and surgical site 
infections with P. acnes bacteria, or other sulfur reducing bacteria, 
are intimately connected in revisions and clinical infections. In our 
practice we observed an association between infection and implant 
corrosion leading to the initiation of a study examining revision 
of spinal instrumentation and patient outcomes. In patients who 
underwent spine instrumentation revision, who had grey or black 
stained tissues taken for culture in the OR and subsequent to the 
revision, we found 4 of 10 having P. acnes and Staph. epidermis 
present as a latent infection. A few patients showed clinical signs 
of infection, requiring subsequent drains and wash-out to clear 
all presence of bacteria. As early as 1999, P. acnes and Staph spp. 
were shown to be associated with orthopedic infections, where it 
was detected in 63% of sonicated samples taken from 120 patients 
receiving total hip revision [4]. As recently as 2016, P. acnes were 
highlighted as a possible contributor to post operative infections 
in orthopedic procedures [1]. These commensal skin dwelling 
microbes are anaerobic, sulfur reducing bacteria [11-13]. P. acnes, 
Staph. aureus and epidermis have been isolated as biofilm forming 
bacteria in orthopedics as well [3].

What this suggests is the presence of the implant provides a 
suitable substrate upon which the bacteria can colonize leading 
to latent infection. Additionally, the bacteria utilize the elements 
present in the instrumentation to sustain their metabolism while 
corroding the alloys. The presence of sulfur reducing bacteria and  

 
their biofilm formation on metals has been extensively studied in 
the petroleum industry. As noted, these bacteria are also found 
in other environments beyond our skin. Zhu et al. [9] identified 
Propionibacterium sp. strain V07/12348 and Propionibacterium 
sp. strain WJ6 and even E. coli in natural gas pipelines. Yoshida 
et al. [10] indentified P. acnes in crude oil samples in Japanese 
stockpiles as well as Staph sp. The crude tested included supplies 
from Arabia and Russia. The presence of Proprionibacterium sp. 
and staphylococci sp. would not be unexpected given the sulfur 
content of these supplies are 1-2wt%. Conversely, sulfur reducing 
bacteria have been shown to be capable of residing upon and 
attacking titanium [14], as well as carbon steels [15]. This attack 
takes the form of acids such as H2S and proprionic acid created as 
the bacteria utilize sulfate, nitrate, nitrite, carbon dioxide, Fe3+, 
Mn4+, Cr6+, and other metal ions or bacterial waste products as 
electron acceptors for metabolism [16].

Thus, given the ubiquitous nature of these bacteria on the skin 
and deep dermal layers it is not surprising that latent infections 
can occur when implanted metal instrumentation is utilized 
in orthopedic procedures given they provide both a scaffold in 
the form of a place for biofilm to form and nutrients. Current 
explanations pertaining to the corrosion of spine biomedical alloys 
are focused upon galvanic/pitting/crevice, fretting corrosion. 
Galvanic corrosion of biomedical alloys, specifically Ti6Al4V (ASTM 
F-136ELI) and CoCrMoC (ASTM F75 and ASTM F1537) is not a 
real concern in modular constructs where theses two alloys are 
in intimate contact [5,6]. This is a well-studied phenomenon in 
spine instrumentation where the mixing of alloys is common, e.g. 
Ti6Al4V pedicle screw with a CoCrMoC tulip and an interlocking 
Ti6Al4V or CoCrMoC spine rod [17]. In galvanic corrosion, there 
are no apparent reactive pathways between Ti6Al4V and CoCrMoC. 
Similar to what is concluded n references 5 and 6, the risk of 
galvanic corrosion in our experience is minimal based on the very 
close electronegative nature of the base alloy elements. Therefore, 
corrosion in instrumentation must be beyond galvanic corrosion. It 
has been our experience, that the corrosion coupling of Ti6Al4V and 
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CoCrMoC alloys is predominantly a wear function where fretting 
between parts continuously exposes pristine substrate alloy to the 
surrounding body fluids (electrolyte), called tribocorrosion [7]. 
In previous cases, we have observed the presence of particles or 
elements present on opposing surfaces present on all components, 
however, this phenomenon only appears to occur where fretting 
occurs. No intermetallic particles, suggesting some form of galvanic 
process are present.

All particles observed are oxides, CrxOy, TiOx, VO, MoO, and 
alumina based on EDS analysis. The physicochemical properties of 
the category 6 transition metals, Cr, Mo, W, do not allow them to 
easily form any intermetallics with Ti, Al, or V at low temperatures 
[18]. The base elements, Co and Ti, are soluble together and can 
form a compound through the use of arcmelting. Therefore, if one 
is to consider galvanic corrosion between these two alloys, the 
primary consideration must be the half-cell reaction releasing 
metal ions from oxides on either the Ti6Al4V or CoCrMoC surfaces 
as well as the electro-potential of the pure metal themselves. It is 
these released metal ions that act as positive charge carriers in 
the electrolyte. Both oxides are very stable. For example the major 
oxide Cr2O3 (the only stable form of chromium oxide in air at room 
temperature) has no reaction for its reduction in the body as that 
it is done under high temperatures (>1200°C), pressures, or in 
aluminothermic reactions, e.g. explosive/combustion reactions. 
From our ongoing research the most likely explanation for the 
corrosion of alloys in spine is fretting wear and microbial induced 
corrosion. Each has sufficient energy to disrupt the passive oxides 
presence, allowing for corrosion of the substrate metals. Infection 
of comensual organisms is reasonable as these alloys provide a 
surface for protective biofilm formation and nutrients for bacterial 
growth.
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