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QUESTION 8: 1s the mapping of biofilm to a particular component or anatomical location an
important consideration in management of implant related infections?

RESPONSE: At present, mapping of biofilms is only possible in the laboratory, not in the clinical setting. Therefore, it is of unknown clinical

importance in relation to management of implant-related infections.

LEVEL OF EVIDENCE: consensus

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

PRE-MEETING RATIONALE

Total joint replacement has become a vital tool for the treatment of
end-stage osteoarthritis of the knee and hip and has the potential
to substantially improve a patient’s quality of life when successful.
However, periprosthetic joint infection (PJI) is a dreaded complica-
tion of arthroplasty procedures that often results in expensive intra-
venous antibiotics, longer hospital stays and numerous negative
effects related to patient morbidity [1]. Occurring at a rate of around
0.5-2% across all primary total joint procedures, these PJlIs often
involve bacteria growing in a composite of cellular and extracellular
matrix material complex, known as biofilms [2,3]. The exact location
or predilection of biofilm growth on specific prosthetic compo-
nents or materials remains an important, albeit understudied, ques-
tion. There is no evidence in the literature that has mapped biofilm
formation to one specific material type or location or demonstrated
mapping’s importance in management of implant related infec-
tions.

Previous research examining the role of biofilms in PJI virulence
is primarily focused on detection methods, imaging modalities and
bacterial classification. While mapping to particular components is
not commonly a primary focus, some work has examined patterns
of bacterial formation that offer preliminary insight. Stoodley et al.
[4] have shown that colored fluorescent proteins can be expressed
to directly observe Pseudomonas aeruginosa biofilms on 316L stain-
less steel screws. Patchy development was noted on screw shafts and
between the threads of several screws, with no significant pattern of
development noted.

Confocal laser scanning microscopy has also been shown to
aid in biofilm visualization on implant materials and surrounding
tissue [5]; however, focused analysis does not exist regarding
mapping or preferential formation of the biofilm on specific
components or anatomic regions. Kobayashi et al. [6] and Nguyen
et al. [7] have demonstrated the utility of ultra-sonication in detec-
tion of biofilms in PJI cases, showing that brief exposure of one to
five minutes of infected components to ultra-sonication is effective
in detecting bacterial adherence. However, few components were
shown to harbor bacteria and those that did were not examined for
anatomic or component-specific variability. Preliminary work by
Goémez-Barrena et al. [8] showed no significant difference between
hip and knee components in harboring bacterial biofilm formation.
While this work focused primarily on the pathogenesis of various
microorganisms and only classified components as “hip” or “knee,”
the finding that component type did not affect adherence shows
primary indications that mapping biofilm formation may not be
important to the management of PJls. Existing research regarding
biofilm mapping is not complete and cannot definitely define the
importance of its practice. There is a need for additional work to
replicate preliminary experiments and directly study the location of
biofilm formation on orthopaedic components.

Another aspect of mapping to be considered is the material
composition of orthopaedic components and the possible varying
ability of such materials to harbor biofilm formation. Sheehan et al.
compared stainless steel and titanium components using isolated
strains of Staphylococcus aureus and Staphylococcus epidermidis in a
femoral intramedullary implantation model in rabbits [g]. This
study demonstrated higher levels of biofilm adherence to stainless
steel components within the first 48 hours. Both strains showed this
preferential growth, with higher levels of adherence reaching nearly
150% on stainless steel compared to titanium. Tuke et al. expanded
the analysis of implant failure to analyze the potential role of metal-
on-metal bearing surfaces [10]. A wear patch was noted to form on
retrieved failed devices, indicating a potential loosening of the
orthopaedic components and opportunity for colonization. These
studies demonstrate the possibility of material-specific variation in
biofilm formation that may allow for mapping. It appears possible
that specific components, due to their composition or anatomical
position, may be more susceptible to bacterial colonization with
strains associated with PJI. However, there is a lack of evidence
regarding materials commonly used in implant devices, with only
preliminary and speculative data suggesting variation that may lead
to improved surgical management.

Given the limited number of studies evaluating the location of
biofilms on specific components isolated from PJI patients, either
clinically or in the laboratory, we conclude that there is no strong
evidence that biofilm formation favors either a specific location
or material type in total joint arthroplasty. Anecdotally, it seems
intuitive that knowledge of biofilm location would aid in surgical
therapy, and a recent paper argues that an orthopaedic biofilm
disclosing solution used intraoperatively would be a useful surgical
tool [11]. However, the lack of evidence in the literature prevents the
conclusion that mapping biofilms to a particular component is of
clinical relevance.

REFERENCES

[1]  Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. N Engl |
Med. 2004;351:1645-1654. doi:10.1056/NEJMrao40181.

[2] Nistico L, Hall-Stoodley L, Stoodley P. Imaging bacteria and biofilms on
hardware and periprosthetic tissue in orthopegic infections. Methods Mol
Biol. 2014;1147:105-126. d0i:10.1007/978-1-4939-0467-9_8.

[3] ValourF, Trouillet-Assant S, Rasigade J-P, Lustig S, Chanard E, Meugnier H, et
al. Staphylococcus epidermidis in orthopedic device infections: the role of
bacterial internalization in human osteoblasts and biofilm formation. PLoS
ONE. 2013;8:€67240. doi:10.1371/journal.pone.o067240.

[4] Stoodley P, Kathju S, Hu FZ, Erdos G, Levenson JE, Mehta N, et al. Molec-
ular and imaging techniques for bacterial biofilms in joint arthro-
plasty infections: Clin Orthop Rel Res. 2005;437:31-40. doi:10.1097/01.
bl0.0000175129.83084.d5.

[5] Stoodley P, Nistico L, Johnson S, Lasko L-A, Baratz M, Gahlot V, et al. Direct
demonstration of viable Staphylococcus aureus biofilms in an infected
total joint arthroplasty. A case report. | Bone Joint Surg Am. 2008;90:1751-
1758. doi:10.2106/]B]S.G.00838.



972 Part XI

Biofilm

(6]

[7]

(8]

Kobayashi N, Bauer TW, Tuohy MJ, Fujishiro T, Procop GW. Brief ultra-
sonication improves detection of biofilm-formative bacteria around
a metal implant. Clin Orthop Relat Res. 2007;457:210-213. doi:10.1097/
BLO.obo13e3180312042.

Nguyen LL, Nelson CL, Saccente M, Smeltzer MS, Wassell DL, McLaren SG.
Detecting bacterial colonization of implanted orthopaedic devices by
ultrasonication. Clin Orthop Rel Res. 2002;403:29-37. d01:10.1097/00003086-
200210000-00006.

Gomez-Barrena E, Esteban |, Medel F, Molina-Manso D, Ortiz-Pérez A,
Cordero-Ampuero |, et al. Bacterial adherence to separated modular

[9]

[10]

(1]

components in joint prosthesis: a clinical study. ] Orthop Res. 2012;30:1634-
1639. doi:10.1002[jor.22114.

Sheehan E, McKenna ], Mulhall K], Marks P, McCormack D. Adhesion of
Staphylococcus to orthopaedic metals, an in vivo study. ] Orthop Res.
2004;22:39-43. d0i:10.1016[50736-0266(03)00152-9.

Tuke MA, Scott G, Roques A, Hu XQ, Taylor A. Design considerations and life
prediction of metal-on-metal bearings: the effect of clearance. | Bone Joint
Surg Am. 2008;90:134-141. d0i:10.2106/]BJS.H.00610.

Parry JA, Karau MJ, Kakar S, Hanssen AD, Patel R, Abdel MP. Disclosing agents
for the intraoperative identification of biofilms on orthopedic implants. |
Arthroplasty. 2017;32:2501-2504. doi:10.1016/j.arth.2017.03.010.



