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Abstract Soft tissue complications are among the most common reasons for revision surgery following transdermal, bone-
anchored osseointegration. While many orthopaedic surgeons are familiar and experienced with the use of intramedullary implants,
the soft tissuemanagement surrounding a percutaneous and permanent implant in continuity with the outside environment remains a
challenging problem. With this in mind, we present our rationale and a framework for soft tissue considerations in preparation for
bone-anchored osseointegration based on early experiences with most commercially available osseointegration systems.
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1. Introduction

Transdermal bone-anchored implants are being increasingly used
as a method to improve the function of patients with amputations
by altering the interface between prosthesis and residual limb. The
technique has the most benefit in patients who have experienced
challenges with conventional, socket-based prosthesis suspension
due to short residual limbs, recurrent soft tissue breakdown,
problematic heterotopic ossification, or socket-related residual
limb pain. Direct skeletal attachment enables increased prosthetic
use with faster and more efficient locomotion,1 improved
balance,2 proprioceptive feedback of the prosthetic limb (osseo-
perception),3 improved quality of life scores,4,5 easier prosthetic
fitting, donning and doffing,6 and increased range of motion and
comfort when sitting.7 Recent reviews of outcomes in patients
with transdermal, bone-anchored implants have highlighted these
functional benefits while also demonstrating an increasingly

favorable safety profile, as the frequency and severity of infection
has decreased with better implant designs, improved patient
selection and refinement of surgical techniques and soft tissue
management.8,9

Despite advances in technique and technology, a stable and
durable seal between the implant and surrounding soft tissue has
remained elusive. Transdermal bone-anchored implants are a
trade-off between improvements in function and quality of life
and a chronic wound at the interface between the percutaneous
metal abutment and the surrounding soft tissue. This interface has
been labelled the skin penetration site or stoma but is better
classified as a skin penetration aperture. The aperture is identified
as the most frequent site of complications following osseointegra-
tion but unfortunately, it is also the least well detailed or
understood in the published literature. Rates of soft tissue
complications vary depending on implant type, surgical and
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patient factors, as well as amputation level. Overall, rates of soft
tissue complications have been reported between 29% and 77%
for infections requiring antibiotics, and soft tissue complications
are the most common reason for revision surgery.10 Robust
studies of soft tissue outcomes in the literature are lacking, as
demonstrated by a 2018 systematic review by Atallah et al,11

where comprehensive soft tissue outcomes were reported in only
one of 12 studies that met criteria for analysis.

We aim to provide a conceptual framework to better un-
derstand the soft tissue considerations unique to transdermal
implants with the goal of better balancing the risks associated
with different surgical strategies and guiding the management of
complications that stem from implantation of a permanent,
percutaneous device. The proposed framework is extrapolated
from experience using the Osseoanchored Prosthesis for Re-
habilitation of Amputees (OPRA; Integrum AB, Göteborg,
Sweden) implant system, as well as case studies managing an
array of soft tissue complications arising from all types of
commercially available implants in over 100 limbs.

2. Implant Systems

There are currently three types of transdermal bone-anchored
implants available for clinical use: a long porous-coated stem
system, a compliant prestress compression system, and a
roughened, threaded implant. All implants achieve direct cortical
connection with the bone, allowing for osseointegration. The
long porous-coated stem implant systems include the Osseointe-
grated Prosthetic Limb (OPL; Permedica, Merate, Italy), Integral
Leg Prosthesis (ILP; Orthodynamic GmbH, Lübeck, Germany),
and OTN (BADAL; OTN Implants, Nijmegen, Netherlands).
Each implant consists of a fully porous-coated stem and typically
range in length from 150 to 180 mm. Long porous-coated stem
systems were traditionally placed in a two-stage process, but
recent evidence has demonstrated improved outcomes with a
single-stage use of these systems.12 The Compress system
(Zimmer Biomet, Warsaw, IN) uses compliant prestress com-
pression of 600–800 lbs to achieve osseointegration and requires
only 45 mm of residual bone. Both the long porous-coated stem
implant and Compress system have a broad distal end of the
implant that covers the end of cortical bone. Conversely, the
OPRA implant is the only threaded implant system (albeit
roughened and fenestrated, allowing for bony ongrowth and
ingrowth), and its intramedullary component is covered with
distal bone graft. The recommended use of bone grafting to cover
and protect the countersunk OPRA implant requires a two-stage
approach, with subsequent creation of the skin penetration
aperture and placement of the abutment typically three to
six months following implant placement and bone grafting. The
OPRA implant system is currently the only FDA approved
transdermal bone-anchored implant, obtaining premarket ap-
proval for patients with transfemoral amputations in 2020.

3. Implant-Based Soft Tissue Strategies

Placement of the OPRA implant is performed in two stages.
During the first stage, there is minimal soft tissue work specific to
implant placement, but a vertical thighplasty may be performed
to reduce the degree of global soft tissue motion present in the
residual limb. The first stage procedure aims to provide
vascularized coverage over the end of the implant to prevent
early infection and optimize incorporation of the bone graft. At
second stage surgery, a stable myoplasty is created using the

quadriceps and hamstring muscles with anchorage to the
periosteum around the distal bone. The fasciocutaneous tissue
of the residual limb is thinned to a sub-Scarpal layer and quilted to
the muscle platform to facilitate adherence between these layers.
The aperture site is selected, and the skin that will overlie the bone
surrounding the abutment is thinned to the level of the dermis to
encourage adherence to the bone (Fig. 1).

During implantation of a single stage, long porous-coated stem
system, the intramedullary implant and distal extension covers
the end of cortical bone, and the muscles are sutured to the distal
periosteum (Fig. 2). Management of the skin penetration site has
varied, but centering the skin penetration aperture within the
suture line of a fish-mouth incision at end of the residual limb has
been described. Frequently, a posteriorly based flap is used to
cover the implant, and a core of skin and fat is excised for the
abutment. More recently, authors advocate thinning this flap to
reduce the thickness of the soft tissues surrounding the abutment
to reduce irritation, excess motion, and drainage.

4. Discussion

The presence of a permanent, percutaneous implant in commu-
nicationwith the environment creates a novel soft tissue challenge
that has yet to be fully understood or optimally managed. The
experience and outcomes of osseointegrated implants used in the
head and neck (small implants penetrating thin, adherent, and
well vascularised tissue in a heavily colonized but permissive
microenvironment) are not comparable with the soft tissue
considerations of the residual limb. The larger transdermal
components used for direct skeletal attachment of extremity
prostheses must withstand considerably greater forces and reside
within a residual limb soft tissue envelope of varying thickness
and comparatively decreased vascularity. Furthermore, the large
degree of soft tissue motion present in the residual limb poses the
single greatest challenge to the health of the transdermal implant.
Relative motion between the fixed transdermal abutment and the
surrounding soft tissues has thwarted all efforts to achieve soft
tissue integration and drives the chronic inflammation and
infection that complicates our current surgical strategies.

Early implant designs attempted to achieve soft tissue in-
tegration to the implant with a roughened surface at the soft tissue
interface. These porous surfaces were thought to enhance cellular
ingrowth, but the interface could not withstand micromotion
between the soft tissues and abutment, causing the roughened
surface to act as an abrasive rather than an integrating surface.
The combination of large surface area and traumatic fluid
resulted in unacceptably high rates of wound infection with
unplanned reoperation rates secondary to infection occurring in
77% of patients.8 While preclinical research in soft tissue metal
integration is ongoing, these early devices are no longer in use (eg,
ITAP, Intraosseous Transcutaneous Amputation Prosthesis, UK)
or the design has been modified using smooth, nonabrasive
materials with a significant reduction in infection rates.8 This
problem of a roughened surface continues to cause infectious
complications in modern bone-anchored implants if distal bone
resorption results in exposure of the textured titanium (designed
for skeletal integration) to the soft tissue envelope. Given the
inability to achieve a durable soft tissue seal around the
percutaneous abutment, all existing bone-anchored implants rely
on a smooth metal-alloy soft tissue interface. While this smooth
interface minimizes trauma and decreases the surface area of the
percutaneous component, it necessitates the existence of a chronic
wound. As a result, efforts to achieve a seal through soft tissue
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integration have been entirely supplanted by surgical and
technological efforts to modulate the wound environment,
achieve and maintain symbiosis between the skin flora and the
device aperture, and decrease wound-related complications.

The soft tissue interface surrounding the percutaneous
abutment of an osseointegrated prosthesis is a chronic site of
inflammation. Relative motion between the rigid abutment and
surrounding soft tissue serves as an inflammatory stimulus that
drives increased drainage, formation of unstable granulation
tissue, and pain. When combined with unfavorable bacterial

species, this cascade contributes to a transition from chronic
colonization to active infection as discussed in greater detail in the
infection portion of this supplement.While there is consensus that
efforts are needed to minimize infection through modulation of
the wound microenvironment through novel dressings, topical
solutions, light-based therapies, and electrical stimulation,13,14

the role of relative motion as a driver for infection has been
variably acknowledged. As a result, surgical approaches to
manage the peri-abutment soft tissue range from extensive
thinning and devascularization to percutaneous implantation

Figure 1. OPRA implant system demonstrating the soft tissue surrounding the abutment thinned to the level of the dermis. This technique aims to minimize soft
tissue motion by promoting adherence of the skin to the bone surrounding the abutment.

Figure 2. A long porous-coated stem system without soft tissue thinning.
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with minimal soft tissue manipulation. In the absence of a
framework for understanding soft tissue considerations, surgical
management has been largely driven by dogma and distributed
through apprenticeship experience.

To address this gap, we introduce three key concepts and a
zone-based guide to understanding and altering the soft tissues of
the residual limb before, during, and after transdermal bone-
anchored implant surgery. This framework is derived from
experience managing complications stemming from numerous
clinically available implant systems. While the nature, frequency,
and severity of soft tissue complications will vary between
implant systems on account of implant-specific surgical tech-
niques, there are commonalities to the soft tissue behavior that
transcend implant type. Any comprehensive soft tissue strategy
must seek to balance three key factors: vascularity, relative
motion, and loss of containment. The importance of these factors
is most apparent in the transfemoral residual limb, where the soft
tissue envelope must accommodate a large degree of femoral
motion, excessive skin and adipose tissue, and the effects of
gravity as it alters distribution of tissue based on position.

4.1. Tissue Vascularity

Effectively manipulating the soft tissues of the residual limb
requires an understanding of the blood supply to these tissues.
Skin and superficial subcutaneous tissue are perfused through
discrete perforators that mostly exist in areas of fascial
attachment. This system enables extensive elevation and wide-
spread undermining of the soft tissues of the thigh with minimal
impact on tissue perfusion. Similarly, the superficial perfusion
pattern enables debulking of the sub-Scarpal fat without
compromising perfusion of the skin and subcutaneous tissue.
Further thinning is subject to length to width ratios that guide
design of all random pattern flaps perfused exclusively through
the subdermal plexus.

4.2. Relative Motion

Motion of the soft tissue envelope around the abutment causes
inflammation and drives hypergranulation tissue formation, even
when extensive efforts are undertaken to stabilize the soft tissue.
This motion and inflammation causes increased drainage and
exacerbate pain with ambulation. Furthermore, the motion exists
in both horizontal and vertical dimensions. Horizontal motion
can result in widening of the interface and facilitates increased
drainage, whereas vertical pistoning is often associated with
stenosis that temporarily traps fluid around the abutment and is
particularly painful if the tissues piston over the transition
between the dual cone implant and abutment in long porous-
coated stem systems.

4.3. Loss of Containment

The residual limb in patients with an amputation lacks the
normal distal muscular and fascial attachments for tissue
stability. Conventional socket-based prostheses compress and
contain the residual limb tissues within the liner and socket. In
a limb with a transdermal bone-anchored implant, the skin,
fat, and musculature are not contained and can have both
functional and cosmetic considerations. The movement of the
uncontained thigh during ambulation can cause pain, abra-
sions, and skin irritation rubbing on the contralateral thigh or
clothing, and soft tissue redundancy may interfere with the

prosthetic components. The unconstrained motion of the
proximal residual limb soft tissues often translates into
increased soft tissue motion at the distal interface around the
abutment. In patients treated with the OPRA system, failure to
address proximal soft tissue motion can cause loss of
adherence of previously well-fixed peri-aperture tissues.

5. A Zonal Approach to Soft Tissue Management in
Transdermal Bone-Anchored Implants

5.1. Zone of Maximal Motion

The soft tissue above the implant is mobile due to the loss of
containment. The adductor roll area is the main contributor to
this movement and is best addressed through vertical thighplasty.
Nonsurgical interventions include compressive/suspension
garments.

5.2. Zone of Transition

The area over the distal residual limb is a transition zone of
movement dampening the effect of proximal soft tissuemotion on
the behavior of the soft tissues adjacent to the implant. Efforts to
thin the skin flap and promote adherence to the underlying
platform serve to broaden the zone of transition and decrease the
magnitude of force and degree of excursion experienced at the
soft tissue interface with the abutment. The surgical management
of this zone is a delicate balance between maintaining vascularity
while minimizing motion.

5.3. Zone of Adherence

The surgical technique employed by the OPRA system aims to
eliminate motion at the interface with the abutment by adhering
skin to the underlying bone and muscle platform. Adherence
comes at the cost of increased risk of ischemia-related wound
healing complications. Tomitigate wound healing complications,
we have used skin grafts and dermal regenerative templates in
both the OPRA and long porous-coated stem systems to achieve
minimal soft tissue motion within the zone of adherence.
Although single-stage and two-stage surgical techniques vary by
device, all strategies for management of soft tissue about the skin
penetration aperture have converged on a “less is more”
approach.

6. Current Surgical Strategies

OPRA and long porous-coated stem systems represent two ends
of the spectrumbetweenmotion and vascularity, as represented in
Figure 3. The expected soft tissue complications are different
between these approaches with greater likelihood of wound
healing/ischemic complications with the OPRA implant system
and increased drainage and motion-related discomfort with long
porous-coated implants. Thinning of the skin flap just deep to
Scarpa’s fascia may limit the extent or severity of motion-related
complications while mitigating against wound complications
secondary to compromised flap vascularity. In both long-stem
and threaded transdermal bone-anchored systems, inflammation
can occur at the attachment created between the distal muscular
platform and periosteum that can cause pain with active
manipulation of the residual limb. This pain must be differenti-
ated from that attributable to infection or irritation of the
aperture, as strategies for management differ and must be
targeted to the etiology of the pain.15

4

Wordsworth et al. OTA International (2025) e370 www.otainternational.org

http://www.otainternational.org


Transdermal bone-anchored implant surgery is technically
straightforward but conceptually challenging. Some longstanding
dogma around exposed metalwork have been challenged by the
experience of the last 30 years in this patient cohort. The
technology of implants continues to develop, as do the surgical
and rehabilitative protocols, with corresponding decreases in
reported complications.16 The operative and perioperative care of
the patient is modest compared with the lifelong integrated care
the patient will require. As such, while surgical outcomes are
optimized through use of an integrated orthoplastic team
approach, it is imperative that the patient receive care by an
experienced and engaged rehabilitation, physical therapy, and
prosthetics team. Systematized soft tissue surveillance and
reporting and patient education is mandatory to manage the
aperture in the long term.

The ideal aperture will have minimal or no discharge, require
simple self-care, have a stable microbiome with minimal soft
tissue infections,17 and be able to tolerate the function and
environments that the patient demands. Early detection and
treatment of soft tissue complications that occur will minimize
both long term morbidity, risks of deep infection, implant loss,
and may decrease the potential for malignant change of the
chronic wound (a theoretical risk to date). If the soft tissue
challenges imposed by percutaneous osseointegration can be
effectively managed, the patient can fully realize the dramatic
functional benefits offered by direct skeletal attachment of
extremity prostheses.
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