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Periprosthetic Femoral Fracture— 
an Interdisciplinary Challenge
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SUMMARY
Background: The increasing implantation rates of total  
hip and knee prostheses have been accompanied by a 
corresponding rise in periprosthetic fractures (PPF), most 
often affecting the femur.

Method: This review is based on a selective search of the 
PubMed database for articles in English and German. The 
search was carried out with a set of pertinent medical 
subject headings (MeSH) and as a free text search 
 employing a logical combination of search terms (evi-
dence grade III–IV).

Results: Soft-tissue-sparing, stable-angle plate osteosyn-
thesis with a firmly seated implant is a safe treatment of 
periprosthetic femoral fracture (PPFF). A correct assess-
ment of the stability of the prosthesis is a prerequisite for 
the success of treatment. A loose prosthesis must be sur-
gically revised, and a failed osteosynthesis can also 
necessitate revision of the prosthesis. The conservative 
management of PPFF is generally not indicated, as it has a 
high complication rate.

Conclusion: The treatment of periprosthetic fractures 
requires competence, not just in osteosynthetic tech-
niques, but also in endoprosthesis implantation and 
 revision. Careful preoperative planning to select the proper 
treatment is essential, and the necessary equipment must 
be on hand. 
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T otal hip arthroplasty (THA) and total knee arthro-
plasty (TKA) are among the 20 most frequently 

performed inpatient surgical procedures (1). Statistical 
analysis of data from the German National Institute for 
Quality Measurement in Health Care (BQS) (1) and the 
Swedish Hip Arthroplasty Register (2) reveal signifi-
cant increases in the numbers of total hip and knee 
 arthroplasties. This can be explained by the increasing 
life expectancy that parallels the continued improve-
ment of medical care in industrialized countries and 
 results in rises in the prevalence of degenerative joint 
disease, as the patient population gets increasingly 
older (3). On the other side, patients undergoing 
 primary arthroplasty are getting increasingly younger 
(2); this clear trend may be driven by higher expec-
tations regarding the quality of life and rising activity 
levels (4). Consequently, arthroplasty-related compli-
cations are expected to increase (5). In their review of 
43 350 revision THAs of the Swedish National Hip 
Arthroplasty Register performed between 1979 and 
2011, Lindahl et al. found that 8.1% (n=3530) of the 
revision procedures were conducted to treat peripros-
thetic fractures. Furthermore, the authors noted an 
 increase in numbers of these fractures over time (6).

Methods
This review is based on a selective search of the litera-
ture (PubMed/Medline). The search was conducted in 
the named databases using given MeSH terms and as a 
free-text search employing logical combination of the 
following search terms: periprosthetic fractures, femur, 
total knee replacement, total hip replacement, revision 
arthroplasty, osteosynthesis, classification, and risk 
 factors in publications in German and English. Due to 
the numerous treatment options, the variety of fracture 
classifications, and studies with small sample sizes, 
there are limitations in the extent to which direct com-
parisons of complications and further aspects can be 
made. Thus, the literature search focused on descriptive 
studies with large numbers of cases (level of evidence 
III–IV). So far, the German Society of Orthopedic and 
Trauma Surgery has not published a guideline for the 
management of these fractures.

Incidence/risk factors
The periprosthetic femoral fracture (PPFF) is the most 
common fracture location of the lower extremity (4); 
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here, a basic distinction is made between intra- and 
postoperative PPFF. In the literature, the incidence of 
intraoperative PPFF occurring with implantation is 
 reported for primary implantations as 0.1–1% and for 
revision arthroplasties as up to 6% (7). The growing 
number of cement-free minimally invasive total hip 
arthroplasties have particularly added to the risk of 
iatrogenic PPFF resulting from access-related limited 
visibility and the use of impactors for femoral shaft 
preparation (8). For postoperative (traumatic) PPFF, the 
incidence rate is 0.3–5.5% for TKA (7) (9–11), with 
comparable rates for THA (0.1–6%) (3, 12).

The time from surgical treatment with lower extrem-
ity arthroplasty until the occurrence of a corresponding 
PPFF is reported as 20–63.6 months in the literature (5, 
11, 13, 14). Mortality after PPFF and its treatment 
varies with patient age and concomitant diseases 
 between 4.5% and 22% (13, 15–19). Furthermore, a 
10-year survival likelihood of 69.9% after treatment of 
periprosthetic fractures was revealed in patients with 
THA; all complications occurred within the first 22 
months after treatment of the PPFF (6).

Typically, PPFF is caused by fall-related low-energy 
fracture mechanisms or inadequate traumas due to 
loose prosthesis components, abrasion-related 
 osteolytic lesions, periprosthetic infections, or implant 
malposition-related stress fractures. PPFF may also 
occur at a higher rate along with revision arthroplasty 
or in the presence of general risk factors (10, 20, 21).

Femoral notching is a special type of PPFF; here, the 
anterior femoral cortex is weakened intraoperatively 
along with the preparation of the femur by excessive 
undercutting, resulting in a significant loss in torsion 
stability, as demonstrated in biomechanical studies. In 
the finite bone model, a weakening of up to 29%, 
 depending on the depth of the notching, was found (7, 
22, 23). However, this finding was not confirmed in 
clinical studies, probably because of consecutive bone 
remodeling (10). Hence, there is some controversy 
whether notching by itself can trigger PPFF.

The general risk factors for PPFF include old age, 
neurological conditions with propensity to falls and 
conditions which may lead to reduced bone quality or 
impaired fracture healing (osteoporosis, rheumatic 
 diseases, metabolic bone disorders, steroid medication) 
(6, 10, 24).

Diagnosis
Predictors of imminent PPFF (Box) can be identified 
based on the patient’s history and the results of 
the clinical examination. Preoperatively, precise 
fracture analysis is required to ensure optimum 
 treatment of PPFF and to avoid perioperative com-
plications.

While standard two-view radiography is sufficient 
for simple fractures, more complex fractures with as-
sociated defect zones require an additional CT scan 
(25). The evaluation should include previous radio-
graphs of the prosthesis, where available, to ensure that 
the information about the fracture course is as compre-
hensive as possible and implant choice and planning of 
the surgical approach are undertaken with greatest 
 confidence.

BOX

Predictors of periprosthetic fractures 
of the femur
● Newly developed instability
● Pain associated with weight-bearing
● Functional impairment
● Mechanical axis deviation
● Radiographic follow-up reveals lytic changes  

growing in size 

Figure 1: Vancouver classification modified from Masri et al. (26)

Type A Type B1 Type B2 Type B3 Type C
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Classifications
For the description and classification of PPFF of the 
lower extremity, various classifications have been 
 established worldwide based on fracture location. 
 Essentially, they refer to the fracture type, its course in 
relation to the total joint arthroplasty, and to implant 
stability. For PPFF with total hip arthroplasty, the Van-

couver classification has become widely accepted 
(25–27). It differentiates between the types A, B and C. 
In case of the types A and B, it further distinguishes the 
subtypes AG, AL and the subtypes B1, B2 and B3, 
 respectively (Figure 1, Table 1). Where it is difficult to 
discriminate between the subtypes B1 and B2 (stable/
loose implant), surgical exploration is frequently 
required.

With total knee arthroplasty, at the femur the classifi-
cation according to Lewis and Rorabeck (25, 29) is 
used (Figure 2, Table 1) which distinguishes between 
three types of fractures and is determined by the degree 
of fracture displacement and implant stability. The clas-
sification distinguishes between stable prosthesis with 
(type II) and without (type I) displacement and loose 
femoral prosthesis (type III).

Treatment strategy
Depending on type and course of the fracture, its re-
lation to the prosthesis and the actual implant stability, 
a variety of treatment options are available (Figure 3). 
Subject to the patient’s general condition and operabil-
ity, conservative treatment may be indicated with 
 non-dislocated PPFF and adequate implant bed. In the 
literature, consensus has developed that, due to the high 
rate of concomitant complications (non-union rates of 
up to 20%; secondary dislocation with increased 
weight-bearing; postoperative impairment of move-
ment), conservative treatment should only be attempted 
in selected cases (10, 11, 21, 24, 31, 32). Likewise, 
 stabilization by means of an external fixator is only 

TABLE 1

Comments of the classifications of periprosthetic femoral fracturs

THA, Total hip arthroplasty; TKA, Total knee arthroplasty 

Vancouver classification of proximal femoral fractures with THA  
modified from Masri et al. (26)

Type

A

B

C

Lewis-Rorabeck classification of supracondylar femoral fractures with TKA (29)

Type

I

II

III

Location of the femoral fracture

Around the trochanter

Around or just distal to the stem

well below the implant

Femoral fracture

Nondisplaced 

displaced

displaced/nondisplaced

Subtype

AG: greater trochanter 
AL: lesser trochanter

B1: stable stem 
B2: loose stem 
B3: loose implant with substantial bone 

loss

Prosthesis stability

stable

stable

loose

Figure 2:  
Classification of 

periprosthetic 
 femoral fractures by 

Lewis-Rorabeck 
(29) 

Type I Type II Type III
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 recommended in special cases and as a temporary 
measure due to the increased risk of infection and the 
additional discrimination of the bone bed by the boreholes 
required for the pins (9–11). The surgical techniques 
and their indications described in the following and listed 
in Table 2 are regularly used systematically,  depending 
on fracture type, implant stability and bone quality.

Treatment of Vancouver type A fractures
In case of a perioperative or postoperative PPFF with 
dislocation (>2 cm) of the Vancouver type A, treatment 
with various plate systems or tension band wiring by 
means of cerclages and Kirschner wires is recom-
mended (33). In the postoperative phase, partial 
weight-bearing and avoidance of active abduction for 
six weeks is mandatory to prevent the risk of secondary 
bone dislocation by muscle traction.

Treatment of Vancouver type B1 and C fractures
For these PPFF types, angle-stable plate osteosynthesis 
is the only suitable treatment option. Because of its 
multiple methods of anchoring and its excellent pri-
mary and rotational stability (12), it is used with all 
PPFFs of the lower extremity, where the implants can 
be retained (11). Due to the decentered force flow, this 
technique shows less stable fixation when exposed to 
varus forces and reduced rotational stability compared 
with intramedullary nailing (34). This could explain the 
increased non-union rate of the angle-stable plate os-
teosynthesis compared with retrograde nailing (21, 24).

Angle-stable plate osteosynthesis offers the advan-
tage that good fixation and primary stability can also be 
achieved in fractures close to the implant or with in-
volvement of the implant bed. The latest generation of 
these angle-stable plates provides the possibility for 
polyaxial angle-stable insertion of the corresponding 
plate screws. Thus, initially the screw with a free inser-
tion angle of up to 15° is positioned in such way that 
either a stable bi-cortical anchoring of the screw or a 
mono-cortical anchoring close to the implant is 
 achieved. Subsequently, this is locked by a sealing cap, 
creating angle stability between screw and plate. The 
advantage of this implant feature is that it enables the 
treatment of fractures in close proximity to intramedul-
lary implant components, because good force locking 
can be obtained and predetermined breaking points can 
be avoided. Despite these advantages, the complication 
rate of this technique is high (6, 21, 35, 36). Typical 
complications are infections (5.3–14.3%), non-union 
(5.3–7%) and the necessity of revision arthroplasties 
(8.8–14.3%) (Table 2). Furthermore, mistakes in 
 fracture assessment may lead to errant classification 
which may cause failure of or an excessive demand on 
the method or the implant (6).

Treatment of Vancouver type B2 and B3 fractures
These PPFF types always require a change of the 
 prosthesis, whereas the treatment of B3 fractures can be 
challenging due to poor bone quality or zones of 
 significant fragmentation. Here, numerous treatment 

FIGURE 3

Therapeutic algorithm for the treatment of periprosthetic femoral fractures

Periprosthetic femoral fracture
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be used for so-called “open box“ total knee arthroplasty 
(cruciate ligament-sparing TKA), as with this pro-
cedure, there is no guide box for the corresponding 
inlay peg at the femoral component, allowing a nail to 
be inserted. At the same time, this technique has its own 
limitations, as the nail insertion site is predetermined 
by the implant design and the diameter of the nail must 
be chosen based on the intercondylar distance of the 
fem oral component of the prosthesis (11). Furthermore, 
to ensure secure distal anchoring of the nail, a certain 
implant-specific distance to the femoral component 
must be observed to guarantee secure locking of the 
nail with at least 2 pins (37).

Compared with the open technique, the difficulty of 
fracture repositioning can at times be challenging. In 
addition, implant stability in the presence of osteopo-
rotic bone, a wide distal metaphyseal channel, or longer 
spiral fractures is inferior to that of angle-stable osteo-
synthesis (11, 20); consequently, the non-union rates 
are significantly higher among patients with long spiral 
fractures treated with nail osteosynthesis (11, 24). On 
the other hand, the strengths of this osteosynthesis tech-
nique include little soft tissue injury in combination 
with good rotational stability of short fractures. As the 
insertion of the retrograde nail causes only little soft 
 tissue injury, the infection rate lies between 0 and 2.9%. 
Subject to fracture location and fracture length, the 
non-union rates vary between 1.5 and 29%, and the 

options are available, ranging from cement-free modu-
lar implants or cemented revision prostheses to tumor 
prostheses or custom-made implants. Prostheses with a 
modular design offer the advantage that, where neces -
sary, the anchoring distance can be adapted to the bone 
conditions encountered intraoperatively. Here again, 
important complications are infections (3%) and non-
unions (3.3%), and surgical revision is required in 5%. 
Existing bone defects can be treated with additional 
strut allograft augmentation. With this technique, larger 
bone defects are bridged by means of biological aug-
mentation of structural bone allografts. Strut grafts are 
used both for revision arthroplasty and additional 
 stabilizing surgery performed to treat failed osteosyn-
thesis. Disadvantages include approach-inherent soft 
tissue injury with negative impact of periostal blood 
flow and the resulting further increase in the risk of in-
fection and non-union. However, evidence-based data 
on the use of strut grafts to treat PPFF are not available 
to date (24).

Treatment of Rorabeck Type I and II fractures
Two established osteosynthesis techniques are used to 
treat these types of fractures. First, the angle-stable 
plate osteosynthesis as an open or minimally invasive 
procedure (comparable to the management of the PPFF 
Types Vancouver B1 and C, see there); and second, 
retrograde intramedullary nailing. The latter can only 

TABLE 2

Comparison of treatment options in periprosthetic femoral fractures

THA, Total hip arthroplasty; TKA, total knee arthroplasty 

Indications

Complications

 – Infections

 – Non-unions

 – Revision required 

 – Mortality

Advantage

Disadvantage

Angle-stable plate osteosynthesis

Lewis-Rorabeck type I + II  
Vancouver type B1 + C 

5.3–14.3%

5.3–7%

8.8–14.3%

4.54–13.4%

– Primary and rotation stability 
– Usable with osteoporosis 
– As anatomically preformed plates 
– Soft tissue sparing approach possible 
– In addition polyaxial angle-stable 
– Intraoperative flouroscopy time 
– Early functional follow-up treatment 

– Complication rates 
– Implant bed discrimination 
– Correction loss with comminuted fracture 
– Off-center force flow 

Nail osteosynthesis 

Lewis-Rorabeck type I + II

0–2.9%

3.3–29%

4.6–40%

0–22%

– Primary and rotational stability 
– Central force flow (intramedullary) 
– Soft tissue sparing approach  
– Early functional follow-up treatment 

– Reposition difficult 
– Loss of stability with:  
  – wide medullary space  
  – spiral fractures  
  – osteoporosis 
– Intercondylar distance limited 
– Intraoperative flouroscopy time 
– Fracture-implant distance 
– postoperative leg length differences 
– Postoperative mechanical axis devia -
tions 

Revision arthroplasty

Lewis-Rorabeck type III  
Vancouver type B2 + B3 

3%

3%

5%

14.5%

– Primary stability 
– Central force flow 
– Early functional follow-up treatment 

– soft tissue trauma 
– bone loss  
– postoperative THA dislocation 
– postoperative leg lenghth difference 
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 corresponding revision rates range from 4.6 to 40% 
(21, 36) (Table 2).

Special situation: Rorabeck type III fractures
This PPFF always requires a change of prosthesis. The 
portfolio ranges from implants with various degrees of 
coupling to tumor prostheses or custom-made implants 
for individual patients. Here, prostheses with a modular 
design offer the advantage of intraoperative adaptabil-
ity of the anchoring distance and the degree of coupling 
to match the specific conditions and requirements en-
countered during surgery. Existing bone defects can 
also be treated with an additional strut graft.

Conclusion
For the treatment of the entire spectrum of these frac-
tures, the surgeon must have detailed knowledge as 
well as the necessary skills with regard to the osteo -
synthesis techniques and revision/prosthesis systems. 
Relevant concomitant diseases must be taken into 
 consideration when treating increasingly older, multi-
morbid patients. Interdisciplinary management, as it is 
ensured in maximum care hospitals, is vital. Key fac-
tors contributing to the success of the postoperative 
course are patient compliance and an adequate aftercare 
plan, preferably incorporating early functional 
 physiotherapy. As the result of the age pyramid changes 
mentioned earlier, surgeons are increasingly confronted 
with the challenges of managing multimorbid patients 
(American Society of Anesthesiologists [ASA] risk 
classification >3). These patients benefit from early 
surgical care (31), as the incidence of postoperative 
complications increases with delayed surgical or 
 conservative treatment (32). Thus to avoid the risks and 
comorbidities mentioned above, the main aim  
should always be to achieve a primary weight-bearing/
exercise-stable situation.

A uniform classification of these fractures is needed, 
as are prospective, comparative, high-evidence-level 
studies, investigating various treatment strategies for 
periprosthetic femoral fractures.
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