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Consensus statement on the prevention, diagnosis,
and management of infection following
transcutaneous osseointegration for patients with
limb loss: current state-of-the-art and proposed
future studies
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Abstract The diagnosis, risk factors, treatment algorithms, and long-term sequelae of superficial and deep, implant-related
infections in transdermal, bone-anchored osseointegration are not well-defined. In contrast to the robust experience diagnosing and
managing periprosthetic joint infections in total joint arthroplasty, osseointegration surgery has only recently been adopted at a small
number of osseointegration centers in the United States, contributing to the lack of long-term outcomes. Through the pooled
experience from these osseointegration centers, we present a consensus statement on the perioperative management, incidence,
treatment, and diagnostic workup for infectious complications following transdermal, bone-anchored osseointegration.
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1. Introduction

Themost frequent postoperative concern for osseointegration is that
of infection. However, the assessment and management of patients
who demonstrate possible infection remains difficult, primarily
because it is often uncertain what actually defines an infection of the
osseointegration device or skin penetration aperture. Accordingly, it
is difficult to categorize andmanage a situation that is not reasonably
well defined and mutually agreed upon.

The goals of this consensus article are to provide a focused
summary of the relevant literature, offer insights and opinions

based on the experience of the authors, and propose strategies to
advance the prevention, diagnosis, and management of patients
with possible or overt infections of osseointegrated limbs.

2. Existing Literature

One of the most cited reviews of osseointegration was performed
by Hebert et al in 2017.1 They noted that among the 14 included
articles, infection and soft tissue irritation at the skin penetration
aperture (SPA) were the most common adverse situations, with
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rates ranging from 34% to 66%. The review further expressed
that iterative improvements to implants and, potentially, surgical
technique would likely lead to reduction in the infection
incidence. Given our evolving experience with and understanding
of skin–implant homeostasis at the aperture site, it is also possible
that this apparent decrease in infections could be attributed to
improved definitions. Branemark et al2 presented the first study of
a substantial number of patients describing infectious events for
transfemoral osseointegrated patients as part of a broad de-
scription of 51 patients. They stated that superficial infection was
far more common than deep infection, and all superficial
infections resolved with antibiotic treatment, mostly 10 days of
oral antibiotics. They alsowrote that of 4 patients whose implants
were removed, 1 was determined to be infected. In this early and
otherwise comprehensive article, the authors did not state what
criteria defined infection nor how superficial versus deep infection
was differentiated. Another early article that discussed infection
was by AlMuderis et al,3 who presented outcomes of 86 patients.
More attention was given to the determination of infection, as the
authors reported the clinical and radiographic findings that were
considered (with patient photographs provided for reference),
and a grading system was proposed (Table 1) centered around
extent of management required. A similar grading system was
proposed by others.4 Numerous other studies5–7 confirm the
theme of infection being the most common adverse event, with
decreasing frequency compared to earlier studies, with superficial
infections managed by oral antibiotics beingmuchmore common
than infection prompting surgery or implant removal. One
interesting study noted that although S. aureus is a common
colonizer of the skin-implant interface, the organism is rarely
associated with subsequent infection.8 Alam et al9 performed the
first investigation regarding algorithmic prediction of infection
(defined as positive cultures from deep surgical exposure) based
on the combination of clinical, laboratory, and culture data. The
most important finding of the study was that peri-implant limb
pain (highly correlated with infection), erythrocyte sedimentation
rate (ESR) . 30 (highly correlated against infection), positive
preoperative culture swab (moderately correlated with infection),
gross implant motion (moderately correlated against infection),
and erythema or cellulitis of the transcutaneous region (mildly
correlated with infection) were variables included in the best area
under the curve model, which achieved an 85% positive
predictive value; C-reactive protein (CRP) was not informative.

Various gram-negative species were the most commonly involved
organisms in this study. Furthermore, external swabs yielded false
negatives for 26% of patients with a deep infection, and
antibiotics directed against bacteria cultured from periportal
swabs would have been incorrect for 58% of patients.

2.1. Opinions regarding Osseointegration-Related Infection

During the 2022 and 2023 breakout sessions of the Global
Collaborative Conference on Osseointegration (GCCO), the
authors sought and recorded consensus on 4 key areas of focus
related to osseointegration-related infection: (1) managing in-
flammation and hygiene; (2) studies to characterize infection in
this unique population and guide treatment are needed; (3)
indications for explanation of the implant; and (4) recommenda-
tions for the diagnostic workup for infection in osseointegration
patients.

3. Consensus Opinions Regarding Osseointegration-
Related Infection

3.1. Consensus Statement 1:Managing Inflammation and the
Importance of Skin Penetration Aperture Hygiene

Our most important consensus opinion related to infection
prevention and management is avoiding increased inflammation,
and possibly subsequent or related infection, by performing daily
hygiene care (and not generally otherwise touching) the apertures.
The aperture is an unnatural body orifice, whereas our bodies
have many natural orifices. Relatively familiar examples are our
ears, eyes, nose, digestive, and genito-urinary orifices. These all
produce various types of discharge that must be provided a route
of egress and generally result in semisolid material such as eye
rheum or earwax. While not quite the same size of orifice, hair
follicles also produce discharge that requires cleaning and skin, in
general, will exfoliate into crevasses. One historic study noted
these discharges can build up between the implant and the bone or
living skin and cause obstruction leading problems such as
infection or implant loosening, which those authors called the
“wedge effect.”10 Cleaning the debris mitigated this problem.
Most people routinely clear these discharges from their orifices
casually and naturally throughout the day or in specific bathing
episodes. In effect, using a fluid such as water to aid mechanical
removal of thematerial is an informal irrigation and debridement.

Table 1
Infection grading.

Classification of Infection

Level of severity Symptoms and signs Treatment Grade

Low-grade soft tissue infection Cellulitis with signs of inflammation (redness,
swelling, warmth, stinging pain, pain that increases
on loading, tense)

Oral antibiotics
Parenteral antibiotics
Surgical intervention

1
1A
1B
1C

High-grade soft tissue infection Pus collection, purulent discharge, raised level of
C-reactive protein

Oral antibiotics
Parenteral antibiotics
Surgical intervention

2
2A
2B
2C

Bone infection Radiographic evidence of osteitis (periosteal bone
reaction), radiographic evidence of osteomyelitis
(sequestrum and involucrum)

Oral antibiotics
Parenteral antibiotics
Surgical intervention

3
3A
3B
3C

Implant failure Radiographic evidence of loosening Parenteral antibiotics, explantation 4

Reprinted with permission from Wolters Kluwer Health, Inc. Journal of Bone & Joint Surgery. Safety of osseointegrated implants for transfemoral amputees: a two-center prospective cohort study. Munjed Al
Muderis, Aditya Khemka, Sara J. Lord, et al. 2016;98(11).
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The SPA is a new, non-native orifice that our body did not evolve
to self-manage the way our mouth, ears, or other orifices
generally do successfully. In the experience of the authors, simple
hygiene principles seem to be highly associated with avoiding
infection, in particular frequent low-grade infections. Patients
must be very strongly counseled to not touch the aperture,
especially with their fingers. Our hands contact more of our
external environment than perhaps any other part of our body,
from everyday objects to more heavily colonized parts of our own
body such as our mouth, nose, and genital regions. Understand-
ably, many patients may have the impulse to fidget with their
external abutment, which is likely to transmit colonized
organisms and potential pathogens11 to the aperture which is
recently reconstructed and does not have a natural barrier to resist
microbial ingress. This transmission is likely even when hand
hygiene has been specifically attempted because the fingertips are
often missed.12 We therefore repeatedly and directly counsel our
patients to avoid touching the 2–3 cm surrounding their implant.
The singular exception is when performing SPA hygiene care,
which is the other portion of this consensus point.

Hygiene routines for the SPA should be performed once each
day as a routine, or more frequently when there is potentially
excess contamination such as when performing heavy labor,
swimming, or other similar high-exposure activities. Our
recommendation is to have patients take a regular shower (with
municipal water which is generally rather clean, not with well or
cistern water). They should perform a full regular shower such as
washing their hair and full body, all the while their hands and
fingers are exposed to shampoo and soap. At the conclusion of
their shower, with their hands in the cleanest state, they should
perform specific skin portal hygiene care. This comprises opening
a fresh, sterile gauze pad (not an open gauze pad from a stack or a
wash rag), lathering the sterile gauze pad with the shower water
and some gentle cleanser (ie, baby shampoo or soft soap), then
gently but thoroughlywiping the implant starting from the base at
the skin, circumferentially, and moving distal to the end of the
implant. We advise the patient to “wipe the implant as you wipe
your eyes” meaning you wipe all the eye rheum (eye crust), but
avoid digging into the eye itself. The patient should wipe the crust
from the osseointegration portal, but not dig under the skinwhich
is prone to excessively irritate the skin or internal granulation
tissue. The patient should then rinse the region and let it air dry
(rather than wiping with the towel that has wiped the entire
body). Patients may benefit from wrapping the implant with a
fresh sterile gauze roll to absorb drainage depending on their
regular amount of drainage and the anticipated near-term
activities. We explicitly caution against using more caustic
cleansers such as tea tree oil (Fig. 1), castile soap, carbonic soap,
or similar agents. It may be appropriate to use chlorhexidine or
even Dakin type solutions on rare occasions or during periods of
atypical exposure or irritation, but frequent use of these seems to
irritate the aperture and induce worsening inflammation or
infection, which often abates upon cessation of such products.

These 2 behaviors—daily hygiene care and not touching the
portal—are strongly recommended to help prevent infected-
appearing apertures.

3.2. Consensus Statement 2: Studies to Characterize
Infection and toDevelopAppropriate Treatments are Needed

The second consensus perspective the authors wish to express is
that the true rate of low-grade infection around the skin portal is
difficult to determine and is likely both over-reported and

overtreated with oral antibiotics. Indeed, the diagnosis of early
infection for osseointegrated patients remains exceptionally
uncertain. This is because the redness, warmth, swelling, pain,
and drainage of inflammation (which is a bodily response to
irritation such as a foreign body pulling on the skin) is also the
cardinal sign of cellulitis,13 which remains difficult to
determine—even in patients without an implant through their
skin.14 Indeed, the skin adjacent to the SPA remains in a higher
inflammatory state at baseline versus normal skin,15 but may tip
from inflammation to infection, similar to other skin piercings.16

Antibiotics will usually improve the appearance of the skin portal
because, in addition to antimicrobial action, many antibiotics
also have an anti-inflammatory function.17 Furthermore, the
presence of purulent drainage is often considered as proof of
microbial infection, but, in reality, pus is a heterogeneous
composition of immune-related cells and factors, which respond
both to infection and also noninfectious insults, such as
mechanical irritation.18 The presence of purulent drainage at an
osseointegration aperture may often not be an infection in the
absence of other signs and symptoms, and many patients have
some amount of this drainage at baseline. Based on the specific
osseointegration studies by Tillander8 and Alam,9 obtaining a
swab of the SPA or implant is as likely to yield a bacteria as any
surface of skin19 and is unlikely to help guide whether the patient
has an infection, let alone the actual dominant pathogen.9,19 This
does not mean that providing antibiotics to a patient that is
experiencing pain or drainage that is interfering with quality of
life is inappropriate.

The consensus statements are that there is not a recognized
reliable technique to correctly identify the inciting bacteria
possibly responsible for drainage, erythema, or even deep
infection. Obtaining external swabs of the skin, SPA, or implant
is recommended against. Providing antibiotics may indeed reduce
the signs and symptoms of cellulitis or inflammation, but be
mindful that their improvement following antibiotic therapy does
not prove an infection had been present. Recognize that any
antibiotic coverage is empirically based, as there is no strategy to
obtain reliable culture data.

3.3. Consensus Statement 3: Explantation of the Implant

The third consensus opinion the authors offer is that removing an
implant because of concern for infection should be considered
only after thorough efforts to address the infectious-type
symptoms have been thoroughly attempted. As repeatedly
expressed in the literature, the overwhelmingmajority of implants
that are considered to have infectious concerns do not need to be
removed. This is true even of implants that have had surgical
debridement, provided that the implant remains well-fixed.
Furthermore, removal of a well-fixed osseointegrated implant is
very difficult.20 The experience of the authors is that the infection
is usually successfully treated by antibiotics with or without
surgery and implant retention; if the infection persists but the
implant is neither compromised nor is the infection compromising
patient function or quality of life, antibiotic suppression, and
continued implant retention is reasonable and often successful.
However, if a patient strongly expresses the desire for the implant
to be removed, their right to autonomy should be considered;
likewise, we do not retain compromised implants or well-fixed
implants in the face of relentless, progressive infection. Instead, it
is our recommendation to provide counseling that infection-
related events are rarely catastrophic and can usually be managed
with various interventions short of formal device removal. Unlike
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arthroplasty implants which are sealed within the body,
osseointegration implants provide a route of egress and patients
rarely develop systemic symptoms even in the presence of deep
infections. Indeed, infection has not been found to be related to
patient mortality.21

The recommendation for managing apparent persistent in-
fection is to first reinforce hygiene principles, then consider a
course of oral or parenteral antibiotics. Consider an infectious
workup (described subsequently) and if there is a surgical target
such as an abscess or necrotic tissue then consider surgical
debridement. Implant removal should be contemplated only
when these measures fail and/or when the implant has been
mechanically compromised.

3.4. Consensus Statement 4: Recommendations for the
Diagnostic Workup for Infection

The fourth consensus recommendation regards the diagnostic
workup for potential infection. Beyond routine history, physical,
radiographs, and laboratory studies—consider advanced imag-
ing. We again emphasize that the external appearance of the SPA
is often not a reliable guide for care. We have seen deep infections
in the presence of healthy-appearing apertures, and some patients
with chronically irritated apertures never require antibiotics or
developworsening symptoms, let alone deep infection. A patient’s
skin aperture may be leaking, even with pus, but this is often not
associated with apparent bacterial infection and typically
improves with improved SPA hygiene. Although typical in-
fectious laboratory test results may be reasonable, the limited
current literature suggests they may not be informative9; there is
insufficient evidence to recommend against familiar laboratory
work such as ESR, CRP, and white blood cell count or other
potential markers for infection.

The second step after obtaining a history and performing a
physical exam, however, is to obtain orthogonal radiographs.
This can show receding bone or perhaps areas where bonemay be
undermined and lifted from the implant. Although this can
represent stress shielding, in the setting of persistent drainage, it
may be indicative of progressive inflammatory lysis of the bone
due to bacteria. The consensus of these authors, however, is that
the most informative diagnostic evaluation for infection is
magnetic resonance imaging (MRI). The authors typically
perform such studies without intravenous contrast, but it is

reasonable to consider contrast to improve visibility and
differentiation of potentially infected or necrotic tissue.22,23 All
osseointegration implants currently available for commercial or
custom use are made of titanium alloy, which is safe for MRI;
however, certain external sleeves and connectors are notMRI safe
and may need to be removed prior to MRI. A cobalt-chrome
implant that is no longer manufactured and of relatively low
circulation has not, to our knowledge, formally tested for MRI
safety (although this device may be MRI-compatible at the
expense of greater artifact). Although several other cobalt
implants have not caused problems,24 this implant has not been
directly studied in MRIs and we do not have experience with it. If
there is a target identified on MRI, such as an abscess or necrotic
region of bone or sinus tract, directed surgical intervention can be
performed (Fig. 2). Positron emission tomography (PET) has
demonstrated utility, as well, particularly for cases where MRI
information is inconclusive or patients cannot undergo MRI
scanning for other reasons.

Our consensus opinion is that the diagnostic process for
potential osseointegration-related infection is to solicit history,
perform a physical examination, and obtain orthogonal radiog-
raphy followed by laboratory evaluation of inflammatory
parameters. MRI or PET are often the most useful subsequent
diagnostic step(s).

4. Future State Consensus Targets

Our consensus opinion is that the most important topic related to
infection is the establishment of objective and quantitative criteria
to define active infection and the grading of said infections specific
to the osseointegration patient population. Toward that end, our
first proposal is to explicitly characterize infection among
osseointegration (OI) patients through a prospective observa-
tional study to capture and report on the variations in pre-
sentation, treatment, and outcomes. History and symptoms,
inflammatory markers, aperture swabs, and imaging captured
from all patients presenting with concern for infection would
provide valuable data that can guide the definition of infection in
OI and, importantly, also guide optimal prevention and
treatment. Explicitly studying the range of presentations in OI,
from study of the percentage of portal sites that appear potentially
infected but which resolve with only hygiene care (and not
antibiotic coverage), to those requiring operative treatment, will

Figure 1. This patient used tea tree oil for several weeks without informing the surgeon, in an effort to prevent infection. He complained of worsening pain and
presented with skin that was cracking, red, and tender. Upon recommendation, he returned to routine hygiene of baby shampoo, and his portal skin returned to a
more natural skin appearance within 2 weeks. The patient has remained fully active in a labor career and has not had any infectious concerns in over a year since.
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be an important step in developing care pathways and to develop
consensus regarding superficial and deep infection criteria.

Since this scenario of uncertain inflammation versus infection is
the most common adverse situation, with a very low risk of
leading to patient harm, this seems to be the most immediate
option to begin to study how to more confidently diagnose
superficial infection. Admittedly, some infections may resolve
without antibiotics via natural body processes, but an important
question, particularly for novice OI surgeons, would be
answered.

A next level of diagnostic exploration should be to compare
photographs of the skin penetration apertures with orthogonal
radiography and MRI without contrast or PET as a diagnostic
tool, before empiric antibiotics. The intent of this is to help
determine which scenarios may represent localized inflammation
versus cellulitis versus abscess or osteomyelitis. Other than an
apparent or overt sinus tract, clinical examination often provides
little evidence of what is occurring within the depths of the
residuum. Further complicatingmatters, the skin portal itself may
become or already serve as a sinus tract. As radiographic changes
are important, they are also late, so consideration of earlyMRI or
PET scanning may be indicated for suspicious cases.

Currently, few articles describe the criteria for superficial
infection, much less differentiating the apparent value of
symptoms such as loading pain, unloading (leg lifting) pain,
tenderness to palpation, change in presence of drainage odor,
or aperture features (such as size and morphology). In their
research to establish an algorithm to diagnose infection, Alam
et al9 differentiated peri-implant limb pain from other history
and examination features such as gross implant motion,
drainage, and erythema. At least in that study, gross implant
motion was more associated with noninfectious implant
loosening—a separate and theoretical conundrum in the field
of transcutaneous osseointegration. A broader differential for
either loading or unloading pain is includes aperture pain or
inflammation, infection, noninfectious inflammatory loosen-
ing, infectious loosening, stress fractures, implant fracture, and
enthesopathy, in addition to potential neurogenic and less
frequent causes. As patient volume and overall experience with
osseointegration increases, we hope that specific attention to,
and documentation, of signs and symptoms may improve our

clinical acumen in determining the root cause(s) of each
patient’s symptoms.

The final consensus recommendation regarding infection is to
better understand the hygiene routines of patients. This article has
placed a very high emphasis on SPA hygiene care, as it is the
opinion of the authors that this is the most important post-
operative and patient-controllable factor to prevent infection
(althoughwe believe that surgically achieving a stable SPAmay be
more important), but this issue remains controversial even for
patients with short-term external fixators. We acknowledge that
we do not have explicit data to support this opinion. For that
matter, we have little evidence that superficial infections are
directly correlated and linked to, or represent risk factors for,
deep infections; it is merely intuitively inferred to be so. Like any
habit, deviations occur either intentionally or unintentionally,
such as patients forgetting to perform their hygiene care or
performing the care with different cleansers or frequency. It is
difficult to assess compliance, but it is nonetheless important to
directly challenge even seemingly intuitive assumptions. We are
aware that some of our patients who have done verywell have not
strictly followed our hygiene recommendations. On the other
hand, some patients who report high compliance nonetheless
struggle with recurrent drainage. Therefore, we encourage
clinicians to attempt to explicitly study the hygiene habits of
their patients to determine general best practices. Some ways this
may be done include asking at office visits, scheduled phone calls,
or perhaps by providing supplies and requesting patients contact
the clinician when a supply refill is needed. Just as important as
diagnosing and managing infection might be determining
strategies to prevent its possible development in the first place.

Appendix 1. Collaborators

Global Collaborative Congress on Osseointegration (GCCO):
Joseph R. Hsu1, Rachel B. Seymour1, Danielle Melton2, Bailey
Fearing1, Leah Gitajn3, Jason Souza4, Jason Stoneback5, Amber
Stanley1, Meghan K. Wally1, Josh Wenke6. 1Department of
Orthopaedic Surgery, Atrium Health Musculoskeletal Institute,
Charlotte, NC; 2University of Colorado School of Medicine,
Aurora, CO; 3Dartmouth Health, Lebanon, NH; 4Departments
of Plastic and Reconstructive Surgery&Orthopedic Surgery, The

Figure 2.Clinical photograph andMRI left tibia of a patient with sinus tract that was identified as a periosteal abscess, not an implant-threatening infection. This was
managed with debridement with implant retention and a course of parenteral antibiotics. The patient remains highly ambulatory and has not had another infectious
episode in over 3 years since.
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Ohio State University Wexner Medical Center, Columbus, OH;
5Department of Orthopedics, University of Colorado Anschutz
Medical Campus, Aurora, CO; 6University of Texas Medical
Branch, Shriners Hospitals for Children, Galveston, TX.
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