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Abstract
Purpose of Review Periprosthetic fractures (PPF) of the lower extremity are increasing as the population ages, as the number of
joint replacement increases, and patients remain active. The management of PPFs is challenging because of implant and cement
obstruction within the bone, poor bone quality, and limited availability of bone stock for screw purchase. Historically, they have
been associatedwith high rates of nonunion, infection, and fixation failure.Minimally invasive osteosynthesis (MIO) has reduced
complications and improved union rates compared to conventional open plating of fractures. This paper reviews the principles of
treatment, implant choices, and technical challenges of MIO for PPF in the lower extremity.
Recent Findings In recent series, PPF for the lower extremity has shown reduced complication rates, improved union, and early
mobilization compared prior open treatment.
Summary MIO for PPF is technically challenging but promising method of treatment for PPF.

Keywords Minimally invasive . Periprosthetic fractures . Geriatric fractures

Introduction

The rate of total joint arthroplasty is growing, and by 2030, it
is estimated that the number of primary total hip arthroplasty
(THA) in America will grow by 174% to an annual rate of
572,000 procedures per year, while total knee arthroplasty
(TKA) will grow by 673% to 3.48 million procedures per
year [1]. Not surprisingly, the incidence of periprosthetic frac-
tures (PPFs) has also been increasing in the past several de-
cades and will inevitably rise as the number of joint replace-
ments increases [2].

The incidence of periprosthetic fracture after THA is esti-
mated to be 1% for primary THA and 4% after revision THA
[3], while the estimated incidence of fracture after knee
arthroplasty is up to 5% after primary TKA, and up to 30%
for revision TKA [4–6]. Most frequently, PPFs occur in the
femur for both THA and TKA; however, they can also occur

around the tibial component in 0.1–0.4% of TKA, particularly
in revision cases [3, 5]. Because of implant and cement ob-
struction within the bone, poor bone quality, and limited avail-
ability of bone stock for screw purchase, management of PPFs
can be particularly challenging and requires a careful ap-
proach to evaluate implant integrity, patient comorbidities,
and fixation options [7, 8].

Classification

The most commonly used method for describing PPF is the
Vancouver classification for fractures around a femoral stem
(Table 1) [9]. This system is based on three main components:
the fracture location, stability of the stem, and quality of the
femoral bone stock around the stem. It has substantial inter- and
intra-observer reliability [10]. For type B1 and type C fractures,
where the stem is stable, internal fixation is the treatment of
choice. For types B2 and B3, where the stem is loose, internal
fixation is combined with revision of the prosthesis to a longer
stem with either a press-fit or cemented implant.

Given the complex nature of these injuries, it is critical that
the surgeon evaluate the integrity of the stem-bone interface for
signs of loosening such as continuous lucency around the stem-
bone, cement-bone, or stem-cement interface. A fracture around
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a cement mantle without lucency and no prior history of func-
tional thigh pain is usually stable in the setting of acute fracture
[11]. If there is any concern intra-operatively, the surgeon can
perform an arthrotomy at the time of fixation, dislocate the hip,
and directly assess the stability of the implant. In virtually all
cases of PPF, revision instruments and implants should be avail-
able at the time of surgery. It is critical that the surgeon is pre-
pared for any of these possible outcomes as the radiographic
findings do not always correlate with implant stability.

Other classification schemes for PPF include the Rorabeck
classification for PPF for femur fractures above a TKA [12],
the Felix classification system for PPF around tibial implants,
and the AO/OTA-based Unified Classification System for
Periprosthetic Fractures (UCPF) which has been proposed
for use in all extremities [13–15]. All of these classifications
emphasize the importance of the location of the fracture rela-
tive to the implant and the stability of the implant itself to aid
with management decisions.

Evolution of Treatment

Early treatment of patients with PPFs consisted of balanced
traction and prolonged immobilization followed by revision
arthroplasty which often yielded poor results [7]. Early case
series describing operative management of these injuries were
primarily concerned with fractures around a hip stem and in-
clude a mixture techniques. These include open reduction inter-
nal fixation with allografts, cerclage wiring, or isolated screws,
or internal fixation combined with revision to a longer stemmed
prosthesis in cases where the stem was unstable [16–20]. While
this allowed earlier mobilization than nonoperatively treated
PPF, surgeons reported high rates of nonunion, infection, and
poor functional outcome in 30–50% of cases, which was similar
to patients treated nonoperatively [20, 21].

Johansson et al. reported the results of dynamic compression
plating with lag screws in PPF around cemented hip stems and
discussed risk factors for fixation failure. In their series, 37
patients, operatively treated patients, had unsatisfactory results

in 56% of cases compared with 80% in those treated
nonoperatively. They concluded that ORIF of an unstable frac-
ture with a long stemmed prosthesis provided the best results
and emphasized that internal fixation implants should extend
beyond the tip of the stem to avoid a stress riser [22]. Other
authors also found that rigid plate fixation could produce better
outcomes than non-operative treatment or revision arthroplasty
alone [23]. Nonetheless, complications remained high with
rates of implant loosening and infection up to 20% [24].

Serocki et al. were the first to specifically discuss AO/ASIF
techniques using broad compression plates to create long fix-
ation constructs and achieve rigid fixation in PPF with stable
implants. They reported a union rate of 90% with the majority
of their patients reaching pre-injury functional outcomes.
However, they were raised the concern that screws placed
around cemented stems could compromise the cement mantle
and stem stability [25]. Additional studies utilizing AO/ASIF
techniques with or without cortical strut allograft achieved
high rates of union and favorable functional outcomes either
in isolation or as a supplement to revision to a longer stem [26,
27]. Sen et al. described the use of a long limited-contact
dynamic compression plate (LC-DCP) with trochanteric fixa-
tion with wires or unicortical screws to achieve a greater than
80% union rate around stable hip stems. In this series, all
patients were treated with open reduction, and the authors
emphasized the importance of adequately spanning the frac-
ture with long fixation both proximally into the trochanter and
distally with at least 4 or 5 cortical screws. They also empha-
sized the importance of minimizing soft tissue stripping to
preserve blood supply to the fracture [28]. Subsequent biome-
chanical studies evaluating single versus double plating or
strut allografting with shorter constructs concluded that
biplanar fixation with allograft provided the best rotational
and bending support for Vancouver B1 type fractures.
However, the authors raised concerns that the excessive
amount of soft-tissue stripping required for 90 degree fixation
could impede healing [29–31].

Minimally Invasive Osteosynthesis

The goal of internal fixation is to achieve a balanced fixation
construct with minimal injury to the soft tissues to achieve
fracture union and early functional rehabilitation [32].
Minimally invasive osteosynthesis (MIO) is a concept of bio-
logically respectful internal fixation to achieve these goals via
indirect reduction, preservation of the fracture hematoma and
periosteum, and limited exposures [33, 34]. The ideal implant
to achieve this in lower extremity long bone fractures is the
intramedullary nail; however, the presence of a canal-
occluding implant such as a hip stem or posterior-stabilized
TKA femoral component necessitates plate fixation. In both
the tibia and the femur, the development of indirect reduction

Table 1 Vancouver classification for periprosthetic fractures around hip
arthroplasty

Type Description

A Fracture of the greater trochanter (AG)
or lesser trochanter (AL)

B1 Fracture around or just below a well-fixed stem

B2 Fracture around or just below a loose stem
with adequate bone stock for fixation

B3 Fracture around or just below a loose stem
with inadequate bone stock for fixation

C Fracture well below the prosthesis
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techniques, submuscular plating, and percutaneous instrumen-
tation have shown less impact on fracture vascularity, fewer
soft-tissue complications, and improved union rates compared
to conventional open plating [35–47]. Furthermore, the devel-
opment of locking screws in conjunction with submuscular
plates allows for the creation of a “internal external fixator”
which achieves a long working length to span the fracture,
stable fixation with both bending and rotational control, and
short segment fixation in soft bone. The use of rigid
unicortical screws avoids compromising the cement mantle
with better preservation of the soft tissues [48]. However,
these techniques are often technically challenging as the re-
duction and implant fixation often occur simultaneously and
require a skilled assistant with heavy use of fluoroscopy [49].

Femur Fractures Around a Hip Stem

Ricci et al. reported the first large series of periprosthetic fe-
mur fractures treated with MIO techniques. Their cohort in-
cluded fractures of the femur with an occluded femoral canal
(i.e., THA, stemmed TKA, or prior intramedullary device).
All patients were treated with indirect reduction and percuta-
neous submuscular placement of a locking 4.5 mm broad LC-
DCP (Synthes; Paoli, PA) through the distal lateral knee and
proximal lateral thigh incisions with care taken to maintain a
skin bridge over the fracture site itself to respect the fracture
hematoma and sof t t i ssues . Cables were passed
extraperiosteally around the implant-zone of the femur with
a minimum of six screw holes and fixation into the greater
trochanter using screws [50•]. They also recommended long
plates that end beyond the stem to prevent a stress riser, even
going as far to suggest that surgeons should consider spanning
the entire length of the femur in osteoporotic patients, espe-
cially those patients with ipsilateral TKA and THA. Patients
were allowed toe-touch weight bearing after surgery. All frac-
tures united at an average of 3 months with only one acute
infection and no loss of alignment. The authors attributed their
success rate to preservation of the soft tissue envelope around
the fracture [51].

Anatomically contoured femoral locking plates have also
been increasingly utilized in the management of both
Vancover B1 and C type fractures. Ehlinger et al. described
the benefits and challenges of the anatomically contoured na-
ture of the less invasive skeletal stabilization plate (LISS;
Synthes, USA, Paoli, PA) to assist with reduction of
Vancouver C and B1 fractures at the tip of a hip stem [52].
In their subsequent clinical series of 37 patients, 36 achieved
union, 2 developed an infection, and 3 developed mechanical
complications. One resulted from failure to recognize a loose
hip stem, one resulted from a malreduction and inadequate
fixation, and the last from a high concentration of locking
screws at the fracture site [53]. Additional series using both

the LISS plate and the non-contact bridging plate-distal femur
(NCB-DF; Zimmer Inc., Warsaw, IN) have shown similarly
high union and low infection rates [54, 55•, 56].

Femur Fractures Above A TKA

Supracondylar femoral fractures above a well-fixed posterior
stabilized (PS) TKA can often be approached in the same
manner as a distal femur fracture without an implant. The goal
is to restore appropriate length, rotation, and alignment indi-
rectly with skeletal traction, well-placed bumps, or even “joy-
stick” schanz pins for more direct control of the distal frag-
ment. Temporary external fixation or the femoral distractor
can also be utilized to achieve adequate length, alignment,
and rotation provisionally. The submuscular plate through a
relatively small distal window followed by percutaneous in-
sertion of diaphyseal screws (Fig. 1). It is important to avoid
malrotation of the distal segment and malalignment of the
plate on the bone [57]. Plates that allow for variable angle
locking screw insertion and very distal placement of the plate,
essentially against the prosthesis, may improve screw pur-
chase in the short distal metaphyseal peri-implant fragment
[55•, 57]. The majority of modern peri-articular locking plates
are precontoured to assist with placement and reduction; how-
ever, variations in arthroplasty implant placement and prior
bone cuts may have altered the patient’s native anatomy, and
over-reliance on the plate contour for reduction may lead to
malreductions or improper plate placement. Additionally, care
must be taken to assess screw options in the distal fragment as
the prosthesis may limit the options for screw placement.
Knowledge of implant options and appropriate preoperative
planning is critical to a successful outcome andmay determine
if the patient is even a candidate for fracture fixation.

Cruciate-retaining (CR) TKA may permit retrograde
intramedullary nailing of PPF above a TKA as the femoral
canal is not completely occluded by the implant. Despite this
benefit, however, the box is often more posterior than the
standard start site for a retrograde femoral nail which could
result in a hyperextension or translation deformity. One can
consider utilizing a bending iron to bend the distal aspect of
the femoral nail to prevent the deformity. Additionally, the
opening may not be large enough to accommodate an appro-
priately sized nail. For that reason, a detailed understanding of
the femoral component specifications is crucial [58]. Some
surgeons have described widening or even creation of the
opening with metal-cutting tools at the expense of a large
amount of metal debris [59]. Similarly, some have described
cutting of the nail to move the interlocking screws more dis-
tally and maximize distal screw purchase [60].

In addition to the technical challenges related to the pros-
thesis, nailing of supracondylar fractures above a CR TKA is
subject to the same difficulties with nailing very distal femur
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fractures. The wide metaphyseal fragment and poor bone
quality may predispose the fracture to malalignment as the
nail cannot be used as a reduction tool, and techniques such
as blocking screws or joysticks may be required [61].
Furthermore, because of scarring of the fat pad, inferior loca-
tion of the open box, and concern over metal debris from
reaming through the box, retrograde nailing of a fracture
above a CR TKA may be difficult with a small percutaneous
incision at the patella and require an open approach to the
notch via a medial parapatellar approach.

Bong et al. studied the biomechanical characteristics of the
LISS plate and supracondylar nail for these fractures and found
that while the LISS plate resisted valgus forces well, the nail
ultimately had less fracture displacement to varus, medial trans-
lation, torsional, and sagittal loading [62]. In contrast,
Althausen et al. found greater varus displacement in patients
treated with supracondylar nails compared to LISS plating in a
small clinical series of 12 patients, though all patients achieved
union [63]. Ricci et al. reported on the clinical outcome of 53
patients who underwent locked platting above a well-fixed
TKA and found that 75% of patients were able to achieve
successful union [56]. Gliatis et al. described a small series of
10 fractures in 9 patients with supracondylar femur fractures
above a stable posterior-cruciate retaining TKA treated with a
retrograde nail. Of these, one patient had a malunion of 35° of
valgus which was revised to a stemmed TKA, while the re-
maining nine fractures healed uneventfully within 12 weeks
[64]. As such, while there is a paucity of reported clinical com-
parisons, both techniques appear to yield promising results pro-
vided that the technical challenges are appropriately addressed.

Tibial Plating

Tibial fractures below a TKA are less common than femur
fractures and present some unique challenges. While the sur-
geon should still approach these injuries with the same me-
thodical decision making regarding fracture location, stem
fixation, and bone quality, the tibia has the added complexity
of delicate skin and a less tolerant soft-tissue envelope. The
tissues may not tolerate large exposures or multiple incisions
on the medial side of the tibia, particularly older patients with
dermal atrophy.

In a well-fixed tibial component where the fracture is very
near or around the stem, the use of MIO techniques is very
similar to those used in complex tibial fracture [47, 65].
Restoration of alignment is paramount to any fixation tech-
nique. This may be achieved manual traction, judicious use of
bumps, external fixation, or large femoral distractor [66]. An
anterolateral approach to the proximal tibia with maintenance
of a distal skin bridge relative to the TKA incision that is at
least half the length of the shortest incision to avoid skin
necrosis (2:1 length-to-width ratio). This allows submuscular
insertion of an anatomically contoured locking plate along the
lateral tibial cortex [67]. Percutaneous diaphyseal fixation
minimizes soft tissue trauma. If there is extensive medial com-
minution or concern for instability, percutaneous insertion of a
medial plate may preserve the thin medial skin while provid-
ing crucial resistance against varus collapse [47]. Once again,
fracture fixation must extend well beyond the tip of the tibial
stem with at least eight cortices of fixation utilizing every
other hole to maximize the working length of the plate.

Fig. 1 a Distal femoral fracture above a well-fixed TKA. b Submuscular insertion of an anatomically contoured locking plate through a distal lateral
approach. c Healed fracture 4 months post-operatively. The patient was allowed to weight bear as tolerated after surgery
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Tibial Nailing

Diaphyseal fractures well below a primary TKA or
unicondylar knee replacement can be treated with a tibial nail.
Because of the location of the tibial component, especially the
keel, the traditional infrapatellar nail insertion technique may
have to be modified. The insertion point must be more distal,
and pointed angled hand reamers are required (Fig. 2).
Additionally, the surgeon must ensure careful development
of the start site as well as insertion of the guidewire to avoid
the deep and posterior cortex. A traditional infrapatellar ap-
proach or a semi-extended lateral parapatellar approach as
described by Kubiak et al. may be used [68•]. A medial
parapatellar approach may also be used. Like a retrograde
nailing in a supracondylar femoral TKA PPF, if the surgeon
cannot achieve an appropriate start site with a small percuta-
neous incision, a full arthrotomy may be required. Because of
the low, anterior start site, the surgeon may use a 9 mm or
smaller nail and may need to curve the distal 1/3 of the nail
anteriorly with a table top bender to avoid abutment on the
posterior cortex. Haller et al. reported on his technique for
nailing in a small series of four patients, all of whom healed
and returned to baseline function [69].

Biomechanical Considerations

While many would agree that preservation of the soft tissues
during internal fixation is a critical factor in promoting bony
union, there is continued controversy regarding the appropri-
ate fixation construct regarding screw choice, location, and
plate length. In fractures that are remote from the prosthesis,
it is tempting to consider a smaller implant to avoid the fixa-
tion around the stem. In their analysis of ipsilateral stemmed

arthroplasties in the femur, Soenen et al. found that an
interprosthetic distance of at least 11 cm was the threshold at
which strain and fracture risk increased dramatically, in four-
point bending [70]. However, maintaining an interprosthetic
length of 11 cm could compromise the construct length re-
quired for adequate stabilization of the fracture itself. For these
reasons, we recommend that the fixation construct should al-
ways bridge the prosthesis.

In revision arthroplasty, the optimum stem length for
intramedullary bypass of a defect should be 2–3 cortical di-
ameters to minimize stress risers [71]. Prior to the develop-
ment of MIO plating, the length of the fixation construct was
limited by the amount of soft tissue stripping. With the advent
of submuscular plate insertion, limited exposures, and percu-
taneous screw insertion, plate length may be increased while
preserving the soft tissues, though these techniques have a
steep learning curve [72]. For periprosthetic fracture fixation,
many authors advocate for a longer construct transition, with
at least 4–6 screw holes of fixation around a well-fixed hip
stem including fixation into the greater trochanter and at least
eight cortices of fixation distal to the fracture [50•, 73]. Some
surgeons have suggested spanning the entire native bone in
osteoporotic patients [50•].

Locking screws increase construct rigidity; however, it is
less clear how much rigidity is required to achieve union. In
fractures of native bone in distal femurs, all-locking constructs
have been shown to significantly increase the likelihood of
nonunion, and management of the fracture working length
(i.e., distance between the nearest fixation points to the fracture
zone) has the greatest impact on the magnitude and direction of
fracture motion [74–76]. A screw closest to the fracture zone
significantly reduces shear stresses and may promote callus
formation at the fracture [74–76], and a nonlocking screw at
that location significantly reduces plate stress [71–73, 77•]. For

Fig. 2 a Tibial shaft fracture below well-fixed TKA. Note that the patient
has a prior distal femoral locking plate. b Awl used for semi-extended
lateral parapatellar approach for tibial nailing. Note that start site has been

moved slightly distal to a traditional start site to accommodate the
prosthesis. c 6 weeks post-op. The patient was allowed progressive
weight bearing
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optimum fixation, Beltran et al. recommended that no more
than 50% of the screw holes be filled in the diaphyseal segment
and that four bicortical screws are adequate [78]. Furthermore,
because of reports of thigh pain and concern for periprosthetic
fracture from locking screws at the end of the plate, the last
screw should have a nonlocking bicortical screw or unicortical
locking screw if it is in native diaphysis [79].

A recent development in screw design that attempts to ad-
dress excess rigidity and yet maintain a fixed-angle construct
is the Far cortical locking screw, in which the proximal cortex
is over-drilled or the screw has a reduced inner diameter prox-
imally while the head is locked into the plate like a traditional
locking screw [80]. This creates unicortical fixation at the far
cortex which increases the flexibility of the construct and al-
lows for more symmetric axial motion at the near and far
cortices. Early animal studies suggest that this may improve
the volume and morphology of callus formation [80–82];
however, there is a paucity of human clinical studies.

Functional Outcomes

The overarching goal for any fracture care is to achieve early
mobilization and functional recovery. This is particularly im-
portant in geriatric patients as they are at higher risk of com-
plication from prolonged immobilization. Early mobilization
has been encouraged following most reports utilizing mini-
mally invasive techniques for periprosthetic fracture repair;
however, a variety of bracing and weight bearing protocols
have been described ranging from immediate weight bearing
as tolerated with crutch [28] to knee immobilization and
protected weight bearing with walker for 3 months [51, 57,
63]. At our institution, patients are encouraged to begin gentle
active and passive range of motion of the affected limb. They
are encouraged to partially weight bear or weight bear as tol-
erated with walker with a goal of full weight bearing by 6–
8 weeks after surgery.

Despite decreased complications and increased union rates,
a full functional recovery is unlikely for most patients. Though
many patients are encouraged to mobilize and bear full or
partial weight on the extremity soon after surgery, the 1-year
mortality for these fractures is 15–20%, with fewer than 50%
of surviving patients returning to their prior level of activity
and independence [54, 55, 83]. Myers, Weber et al. evaluated
the mortality in a series of 283 patients with distal femur
fractures at their institution and included both native and
periporthestic fractures. The overall mortality at 1 year was
13.4% for all distal femur fractures. Additionally, the
periprosthetic fracture patients had increased mortality with
increasing delay to definitive fixation. The risk of mortality
in the periprosthetic cohort was 9.7% [84]. Gitajn et al. exam-
ined the mortality of patients with Vancouver B periprosthetic

femur fractures. They demonstrated a similar 1-year mortality
rate of 13% and a 5-year mortality of 46% [85].

Like geriatric hip fractures, much of this is likely related to
underlying frailty in addition to the stress of trauma, surgery,
and rehabilitation. As such, it is important to counsel patients
and their families on these outcomes so that they can be ade-
quately prepared.

Conclusion

In summary, MIO techniques and newer implant designs have
significantly improved our ability to manage periprosthetic fe-
mur and tibial fractures. Early results of this technically de-
manding approach, when appropriately applied, can achieve
lower complication rates, improved healing, and quicker return
to weight bearing. The optimal implant type, length, screw
density, and screw type have not been determined, but long
plates with spaced screws and overlap of the prosthesis have
gained wide acceptance. Regardless of implant choice and sur-
gical approach, a thorough evaluation of implant stability prior
to surgery, respect for the soft tissues, and restoration of ana-
tomic length, alignment, and rotation are the critical factors for
successful outcomes in these complex injuries. Despite recent
advances, many patients will have persistent functional deficits
and the mortality risk is significant. These factors should be
discussed in depth with the patient and family.
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