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Introduction
Periprosthetic fracture of femur after total hip arthroplasty 
(THA) is a well known complication. Till recently this fracture 
was considered to be uncommon, however newer studies show 
a worldwide increase in its incidence due to rise in frequency of 
replacement surgeries among young and elderly age population 
[1-3]. In elderly patients due to preexisting osteoporosis and  
higher prevalence of medical comorbidities, the surgical 
procedure becomes more complex which further worsen the 
prognosis [4]. The true incidence of periprosthetic fractures is 
uncertain, Mayo clinic joint registry has reported 1.1% incidence 
of periprosthetic femoral fractures after primary THA and 4% 
incidence after revision THA [5]. 

Several local risk factors have been described including 
osteoporosis, rheumatoid arthritis and Paget’s disease which 
affect the quality and mechanical strength of the host bone. 
Cementless implants, malposition of the components, osteolysis, 
loosening and cortical stress risers also may increase the risk of 
fracture [6,7]. General factors such as female gender, medical 
comorbidities and higher ASA score were associated with a higher 
risk of periprosthetic fractures due to preexisting osteoporosis 
[7]. Intraoperatively, periprosthtetic fracture has been linked to 
increase use of uncemented femoral implants [8].

Management options varies from conservative to internal 
fixation with plates or cables and revision surgery in cases of 
loose prosthesis or poor bone stock. Satisfactory outcomes of 
any treatment depends on factors like degree of displacement, 
pre-existing osteoporosis, adequacy of bone stock, prosthesis 
stability and medical fitness of patient. It is often difficult to 
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ABSTRACT
Background: Periprosthetic fracture of femur after total hip arthroplasty (THA) is a well known 
complication. Mayo clinic joint registry has reported 1.1% incidence of periprosthetic femoral 
fractures after primary THA and 4% incidence after revision THA. This study was conducted to 
analyse the results of various methods of treatment of periprosthetic fractures following THA 
and to form the optimal treatment guidelines for fixation or revision surgeries. 

Material and Methods: Out of 4790 primary hip arthroplasty cases, a total of 51 fractures in 48 
patients were enrolled. The previous records and radiographs of the patients were retrieved and 
the type of periprosthetic fracture classified according to Vancouver classification developed by 
Duncan and Masri. Sequential x-rays of the hip were taken to assess union, osteolysis, implant 
loosening and subsidence. The time to union was recorded. 

Results: Vancouver Type B1 and type C fractures, managed with open reduction and internal 
fixation (ORIF) using 4.5mm, titanium, broad, locking compression plate (LCP) system. All the 
fractures of Vancouver B2 and B3 Type were managed with revision total hip arthroplasty 
using standard posterior approach to the hip. There was no increment seen in the pre-op and 
post-op HHS in Type B1 & C fractures. An increase in post-op HHS values was seen in revision 
group which increased around 6 points in B2 fractures and 9 points in B3 fractures. None of 
the patients improved their ability of walking after these fractures. 23 patients (48%) had not 
regained their pre-fracture walking status at the 6 month follow-up. 

Conclusion: If the prosthesis is stable, osteosynthesis with long LCP plate is superior to 
conventional plate. For loose prosthesis, revision surgery with long uncemented distally fitting 
stem is the preferred treatment.
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ascertain whether the previous prosthesis is well fixed or loose. 
These factors coupled with osteoporosis makes the success of 
internal fixation unpredictable. Similarly, revision surgery itself 
is a big challenge in the presence of periprosthetic fracture [8]. 

Furthermore, there is no general consensus over optimal 
treatment guidelines for management of periprosthetic fractures 
following THA [9]. Thus this study was conducted to analyse the 
outcomes of various methods of treatment of periprosthetic 
fractures following THA and to form the optimal treatment 
guidelines for fixation or revision surgeries. 

Material and Methods 
A retrospective analysis of all the cases of periprosthetic fractures 
of the femur following hip arthroplasty from the year 2007-2019 
was done. The study was conducted at high volume arthroplasty 
centre in northen part of India after approval of the institutional 
scientific & ethical committee. All the patients with intra-operative 
and post-operative periprosthetic fractures were included in 
the study with a minimum of one year follow up. Patient having 
incomplete previous records and who did not report for follow 
up were excluded from the study.

Out of 4790 primary hip arthroplasty cases, a total of 51 fractures 
in 48 patients were enrolled. Detailed history comprising 
primary diagnosis, primary implant, any pain or dysfunction 
prior to fracture, functional status in terms of Harris hip score, 
nature of trauma, interval between arthroplasty & fracture, any 
revision surgery and complication were noted. The previous 
records and radiographs of the patients were retrieved and the 
type of periprosthetic fracture classified according to Vancouver 
classification developed by Duncan and Masri [10]. Sequential 
x-rays of the hip were taken to assess union, osteolysis, implant 
loosening and subsidence. An implant was described as well 
fixed if there was an absence of radiolucent lines around the 
stem or progressive implant migration or subsidence [11]. The 
clinical outcome was assessed on the basis of patient mobility. 
The functional status using Harris Hip Score (HHS) before 
periprosthetic fracture was assessed from the records and 
compared with the latest follow-up. The goal of treatment was 
to obtain and maintain good postoperative fracture alignment 
and stability to allow early mobilization.

Statistical Analysis 
Statistical analysis was performed by the SPSS program for 
windows, version 17.0. Continuous variables are presented 
as mean and categorical variables are presented as absolute 
numbers and percentage. Data were checked for normality 
before statistical analysis. Normally distributed continuous 
variables were compared using the paired t-test whereas the 
Mann-Whitney U test was used for those variables that were not 
normally distributed. For all statistical tests, a p value less than 
0.05 was taken to indicate a significant difference.

Results 
Demographic Profile
There were a total of 51 periprosthetic fractures of the femur in 
48 patients which included 15 (31.25%) males and 33 (68.75%) 
females. The mean age was 60.94 years. Cases were followed-
up for a mean duration of 71.2 months (Range 12-120 months). 

Cause and Risk Factors of Periprosthetic Fracture & Time Interval 
Out of total 51 fractures, 45 were post-op fractures and 6 were 
intraoperative fractures. 39 occurred after a trivial fall, 3 fractures 
occurred spontaneously while turning in bed and 3 fractures 
occurred due to a road traffic accident. Reasons for primary 
hip replacement surgery were osteoarthritis (43%), avascular 
necrosis of the femoral head (29%), fracture neck of femur (25%) 
and inflammatory arthritis (3%). The periprosthetic fracture 
involved a primary THA in 37 cases, a revision THA in 3 cases and 
hemiarthroplasty in 11 cases. Local risk factors were identified 
in 70% of the fractures, principally osteoporosis (63%), followed 
by osteolysis (19%) and loosening of the stem (18%). The mean 
interval between the primary surgery and the fracture was 7.22 
years (Range 3 days to 31 years). 

The type of  fixation was cemented in 40(78.5%) cases, and 
uncemented fixation in 11(21.5%) cases (Figure 1). Around 90% 
of the patients were community ambulators before surgery. 10% 
patients were able to walk with only a walking stick.   

Figure 1: Type of Fixation (Cemented versus Uncemented)

Intraoperative Periprosthetic Fractures
Out of 6 (11.76%) intra-operative fractures, 2 occurred while 
doing a cemented hemiarthroplasty, 3 occurred while inserting 
a press fit uncemented stem and 1 during a revision surgery 
while removing a loose cemented implant. All these fractures 
managed with long stem prosthesis which crosses the fracture 
and augmented with SS wire encirclage.

Post-Surgery Periprosthetic Fractures
There were 40(78.5%) hips with cemented femoral components 
while 11 (21.5%) had uncemented stems at the time of fracture. 
There were 3 cases with bilateral Periprosthetic fractures (6 hips) 
(Figure 2).

Figure 2: Blateral periprosthetic Fracture Femur Right side 
Vancouver Type C and Left side B1.      

(A) Preoperative X ray (B) post operative X ray
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Based on initial radiological evaluation, no Type a fracture were 
recorded in our study. 39 (76.48%) fractures were recorded as 
Vancouver Type B. Type B1 constituted 20 (39.21%) fractures; 
Type B2 fractures were observed in 10 (19.6%) femurs while 9 
(17.64%) fractures were of Type B3. 12 (23.52%) fractures were 
Vancouver Type C. However during the surgery it was observed 
that loose stem in 5 Type B1 fractures. Thus these fractures 
were re-classified as Type B2 and surgical plan was changed 
intra-operatively. 

Vancouver B1 Fractures 
Out of 20 Type B1 fractures, 15 were managed with open 
reduction and internal fixation (ORIF) using 4.5mm, titanium, 
broad, locking compression plate (LCP) system (Figure 3). 5 type 
B1 factures found to be type B2 intraoperatively so managed 
accordingly. 

Figure 3: Periprosthetic femur fractures (vancouver type B1) was 
treated with a locking plate that spanned the entire interprosthetic 
zone. (A) preoperative, (B) postoperative.

Vancouver B2 Fractures 
The treatment of these fractures requires revision of the femoral 
component, because it is inherently unstable. This can be 
accomplished with an uncemented modular stem that allows 
for bypassing of the fracture site by at least two femoral cortical 
diameters.  The revision stem can then be augmented with cables 
and cortical allograft. All the fractures of B2 Type were managed 
with revision total hip arthroplasty using standard posterior 
approach to the hip (Figure 4). Extended trochanteric osteotomy 
(ETO) was done in 8 cases to ease the previous implant removal. 
Eight fractures were managed using a long fully porous coated 
uncemented Versys™ stem (Zimmer, Warsaw, Indiana). Four hips 
were implanted with Solution™ stem (DePuy, Warsaw, Indiana) 
and four with Wagner™ revision stem (Zimmer, Warsaw, Indiana).  

Figure 4: Periprosthetic femur fractures (vancouver type B2) was 
treated with Revision arthroplasty with a longer stem augmented 
by  encirclage wires. (A) preoperative, (B) postoperative 

Vancouver B3 Fractures 
For all Type B3 fractures, revision total hip arthroplasty using 
posterior approach to the hip was done (Figure 5). ETO was done 

in 8 femurs with cemented femoral implant. Due to extensive loss 
of bone stock in elderly and less active patients, proximal femur 
replacement(PFR) was kept as an option for treatment. 

Figure 5: Periprosthetic femur fractures (VANCOUVER TYPE B3)  
(A) preoperative, (B) postoperative

Vancouver Type C Fractures
All Type C fractures were also internally fixed using 4.5mm, 
titanium, broad, locking compression plate (LCP) system (AO-
Synthes®) (Figure 6). Nine fractures were fixed after an open 
reduction and three were plated using MIPPO (Minimally Invasive 
Percutaneous Plate Osteosynthesis. Bone grafting was done in 
four cases.

Figure 6: Periprosthetic femur fractures (VANCOUVER TYPE C)  
(A) preoperative, (B) postoperative

Follow up and Outcome 
The mean time to fracture union was 4.2 months. For B1 Type 
fractures the time to union was 3.8 months, 4.3 months for Type 
B2 fractures, 4.35 months for B3 fractures and 4.22 months for 
Vancouver Type C fractures. There was no superficial or deep 
infection in any patient. All the extended trochanteric osteotomies 
united. 

The mean HHS at the final follow up was 65.44. There was no 
increment seen in the pre-op and post-op HHS in Type B1 & C 
fractures and changed from 48.5 to 48.63 for B1 and from 61.75 
to 60.87 for Type C fractures. An increase in post-op HHS values 
was seen in revision group, which increased around 6 points in 
B2 fractures and 9 points in B3 fractures (Figure 7). None of the 
patients improved their ability of walking after these fractures. 
23 patients (48%) had not regained their prefracture walking 
status at the 6 month follow-up. The percentage of patients who 
were able to walk without support  decreased after the fracture 
from 36% to 12% (p < 0.001). The percentage of patients walking 
with the help of a walker frame increased from 15% to 27% (p < 
0.001). Interestingly among 17 patients who had been ambulatory 
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without aids, only 12 patients (25%) remained in this category; 
functional status worsen in all others (Table 1).

Figure 7: Pre-op, Post-op and Total Harris Hip Score

Table 1: Pre and post-fracture ambulatory status stratified by 
patient’s mobility classification

The mean duration of hospital stay for these patients was 9.62 
days. The mean duration for internal fixation only group was 6.7 
days while it was 9.8 days for revision arthroplasty group. The 
average duration of stay for those with bilateral fractures was 
19 days.

Fractures United After Secondary Fixation (Revision Fixation)
Two of the fractures Vancouver B2, which were managed with 
Versys™ stems, needed the augmentation of the fixation, using 
a broad 4.5 mm LCP plate to improve the rotational stability at 
the fracture site (Figure 8).

Figure 8: Periprosthetic femur fractures (VANCOUVER TYPE B2) 
(A) preoperative, (B,C) postoperative

Complications 
2 Type B1 fractures which were internally fixed with an LCP, 
had implant failure post-operatively, one at 4 months in a 69 
year old rheumatoid arthritis patient with a cemented stem 
and other in a 66 year old lady with cemented stem at 2 years 
after surgery. In both of these cases, the fracture had not united 
thus underwent revision arthroplasty with long wegner type 
stemsand wiring and later on did not come back for follow up.. 

One 63-year-old lady who sustained a Type C intra-operative 
fracture during uncemented press fit stem insertion and was 
managed with a LCP plate had non-union of the fracture at 1-year 
follow-up. The patient was unwilling for any further surgery. In 
revision replacement group, the most frequent complications was 
dislocation (4 patients). All were managed with close reduction 
and subsequently settled with 2 or 3 more dislocation episodes 
but did not undergo any revision surgery.

Discussion 
Periprosthetic fracture of the femur is one of the most serious 
complications of hip arthroplasty12. It is associated with 
significant morbidity, early mortality, poor surgical outcome and 
higher economic burden to the society [12,13]. Management 
of Vancouver type B fractures is still controversial and no fixed 
guidelines have been developed yet in the literature. While open 
reduction and internal fixation (ORIF) remains the mainstay of 
treatment for fractures around a well-fixed stem but with variable 
functional outcomes [14]. Thus it is paramount to identify the 
patient group who requires fixation or revision surgery as the 
primary mode of treatment. For better functional outcomes 
we recommend revision surgery with longer stems should 
be considered in patients with history of hip dysfunction or 
pain prior to fracture, fracture occurs due to trivial trauma, 
badly comminuted fracture configuration, poor bone stock or 
osteoporosis and previously cemented femoral stems.

Most of these fractures are caused just by a trivial fall in elderly 
population [15,16]. Larger interval between the index procedure 
and fracture itself is a known risk factor [13,17]. Both osteoporosis 
and old age are independent high risk factors for these fractures 
[18]. Out of 3 Periprosthetic fractures reported in our study, two 
had undergone the index surgery at young age and had a long 
interval between the surgery and the fracture during which the 
patients had reported to have lead an active lifestyle. Almost 
70% of the patients in our study were females, as reported in 
most studies [2,16]. 

Intraoperative periprosthetic femoral fracture incidence is 0.3% 
in patients undergoing primary cemented THA and 5.4% in 
those undergoing uncemented THA. The higher incidence for 
uncemented THA is likely to be related to the increased force 
necessary to obtain press fit prosthesis [2]. We had observed 
that around 80% of the fractures in our study occurred with a 
cemented stem.  This discrepancy is best explained by fact that 
most of the primary arthroplasties in our study population group 
were done for the fracture neck of femur and cemented hip 
prosthesis was used predominantly at our institution as it was 
more cost effective than uncemented prosthesis.

Lindahl et al in his study had observed that inadequate pre-
operative assessment could have been the cause of high failure 
rates of ORIF of Type B1 fractures as compared to the revision 
procedures in Type B2 fractures [17]. Thus we recommend eliciting 
the accurate history about ongoing hip pain or dysfunction 
before fracture, nature of the trauma and careful assessment of 
pre-operative radiographs or CT scan are utmost important to 
determine the implant loosening. Intra-operative fluoroscopy may 
also be quite helpful in determining the same and if there is still 
any doubt, the joint should be dislocated and the stability of the 
femoral implant should be tested. For the effective management 
of these cases, the recent literature favors the use of locked 
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compression plating which provides angular stability to these 
difficult fractures [14]. In our study, the mean time to union 
was 3.8 months. The cause of non-union in these cases could 
be diminished vascularity at the fracture site effectuated by 
loss of endosteal circulation due to cementation and periosteal 
blood supply due to the plate. Furthermore, cement mantle 
prevented adequate proximal fixation thus resulted in increased 
motion and strain at fracture site. These suboptimal conditions 
played a major role in the reported failures. If femur prosthesis 
is stable, bicortical proximal fixation (4 screws proximally & 8 
screws distally) with angular stable locking compression plates, 
minimal soft tissue dissection with or without cortical strut 
allograft and protected weight bearing are the keystones for 
successful outcome of internal fixation method. In contrast, any 
suspicion of femoral stem stability, unstable or badly comminuted 
fracture configuration with preexisting osteoporosis and inability 
to achieve adequate proximal fixation one must choose revision 
arthroplasty primarily as a viable option.

Periprosthetic fracture around a loose implant (Vancouver Type 
B2) is a big challenge to the patient as well as the surgeon. 
Revision arthroplasty with a long, distally fitting, fully porous 
coated stem for Type B2 fractures has been widely accepted 
as the choice of treatment [19-21]. In a series by McDonald et 
al, 14 fractures treated with a porous coated long stem with an 
average follow up of 99 months, recorded mean time to union 
as 4 months [22]. Mean time to union in this group in our study 
was 4.3 months. The mean HHS at the final follow-up was 73.66. 
Thus showed good functional outcomes of revision arthroplasty 
in this group as compared to Type B1.

Numerous methods are described in the literature for the 
management of B3 Type Periprosthetic fractures. These include 
cortical strut grafting, a distally fitting primary long stem, revision 
prosthesis, proximal femoral replacement and allograft-prosthesis 
composite, all with equivocal results [19,20]. In our experience 
with distally fitting, uncemented, fully porous coated, primary or 
revision prosthesis without any structural bone grafting yielded 
satisfactory results. All these fractures united at a mean of 4.35 
months. The mean HHS at the final follow-up was 69.85. 

Type C fractures are treated essentially like Type B1 fractures. 
Internal fixation with angular-stable, locking-compression plates 
are recommended [23]. There was one case of non-union at 1-year 
follow-up. This was an intra-op fracture around an uncemented 
press fit stem. The fracture was fixed with LCP plate without 
any bone grafting. Average time to union in this group was 4.22 
months. The mean HHS at the final follow-up was 65.66. Our 
results of Type C fractures were comparable to that available in 
the literature. 

The mean HHS for the fixation group (B1 & C) at the final follow 
up was 62.5, while in the revision group (B2 & B3) it was 72.31. 
Mulay et al. also reported a similar trend with relatively low final 
HHS [20]. The post-op HHS showed an increase from the pre-op 
values in the revision group as compared with the fixation group 
where no change was seen. The significance of this finding could 
not be determined. The main objectives to be emphasized in 
treating these fractures are fracture union and a diminished level 
of pain. Although unassisted ambulation is always a goal, several 
reports state that more than 50% will require a postoperative 
assistive device and have a limited ambulatory status [21].

Our study has few limitations: Small sample size and retrospective 
study with no comparison group were there to compare the type 
of treatment given for management of all periprosthetic fractures. 
Thus the fixed guidelines for management of periprosthetic 
fractures cannot be ascertained. However, our study prompts 
future studies to be performed on large cohort scales with large 
sample size and comparison groups. Our study showed the 
results with longest follow up (mean 71.2 months) with the 
type of treatment modalities given and suggested an algorithm 
of treatment options over management of these complex 
periprosthetic hip injuries.

Algorithm: Illustrating the Algorithm for Management of 
Periprosthhetic Fracture

Conclusion
Vancouver system of classification is useful to classify 
Periprosthetic fractures and forms a good basis for treatment. 
However in this classification system the fallacy lies for B1 
fractures. If the prosthesis is stable, osteosynthesis with long 
LCP plate is superior to conventional plate. For loose prosthesis, 
revision surgery with long uncemented distally fitting stem is the 
preferred treatment. Therefore the surgeon should be prepared 
for revision surgery even if the implant looks well fixed in the 
pre-op radiographs. We observed that the functional outcome 
of revision arthroplasty was better than fracture fixation. Thus, if 
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the surgeon is  doubtful about the stability of the implant, revision 
arthroplasty should be preferred over internal fixation.Our results 
demonstrate a high prevalence of risk factors, so future strategies 
of management should include fracture prevention with proper 
follow-up, especially in cases with periprosthetic osteolysis or 
osteoporosis. Moreover, the presence of local risk factors was 
associated with a poorer ambulatory status after the fracture 
healing.

Level of Evidence: Level Iv Study
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