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In general, regardless of the bone / implant, periprosthetic fractures tend to be categorized based 
on the proximity to the implant and the functioning status of the implant (stable or loose, functioning 
or failing). 
 
THA: Johanson, Vancouver classifications 

Johansson Classification 
Type I: Proximal to tip with stem in distal fragment. 
Type II: Fracture about stem extending below tip, with stem dislodged. 
Type III: Entirely distal to prosthesis. 
 

Classification of Duncan and Masri: 
Based on fracture location, fixation of the stem, and the quality of the bone.  
_____________________________________________ 
Type              Location                              Subtype 
____________________________________________ 
A       Trochanteric region   A(G): Greater trochanter 

A(L): Lesser trochanter 
 
B       Around stem tip   B(1): Prosthesis stable 

B(2): Prosthesis unstable 
B(3): Bone stock inadequate 

C       Well below the stem 
 
 
TKA: Rorabeck classification 

Type I: undisplaced, stable prosthesis 
Type II: displaced, stable prosthesis 
Type II: loose prosthesis 
 

These classifications facilitate an algorithmic approach to treatment 
 Stable Prosthesis: Internal Fixation 
 Failed Prosthesis: Revision Arthroplasty 
 
Fractures about THA 
 



Type A Fractures 
Represent fractures of the greater or lesser trochanter and generally do not threaten the stability of 
the implant. Lesser trochanteric fractures may be less common but are more ominous as they could 
represent loss of bone support in the region of the posteromedial calcar femorale. As such, the 
finding of a lesser trochanter fracture may warrant further imaging and close follow-up. If occurring 
intraoperatively, a long-stem should be used. 
 
Type B Fractures: Internal Fixation or Revision Arthroplasty 
Duwelius et al reported the results of a “modernized” protocol for addressing periprosthetic femur 
fractures, designed to utilize contemporary methods of fracture fixation and revision arthroplasty. 
Fractures about loose implants were treated with long-stem revision arthroplasty using long, fully-
coated, uncemented stems with allograft cortical struts. Fractures about stable implants were 
treated with open reduction and internal fixation using indirect reduction methods and state-of-the-
art lateral femoral plating techniques; most often combined with an anterior cortical allograft strut. In 
all cases of ORIF, screw fixation was obtained in both proximal and distal fragments, supplemented 
by cerclage wires. 
Type B1: Fracture about stable implant: ORIF is the standard treatment 
Type B2: Loose implant: Revision arthroplasty generally indicated 
Type B3: Loose implant with inadequate bone stock – proximal femoral replacement generally 
needed. 
Type C Fractures: Well below the THA 
These do not involve the implant and are best treated with ORIF using plates that overlap the 
femoral stem. 
Fractures about TKA: 
Nearly always occur in the distal femur.  
Very rare to find a failed prosthesis. ORIF almost always indicated 
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Fractures around the femoral component of a total hip arthroplasty are becoming more common as 
our population ages.  These patients often present to the emergency room and increasingly are 
being managed by orthopedic traumatologists with varying amounts of revision experience.  
Osteopenic bone, the presence of a femoral component, often loose, and an elderly patient 
population with medical comorbidites pose challenges to a successful outcome. It is important to 
note that the majority of peri-prosthetic fractures around the stem of a femoral component are 
associated with a loose femoral implant, and in these cases, revision is preferable to internal fixation 
attempts.   Since most orthopedic traumatologists are not familiar with femoral revision principles, 
the discussion below will focus on the fundamental decision-making and technical aspects of 
management of periprosthetic fractures of the femur associated with a loose femoral component. 
 
The Vancouver classification is clinically helpful for guiding treatment.  It is based on the location of 
the fracture, the fixation status of the femoral component, and the quality of the remaining bone 
stock.  Vancouver A type fractures involve the greater or lesser trochanter and are almost always 
associated with osteolysis related avulsions.  The mainstay of treatment of such fractures is to 
address the osteolysis, typically with polyethylene liner exchange.  Lytic lesions are bone grafted with 
allograft and greater trochanteric fractures are stabilized if unstable.  Tension-band techniques have 
been recommended using wire or heavy braided suture.  It is important to understand that the bone 
quality is typically extremely poor as the trochanter has been “hollowed out” by the lytic process.  If 
displaced and unstable, the author prefers to obtain heavy suture fixation into the abductor tendon, 
which typically provides more robust fixation.  These techniques are analogous to the fixation of 
tuberosities of the shoulder in osteopenic patients.   
 
Vancouver B type fractures occur around the tip of the stem, and are the most common fractures 
encountered.   B1 fractures occur around a well fixed implant, B2 fractures around a loose implant 
with good remaining bone stock, and B3 fractures around a loose implant with poor remaining 
proximal bone stock.   For fractures around a well fixed implant (B1), internal fixation with a plate 
with or without an allograft strut is recommended.   Obtaining stable proximal fixation is paramount, 
and the author prefers a lateral locked plate with a combination of unicortical locked screws and 
cables.  Cable fixation alone proximally is inadequate.  The need for a supplementary allograft strut is 
controversial.  The author currently individualizes the need for strut augmentation based on bone 
quality.  If a strut is used, it should be contoured with a high speed burr to provide good contact with 



host bone.  Orthogonal placement to the locked plate (strut anterior on the femur) is generally 
preferred since this avoids medial dissection.    
 
For fractures around a loose implant (Vancouver types B2 and B3) revision of the femoral 
component is recommended.  This strategy addresses both the loose component and the fracture 
and provides intrameduallary stability by virtue of the typically long stems used for revision.   
Attempting to plate these fractures around a loose implant typically leads to nonunion, since the 
unstable femoral component probably hinders stable proximal fixation.  Additionally, multiple distal 
screws and bony defects from failed hardware can compromise revision options.  Knowledge of 
specific revision techniques is necessary to effectively handle these challenging cases.  Thorough 
medical optimization is recommended preoperatively.  Good quality orthogonal radiographs are 
mandatory to evaluate the fixation status of the acetabular component and remaining acetabular 
and femoral bone stock.  If possible, the operative note from the original arthroplasty should be 
obtained.  The presence of pre-fracture hip symptoms, such as thigh or groin pain, can alert the 
surgeon to potential loosening of the components, if the radiographs are equivocal.  Radiographic 
signs of femoral component loosening included subsidence, cement mantle fractures, and complete 
radiolucencies at the bone cement interface.  Serologies such as sedimentation rates and C reactive 
proteins are of unknown benefit in the presence of an acute fracture.  If there is any concern of 
infection, a preoperative aspiration should be considered.   Generally, a culture result can be 
obtained within 48 hours while medical optimization is taking place.  Skeletal traction may be 
required for more unstable fracture patterns in this scenario.  In general, the author prefers to 
proceed based on intraoperative frozen section obtained from the membrane around the loose 
femoral component, not the fracture site itself.  If there is any concern of infection, all components 
and residual cement is removed, and an antibiotic cement spacer is made to provide some stability.  
The author prefers the use of a metal guide pin with a cement “nail” made utilizing antibiotic 
impregnated cement with 3 grams of Vancomycin and 2.4 grams of Tobramycin per 40 gram batch 
of cement.  The fracture fragments can be cerclaged around such a “spacer nail” to allow reasonable 
alignment of the fracture fragments.  A period of organism-specific intravenous antibiotics are given, 
and the revision is performed in a staged fashion.  
 
The specific femoral revision strategy chosen depends on the quality of the remaining bone stock, 
the diameter of the femoral canal distal to the fracture, and patient factors, such as age.   Many 
different surgical exposures can be useful for revision in this setting.  The author generally prefers a 
posterior approach because it is widely extensile.  The fracture lines can be used to remove cement, 
and cement restrictors.  If necessary, the proximal fracture fragment can be split coronally to allow 
access for stem removal and direct visualization of the distal canal to allow accurate reaming. The 
acetabular component is typically exposed after the femoral component is removed.  The liner is 
removed, if modular, and the acetabular component is manually tested for stability.  If it is loose, 
acetabular revision is performed.  A full discussion of acetabular revision methods is beyond the 
scope of this manuscript, however, in general, the use of a larger hemispherical acetabular 
component with screw augmentation is recommended.  If the acetabular component is well fixed, 
the liner is typically exchanged, and the head size increased, if possible, to allow improved hip 
stability.  Anecdotally, the author has noted that in the overwhelming majority of cases the 
acetabular component is well fixed in the setting of a femoral periprosthetic fracture. 
 
Attention is then turned to the femur.  Several strategies can be effective, but all rely on obtaining 
secure distal fixation.  Very, very rarely, cemented long stem revision is considered.  This can be 
useful in very osteopenic bone with capacious canals where obtaining a press-fit may be impossible.  
For example, a ninety year old patient with a fracture around a loose Austin Moore type 
hemiarthroplasty may be a candidate for long stem cemented fixation.  Generally, if the fracture is 
anatomically reduced and fixed with cerclage cables and if the cement is not vigorously pressurized, 



cement extravasation  through the fracture lines will not occur.   After cementation, intraoperative 
radiographs are recommended to determine if any problematic cement extravasation has occurred.   
It should be emphasized that cemented reconstructions are rarely useful in the setting of 
periprosthetic fractures.  The most effective strategies in the available literature have been 
documented with uncemented, distal fixation techniques, and these should be considered the 
reconstructions of choice. 
 
Several preoperative radiographic findings can help guide the selection of the appropriate 
uncemented reconstruction.  These include the endosteal diameter and morphology of the distal 
fragment.  If the distal fragment demonstrates parallel endosteal cortices with 5 centimeters or more 
of tubular diaphysis (usually with a diameter of less than 18 millimeters), then extensively coated 
uncemented long stem prostheses are appropriate, and have a good track record.  These types of 
stems have demonstrated excellent long term survivorship in the revision setting and for 
periprosthetic fracture situations as well.  The distal canal is reamed and a trial stem is potted into 
the distal fragment.  In general a slight under-ream (0.5 to 1mm) is appropriate for such stems, but 
for longer, curved stems, a line to line ream is appropriate, since there is inevitably a slight mismatch 
in femoral bow, which does provide some press-fit.  The proximal fragments can then be reduced 
using the trail as a template. The author prefers to select a trial one size smaller than the definitive 
implant, and use that trial as a guide to proximal fragment reduction.  Essentially, you build the 
proximal femur around a trial a few millimeters smaller than the real implant, then impact the slightly 
larger real implant to get a press-fit.  Cerclage cables are applied, and a trial reduction is performed.  
If leg length and stability are acceptable, the trial is removed and the real femoral component is 
impacted.  The cerclage calbles are then re-tensioned, crimped and cut.  The appropriate femoral 
head length is selected, and the reconstruction completed. 
 
If the distal diaphysis demonstrates divergent endosteal morphology, less than 5 centimeters of 
parallel endosteal cortex, or large endosteal diameters (typically over 18 millimeters), fluted grit 
blasted titanium tapered modular stems can be used effectively and efficiently.  These stems are 
commercially available in diameters up to 30 millimeters and can be useful in capacious canals.  It is 
wise to ream under fluoroscopic control and “by hand”, especially in osteopenic bone, in order to 
avoid anterior femoral cortical perforation.  Remember, one is reaming a straight cone into a bowed 
canal.  The typical malalignments are in varus and with anterior cortical impingement or perforation.  
When axial stability is obtained by diaphyseal reaming, the implant is impacted into place.  It is wise 
to place prophylactic cable at the mouth of the distal fragment prior to stem impaction.  The proximal 
bodies of the modular implants are then chosen to restore appropriate leg length, offset and hip 
stability.  After trialing the components are assembled and the hip reduced.  The proximal fragments 
are then reduced and cerclaged around the body of the implant.  The author finds this strategy 
effective for B2 and even some B3 fractures, however, concerns remain about the durability of the 
modular junction of such stems without proximal bony support.  The advantage of these modular 
constructs are the independent control of distal diameter, leg length, offset, and anteversion that 
make such reconstructions very time efficient. 
 
Rarely, the proximal bone is so deficient that a modular proximal femoral replacement (so called 
“tumor prosthesis”) is appropriate.  These are typically used in very osteopenic bone, therefore, 
cemented distal fixation is recommended.  Preserving a sleeve of remaining proximal bone, albeit 
deficient, can provide some soft tissue attachment and assist in maintaining a stable hip.  A coronal 
split (Wagner type) of the proximal bone can facilitate stem removal.  The implant is cemented into 
the distal fragment, and then the proximal sleeve of remaining bone and soft tissue can be cerclaged 
around the body of the prosthesis with cable or heavy braided suture.  It is important to note that if 
the abductors are deficient then the construct should probably include a constrained acetabular liner 
to minimize the risk of postoperative dislocation.  If the acetabular component is of sufficient 



diameter and a compatible constrained liner is not available, some surgeons have recommended 
cementing a constrained liner into a well fixed acetabular component.  Good containment of the 
locked liner by the acetabular component is required, and cup position should be acceptable.  
Contouring the backside of the liner to be cemented is recommended (if it is smooth) to allow 
cement interdigitation.   The author prefers to routinely add antibiotics to any cemented 
reconstructions in this setting in a ration of 1gram of Vancomycin powder to a 40 gram batch of 
cement. 
 
Vancouver C type fractures occur well distal to the femoral component, and the component is almost 
always well fixed.  The principles of fixation of these injuries are similar to those of a distal femur 
fracture.  The challenges include the stress riser concern of the femoral component above.  Some 
cadaveric data has demonstrated that if four diameters of diaphysis is available between 
supracondylar fixation and the tip of the femoral stem, then a short plate can be used without a 
significant stress riser effect.  However, this situation in clinically exceedingly rare.  The author 
prefers to bypass the femoral stem with the proximal part of the plate by about two cortical 
diameters.  I avoid drilling into the cement mantle around the stem laterally if possible.  The use of 
short retrograde nails should be discouraged in this setting. 
 
After revision or internal fixation, patients are mobilized postoperatively, and full weight bearing is 
typically delayed for 6 weeks until some radiographic healing is evident.  I generally allow 50% weight 
bearing with a walker, and at 6 weeks allow progression to full weight bearing.  For revised patients, 
and abduction brace with a 70 degree flexion stop is used if necessary to avoid hyperflexion and 
adduction that can cause problems with greater trochanteric and other proximal fragments. 
 
Orthopedic complications include dislocation, infection, leg length discrepancy, abductor limp, and 
mechanical failure or nonunion of proximal fragments.   With modern modular stems limb length and 
stability can be optimized through adjusting body height, offset, and version.  Abductor mechanism 
problems, however, have no good solution.   
 
 With the increasing numbers of older patients sustaining peri-prosthetic fractures around a total hip 
arthroplasty, the orthopedic traumatologist will have to be well versed in internal fixation and revision 
techniques.  Careful attention to detail and understanding the principles of revision are necessary to 
minimize complications and provide durable, stable reconstructions for these difficult problems. 
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Introduction 

 The number of primary hip and knee arthroplasties continues to rise.   
 The aging population, improved techniques and materials, and predictable results are some 

of the factors responsible.  The incidence of periprosthetic fractures will also rise. 
 Incidence of fracture after TKR: 0.3-2.5%.  Prevalence after 6 years is 1.8%. 
 Most common fracture about a TKR is the supracondylar femur fracture.  



 Local factors, such as osteolysis, implant loosening, and notching of the anterior femoral 
cortex have been associated with this fracture. 

 Periprosthetic fractures of the lower extremity are typically the result of low-energy 
mechanisms, such as simple falls.  High-energy mechanisms with multi-system involvement 
are unusual.  Patients are typically older and may have significant co-morbidities.  Poor bone 
quality and associated joint ailments are common findings. 

 Increasingly common are younger or older arthroplasty patients that are more physically 
active and exposed to higher energy injuries. 
The general approach to the management of any periprosthetic fracture should proceed as 
follows:  
1.   Assessment of the stability of the prosthesis. 
1. Assessment of the fracture characteristics, particularly, displacement and angulation, 

location relative to the prosthesis, comminution, and bone quality. 
2. Assessment of patient characteristics, particularly functionality, general medical 

condition, and associated injuries. 
 

FRACTURES AROUND TOTAL KNEE ARTHROPLASTY 
 
Supracondylar Femur Fractures 
Classification 

 Three types, using fracture displacement and prosthetic stability as variables:   
o Type I fractures are undisplaced with a stable prosthesis.   
o Type II fractures demonstrate displacement with a stable prosthesis.   
o Type III fractures are displaced fractures with a loose or unstable prosthesis. 

 

Treatment 
Nonoperative Treatment 

 Include the use of casts, cast-braces, and traction.  
 Nonop techniques are associated with higher rates of malunion, nonunion, complications of 

prolonged recumbency and the loss of pre-injury motion.   
 Present day indications are typically reserved for Type I undisplaced fractures, or for those 

patients who are unable or unwilling to tolerate a surgical procedure.  
 
Operative Treatment 

 Operative treatment techniques can be grouped into three main categories: 
o Medullary implants, including retrograde supracondylar nails, standard retrograde 

nails and flexible medullary nails. 
o Screw-plate implants, including condylar buttress plates, 95-degree angled blade 

plates, 95-degree dynamic condylar screws and fixed-angled screw-plate implants. 
o Revision total knee arthroplasty. 

 Successful management requires achieving satisfactory stabilization of the distal condylar 
fragment.  There are numerous factors that may complicate achieving this goal: 

o The capaciousness of the distal femoral canal. 
o Co-existing osteopenia secondary to age, pre-existing arthritic condition, stress 

shielding from the distal femoral implant, bone remodeling in response to the 
surgical implantation, cementation, etc. 

o Extreme distal fracture locations. 



o These conspire to allow toggling of the condylar fragment despite a locked medullary 
implant or complicate secure screw purchase with conventional implants, allowing 
loss of fixation and reduction.  

o Other challenges include patient comorbidities, location of previous surgical 
incisions, accurate assessment of patient functionality. 

 
Author’s Preferred Method 

 Locked distal femoral plating is the author’s preferred implant for these injuries.  
 The pre-operative plan should consider: 

o The potential need for polyaxial locking plate designs that may allow for avoidance 
(or purposeful interaction) with posts, pegs, cement, areas of reasonable quality 
bone 

o Identification of plate length.  This becomes increasingly important when associated 
with an ipsilateral total hip arthroplasty stem, metadiaphyseal comminution, and the 
potential for creating a stress riser at the location of the end of the stabilizing distal 
femoral implant. 

o A plan for augmentation of the condylar fixation should it become evident that large 
bone voids are present, eg, PMMA, drillable calcium phosphate bone substitutes, etc. 

o Open versus percutaneous reduction and fixation.  Open fixations are occasionally 
preferred in situations with altered femoral anatomy (bowing, previous fixations, etc.)  
Minimization of direct fracture comminution manipulation should be minimized. 
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I. Periprosthetic Acetabular Fractures 
a. Very little outcome data 
b. If standard or revision cup can be used and fracture heals, then results can be 

comparable to an acetabular revision surgery 
c. If acetabular reconstruction ring is necessary, then outcome will be less favorable, 

but subsequent revision may be less complicated if fracture heals. 
II. Periprosthetic Femur Fractures 

a. Vancouver B1 Fractures 
i. Excellent outcomes with lateral non-locking plates 
ii. Addition of anterior allograft strut confers more stability to the fracture, but 

may not be necessary in patients with good bone stock 
iii. Locked plating not advantageous except in osteoporotic bone 

b. Vancouver B2 Fractures 
i. Revision to a long stem cementless prosthesis results in predictable fracture 

healing 



ii. Augmentation of fixation  a lateral plate, allograft strut, or both may improve 
construct stability 

c. Vancouver B3 Fractures 
i. Long stem cementless components or impaction grafting have good results. 
ii. In cases of severe proximal femoral loss, a proximal femoral replacement is 

an option.  Dislocation, wound complications, and refracture occur at higher 
rate. 

d. Vancouver C Fractures 
i. Excellent results with non-locking (good bone quality) or locking (poor bone 

quality) plates (no anterior strut). 
III. Periprosthetic Fractures Above TKR 

a. Femur stable 
i. ORIF with locked plate has few complications (nonunion and malunion) 

compared to intramedullary nailing or non-locking plate 
ii. Intramedullary nailing with fewer complications than non-locking lateral 

plates, but malunion is frequent due to metaphyseal nature of fracture. 
b. Femur Loose 

i. Good bone stock 
1. Revision to a stemmed posterior stabilized or constrained TKR good 

option to avoid hinged prosthesis 
2. Results comparable to revision TKR 

ii. Poor bone stock 
1. Distal femoral replacement is a reasonable option, but long term 

concerns are implant loosening 
IV. Periprosthetic Tibia Fractures 

a. Limited data available. 
b. Fracture around unstable tibial component 

i. Revision is required and outcome should be similar to revision TKR 
c. Distal to stable total knee 

i. Treat with locking or standard plate. 
ii. Results should be comparable to treatment of similar fracture in non-total 

knee situation. 
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