
Introduction 

Femoral periprosthetic fractures are among the serious post­
operative complications after total knee arthroplasty (TKA). 
Along with the increasing number of TKAs and the extending 
longevity of patients after TKA, the incidence of femoral peri­
prosthetic fractures is also increasing1-9). Proper management and 

healing of femoral periprosthetic fractures is essential because of 
the profound influence of these fractures on the prognosis and 
quality of life of patients6,10,11). However, the treatment of femoral 
periprosthetic fractures is still challenging owing to several rea­
sons. The primary concern is the advanced age of patients, which 
results in osteoporotic bones. Stable fixation of the fracture is 
technically difficult because of sparse bone stock with poor bone 
quality. Joint instability occurs in cases with collateral ligament 
injury complicating the fracture, which occasionally necessitates 
revision arthroplasty with a constrained-type implant. To our 
knowledge, despite several attempts to classify femoral peripros­
thetic fractures, a classification that is directly relevant to current 
surgical treatment strategies has not yet been suggested4,12-18). 

Therefore, in this review, we intended to suggest a new surgi­
cally oriented classification system for femoral periprosthetic 
fractures based on a thorough review of precedent classifications 
and various recent surgical treatment results.
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Risk Factors

The most important and well-recognized predisposing factor 
to femoral periprosthetic fractures after TKA is osteoporosis19-21), 
which is primarily related to the advanced age of patients who 
undergo TKA. Chronic corticosteroid use and rheumatoid ar­
thritis also contribute to osteoporotic changes1,15). Prosthesis-
related factors, including the presence of stress risers, focal oste­
olysis, stiff knee, and previous revision arthroplasty, also increase 
the risk1,15,20). Among these factors, anterior notching of the femur 
has been well proven to increase the risk for femoral peripros­
thetic fractures after TKA1,15,20,22,23). Neurological abnormalities 
including poliomyelitis, Parkinson’s disease, and cerebral palsy 
are also known to be potential risk factors1,15).

Classifications

Since the first suggestion of a classification for supracondylar 
femoral fractures by Neer et al.16), various classifications from 
many researchers have been suggested concerning periprosthetic 
fractures after TKA (Table 1). Those that are primarily concerned 
with the displacement of fractured fragments can be categorized 
as the first-generation classifications. Neer et al.16) classification 
described supracondylar femoral fractures according to the di­
rection of the displacement, thus reflecting the direction of the 
external force and injury of the extensor mechanism. DiGioia 
and Rubash14) clarified the definition of periprosthetic fractures 
and graded the severity of comminutions, and their classification 
mainly considered the possibility of closed reduction. Chen et 
al.13) simplified the precedent classifications into displaced and 
undisplaced types. These first-generation classifications were 
helpful in deciding whether the fracture was suitable for con­
servative treatment or operative treatment. However, a specific 
relationship between the fracture type and the choice of surgical 
technique could not be established with the first-generation clas­
sifications. The second generation of classifications for femoral 
periprosthetic fractures was started by Rorabeck and Taylor17). 
They performed a detailed review of the various surgical treat­
ment options for displaced-type fractures and additionally sug­
gested revision arthroplasty as a treatment for periprosthetic 
fractures with an unstable prosthesis. Their treatment algorithm 
remains influential thus far as an important guideline for the 
treatment of periprosthetic fractures. Su et al.18) classified femoral 
periprosthetic fractures into three types according to the fracture 
location relative to the femoral component. Their classification 
primarily considered the indication of intramedullary nails (an­

tegrade and retrograde). They opposed nonsurgical treatment, 
which was recommended for nondisplaced femoral peripros­
thetic fractures in the precedent literature, except for patients 
who are medically unfit to tolerate surgery. Kim et al.15) consid­
ered the volume and density of the distal bone stock, component 
fixation status, and fracture reducibility as important factors in 
categorizing femoral periprosthetic fractures. The classification 
of Backstein et al.12) basically divided femoral periprosthetic 
fractures into two types according to the feasibility of retrograde 
intramedullary nailing (RIMN), and added two more qualifiers 
according to the stability of prosthesis and quality of the bone 
stock. Frenzel et al.4) added the time point of fracture occurrence 
to factors including fracture type, prosthesis stability, and bone 
quality. Those second-generation classifications elucidated femo­
ral periprosthetic fractures after TKA mainly from the surgical 
standpoint. The development of novel operative techniques and 
fixatives seems to have led to a changing trend in the treatment 
and classification systems.

Literature Review

Although decades have passed since the earliest reports on 
femoral periprosthetic fractures, their prognostic improvement 
is still obscure. Periprosthetic fractures were identified as a fac­
tor leading to decreased survival by Streubel et al.11) in 2011, and 
mortality rates of 14% and 18.6% in 3 and 12 months after peri­
prosthetic fractures following TKA, respectively, were reported 
in 201410). The fact that the quality of life and joint function in 
patients with periprosthetic fractures after TKA was significantly 
decreased and only 20% of the patients can mobilize without fur­
ther assistance6) may be possible explanations.

Conservative treatment established an axis for the management 
of nondisplaced fractures during the era of the first-generation 
classifications13,14,16). A conservative treatment option was valuable 
during that period when the treatment results after surgical re­
duction were not fairly reliable or prevalent over those of conser­
vative treatment19,20,24,25). A number of operative treatment meth­
ods were suggested for displaced femoral periprosthetic fractures 
(Lewis and Rorabeck type II equivalent17)) in that era. Angled 
blade plating, dynamic condylar screw fixation, and conventional 
non-locking plating are well known internal fixation methods. 
However, with the reports on the superior clinical results of the 
angular stable locking compression plate (LCP) and RIMN over 
those conventional fixation methods, the surgical treatment has 
rapidly changed since the mid-2000s26-28). Althausen et al.26) per­
formed a comparative study on four different surgical treatment 
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methods in 12 patients and reported that loss of fixation and var­
us angulation owing to limited distal fixation were not observed 
with the less invasive stabilization system by using LCP. Ricci et 

al.28) and Fulkerson et al.27) consecutively reported excellent union 
rates with LCP for femoral periprosthetic fractures. Thereafter, 
numerous recent studies reported the excellent clinical results of 

Table 1. Classification Systems for Femoral Periprosthetic Fractures after Total Knee Arthroplasty

Author Year Type or group Description Special consideration

Neer et al.16) 1967 Group I Impacted or minimally displaced Injury mechanism

Group II Displacement >1 cm Direction of external force

   A Medially displaced condyles Extensor mechanism continuity

   B Laterally displaced condyles

Group III Meta-diaphyseal comminution

DiGioia and 
Rubash14)

1991 Group I Extra-articular, undisplaced (<5 mm displacement 
and <5° angulation)

Defined PPFx.: any fx. of the distal femur 
within 15 cm of the TKA joint line or within  
5 cm of the stem

Defined the severity of comminution: 
Minimal: ≥50% cortical contact  
Severe: <50% cortical contact

Group II Extra-articular, displaced (>5 mm displacement or 
>5° angulation)

Group III Severely displaced (loss of cortical contact) or 
angulated (>10°); may have intercondylar or 
T-shaped component

Chen et al.13) 1994 Type I Nondisplaced Helped in decision making between 
conservative Tx. and operative Tx.Type II Displaced and/or comminuted

Rorabeck and 
Taylor17)

1999 Type I Undisplaced fx., stable prosthesis Suggested a Tx. algorithm with detailed surgical 
optionsType II Displaced fx., stable prosthesis

Type III Displaced or undisplaced fx., unstable prosthesis

Su et al.18) 2004 Type I Fx. promimal to femoral component Guided operative treatment options according 
to the fracture level

Scrutinized the feasibility of retrograde nailing
Type II Fx. Originating from the femoral component and 

extending proximally

Type III Any part of fx. line is distal to the upper edge of the 
anterior flange

Kim et al.15) 2006 Type I Included the issue of bone stock quality

   A Reducible fx., good distal bone stock, stable 
component

   B Irreducible fx., good distal bone stock, stable 
component

Type II Unstable component

Type III Unstable component, poor bone stock

Backstein et al.12) 2007 Type F1 Distal fx. fragment provides adequate bone for 
retrograde nail locking

Additional qualifiers 
stable/loose prosthesis 
good/poor bone stock

Retrograde nail feasibility
Type F2 Distal fx. does not provide adequate bone for 

retrograde nail locking

Marsh et al.56) 2007 33-A1–3 Distal femur extra-articular fx. New unified classification system 
(Müller-AO+OTA classification)
Anatomical classification

Frenzel et al.4) 2015 3 KP 3 Distal femur fx. above the cemented knee 
arthroplasty

Fracture type
Prosthesis stability
Time point of fx. occurrence
Bone structure

PPFx.: periprosthetic fracture, fx.: fracture, Tx.: treatment.
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LCP and RIMN as the mainstream surgical treatment modalities 
for femoral periprosthetic fractures11,27-46). Each of the two fixation 
methods has its own advantages over the other and has different 
indications originating from their unique fixation mechanism. As 
an LCP can be inserted submuscularly through a minimally inva­
sive approach with minimum disruption of the fracture healing 
microenvironments, relatively preserved periosteal blood supply 
and callus formation is advantageous in the treatment of commi­
nuted metaphyseal fractures. Moreover, multiple angular stable 
locking head screws enable maximum purchase of even very 
distal small fragments and confer a sufficient amount of relative 
stability, which is required for fracture healing. RIMN was also 
introduced as a soft-tissue-friendly and minimally invasive in­
ternal fixation method in almost the same period as LCP. RIMN 
has some biomechanical advantages over LCP44). The fact that the 
retrograde intramedullary nail is coaxially implanted along the 
anatomical axis of the femur confers this implant the stiffest con­
struct under axial loading with an extremely short moment arm. 
Moreover, the relatively centered position of the implant from 
the lateral and medial cortex of the femur provides more stability 
during ambulation, especially in patients with medial-column 
comminution, than does the unilateral LCP. However, the appli­
cation of RIMN is restricted to certain cases. In the femoral com­
ponent with a closed intercondylar box design, the entry portal 
is blocked. Even with the open box design, the dimension of the 
opening is sometimes insufficient to permit the nail insertion in 
RIMN18). As RIMN was developed and used in the same period 
as LCP, and both treatment methods had similar fracture healing 
biomechanism, many comparative studies were performed. Wick 
et al. reported the superior mechanical properties of LCP in frac­
tures with small distal fragments47). Large et al.48) compared an 
LCP group versus a conventional plate and RIMN group, and re­
ported superior results with LCP. Hou et al.32) reported three non­
unions and three malunions in 34 LCP cases versus one infec­
tious nonunion and two malunions in 18 RIMN cases. Gondalia 
et al.40) found no significant differences in clinical results, time to 
union, complication rate, or postoperative range of motion. They 
also found a trend toward a higher nonunion rate with LCP and a 
higher re-fracture rate with RIMN. Meneghini et al.34) stated that 
despite a greater quantity of screws in the distal fragment, the fail­
ure rate of LCP was twice that of RIMN, based on the results of 
their relatively large comparative study. Park and Lee35) found no 
significant difference in the comparison of 20 RIMN cases versus 
21 LCP cases; however, they stated that angular stable plating was 
a better treatment option for very low supracondylar fractures.

Concerning the treatment of far distal femoral periprosthetic 

fractures, Sanders et al.46) first documented a trial of bicortical 
double plating with conventional plates. Thereafter, Streubel et 
al.11) proved that unilateral LCP alone can fix far distal fractures, 
and a case report on bilateral bicortical double plating followed49). 
Kim et al.33) scrutinized the theoretical and clinical background 
of double plating and reported a 93.2% union rate in 32 cases. 
Herrera et al.50) conducted a systematic review of 415 femoral 
periprosthetic fractures above a TKA in 2008. According to their 
results, LCP was superior to conventional plating in terms of the 
nonunion rate and the requirement for a secondary procedure. 
However, RIMN was superior to LCP in the nonunion and 
fixation failure rates. They stated that the treatment of femoral 
periprosthetic fractures after TKA is evolving toward minimally 
invasive percutaneous plate osteosynthesis and RIMN and away 
from extensive approaches and rigid anatomic fixation methods. 
The largest comparison between LCP and RIMN was conducted 
in a systematic review by Ebraheim et al.3). According to their re­
search, the overall treatment success rate of LCP and RIMN was 
87% and 84%, respectively, in Lewis and Rorabeck type II frac­
tures. Among the nine articles they analyzed, five articles showed 
no overall advantage to either method, three articles supported 
the superiority of LCP, and one article favored nailing. Lower 
overall complication rate was reported with LCP. The most recent 
meta-analysis was conducted by Shin et al.37) on eight random­
ized controlled trials. In their analysis, the postoperative Knee 
Society Score, time to union, nonunion rate, and revision require­
ment were not significantly different between LCP and RIMN. 
They stated that RIMN had biomechanical advantages over LCP 
in resisting external loads and that LCP might be preferable to 
RIMN owing to the limitations of RIMN in clinical practice.

Finally, on the basis of the two main pillars (LCP and RIMN) of 
femoral periprosthetic fractures, newer surgical techniques, in­
cluding double plating, orthogonal plating, or far cortical locking, 
are also emerging51).

New Classification

Although several classifications of femoral periprosthetic frac­
tures by a number of authors have been proposed, as aforemen­
tioned, few reflect the recent developments in surgical treatment, 
to our knowledge. Therefore, we developed a new classification 
system that is directly relevant to the current surgical treatment 
options (Fig. 1).

Type I fractures are simple transverse two-part fractures that 
involve fracture lines directly connected to the anterior flange of 
the femoral component and extend upon it. As these fractures 
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have sufficient and stable distal bone stock to contain multiple 
distal fixatives, both RIMN and unilateral LCP can be used ac­
cording to the suitability of the intercondylar box of a total knee 
implant.

Type II fractures have an oblique or reverse-oblique fracture 
line involving the anterior flange of the femoral component. 
These fractures include an inferomedially or inferolaterally 
beaked proximal fragment and a superolaterally or superomedi­
ally peaking remnant distal fragment, respectively, with more or 
less comminution. These fractures are not suitable for RIMN and 
can be treated with unilateral LCP on the basis of a relatively pre­
served medial column support.

Type III fractures are relatively less comminuted fractures well 
below the anterior flange or medially comminuted fractures. 
Owing to the small distal bone stock or lack of a medial column 
support, the distal fixation provided by unilateral LCP is insuf­
ficient to maintain stable fixation in this type of fractures. Bicorti­
cal double plating with an additional medial plate is applicable in 
this case.

Type IV fractures are transverse fractures of the femur shaft 
occurring around the tip of the stem extension attached to the 
revision implant. These fractures do not provide sufficient distal 
bone stock even for LCP, and most of the sagittal dimension is 
blocked by the revision implant. A periarticular polyaxial plate 
with a variable-angle locking screw will likely be the last resort 
for internal fixation.

Type V fractures can be described as “shattered” distal frag­
ments that do not have any recognizable main fragment with an 
unstable implant. Distal femoral arthroplasty, tumor prosthesis, 
or revision arthroplasty with an allograft-prosthesis composite 
graft are the possible choices for prompt surgical treatment.

Treatment

On the basis of continuing reports of superior treatment re­
sults with LCP or RIMN, we believe that conservative treatment 
should no longer be an option for the treatment of femoral 
periprosthetic fractures, even nondisplaced fractures29-38). Con­
sidering the demographic background of patients including their 
advanced age and rapid deterioration of general condition due to 
prolonged bed rest, conservative treatment should be removed 
from the directory of treatment options for femoral peripros­
thetic fractures, except for unavoidable cases.

According to our classification, both LCP and RIMN can be 
applied to treat type I fractures (Su type II equivalent18)) with 
sufficient distal bone stock, except for a closed-box-type femoral 
component. It means that LCP or RIMN is available in type I 
fracture according to the specific environment of a fracture case. 
Height of the anterior flange and shape of the intercondylar box 
is different in between every TKA femoral components. Differ­
ent starting points of the fracture can leave unequal amount of 
distal bone stock to be purchased even if all the fractures in type I 
are originating from the anterior flange impact. So, the operators 
have to make a decision about the implant. Type I fracture is the 
only femoral periprosthetic fracture type with nail (specifically, 
RIMN) applicability in this new classification. We considered 
femoral fractures occurring well above the anterior flange of 
the femoral component (Su type I equivalent18)) separately from 
femoral periprosthetic fractures, as the fracture might not be bio­
mechanically generated by the direct impact of the prosthesis but 
has restrictions in the fixation method owing to the existence of 
the prosthesis. In our perspective, those are not “genuine” femoral 
periprosthetic fractures. Antegrade intramedullary nailing, which 

Type I Type II Type III Type IV Type V

Fig. 1. Anteroposterior views for femoral periprosthetic fracture classification. Type I: simple transverse two-part fracture which involves fracture 
lines directly connected to the anterior flange of the femoral component and extending upon it. Type II: fracture with an oblique or reverse-oblique 
fracture line involving the anterior flange of the femoral component. Type III: relatively less comminuted fracture well below the anterior flange or 
medially comminuted fracture. Type IV: transverse fracture occurring around the tip of the stem extension attached to the revision implant. Type V: 
fracture with “shattered” distal fragments that do not have any recognizable main fragment with an unstable implant. 
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was mentioned as a surgical treatment method in some other lit­
erature reports, was not included in our considerations for such a 
reason.

For our type II fractures, unilateral LCP will be a better surgical 
treatment option than RIMN (Fig. 2). In type II fractures, the dis­
tal interlocking screws of RIMN will likely be purchasing differ­
ent fragments of the fracture, which will function similarly to the 
interfragmentary screw. If the situation necessitates indirect bone 
union, the use of an interfragmentary screw will retard union. 
Even if fine reduction of the fragment were achieved, the number 
and compressive force of distal interlocking screws in RIMN are 
insufficient to maintain the stability of the construct. With later­
ally or medially beaked distal bone fragments, LCP can hold the 
fragment better with multiple angular stable locking screws, and 
the length of screw insertion can be adjusted according to the in­
tended fracture healing mechanism.

Fractures with scant distal bone stock (Su type III equivalent18)) 

or a comminuted medial column are difficult to maintain stabil­
ity with unilateral LCP. Fractures with scant distal bone stock 
provide insufficient bone stock for distal locking screws of unilat­
eral LCP, and medialized impact through a comminuted medial 
column is enough to collapse the construct, as Sanders et al.46) 
previously warned. Bicortical double LCP can help in manag­
ing those situations (Fig. 3). Addition of medial LCP enables 
doubling the number of proximal and distal screws and resisting 
medialized impact. Kim et al.33) reported a 93.2% union rate in 
their study concerning 32 Su type III fractures with 21 very distal 
fragments18).

There are few remaining choices for internal fixation of femoral 
periprosthetic fractures occurring above the stemmed revision 
implant. Considering the coarse bone stock around the metaphy­
seal region and the primary load bearing of the stem, diaphyseal 
fractures adjacent to the stem tip will occur rather than metaphy­
seal fractures in this situation. A polyaxial locking plate such as 

A B C

Fig. 2. (A) Preoperative radiographs of a femoral periprosthetic fracture with a reverse-oblique fracture line involving the anterior flange of the femo­
ral component. (B) This fracture was treated by a unilateral locking compression plate. (C) Fracture union with remodeling is evident on the last 
follow-up radiographs.

A B C

Fig. 3. (A) Preoperative radiographs of a femoral periprosthetic fracture with relatively less comminuted small distal bone stock well below the ante­
rior flange. (B) This fracture was treated by bicortical double locking compression plates (LCPs). (C) The LCPs were removed after complete union of 
the fracture.
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NCB (Non-contact Bridging Plate; Zimmer Inc., Winterthur, 
Switzerland) can be used in this type of fractures (Fig. 4). The 
NCB plate utilizes a 30° polyaxial locking screw mechanism to 
maximize the chance of scant bone stock purchase despite the 
space-occupying stem extension or the revision implant. Polyax­
ial screws can be used both as a locking screw and a compression 
screw according to the situation, and one screw resists a load of 
225 N at a distance of 25 mm from the plate39). Erhardt et al.39) re­
ported excellent outcomes of NCB in their study on 12 Rorabeck 
and Taylor17) type II fractures. Ruchholtz et al.36) mentioned that 
a locking plate was the actual treatment of choice in a peripros­
thetic fracture with a stable intramedullary stem or implant, and 
reported that they could set a minimum of 3 and a mean of 5.4 
bicortical screws around a stem with NCB. 

For fractures with an unstable implant or extreme comminution 
of the distal fragment, revision arthroplasty has been mentioned 
in the literature since the report of Rorabeck and Taylor17). How­
ever, the conventional revision arthroplasty system is insufficient 
to treat this type of femoral periprosthetic fractures. Often, there 
is a cluster of shattered bones and it is amorphous. The reality of 
the type V situation makes it nearly impossible to preserve and 
fix the bone stock and to perform direct revision arthroplasty 
simultaneously. If the patient requires prompt surgical manage­
ment, revision arthroplasty in this context means an implant that 
can replace the lost bone stock, attaching to the host bone and 
functioning as a joint altogether. Distal femoral replacement, tu­
mor prosthesis, and structural allograft prosthetic composite are 
included in the revision arthroplasty methods. Recently, although 
some studies reported considerable treatment results with distal 
femoral arthroplasty in this type V situation52-55), revision arthro­
plasty is likely to be a salvage operation at best.

Conclusions

Femoral periprosthetic fractures after TKA still pose a challenge 
in terms of treatment and lack a standardized classification sys­
tem that is based on surgical treatment. LCP and RIMN are the 
two main surgical options with proven efficiency. Our new clas­
sification will help in deciding the surgical treatment option for 
femoral periprosthetic fractures after TKA.
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