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Abstract
Background
Vancouver B2 periprosthetic femur fractures have traditionally been treated with revision
arthroplasty. However, there is increasing evidence that open reduction and internal fixation (ORIF) may be
a valid alternative treatment strategy. The purpose of this study was to compare the outcomes of ORIF
versus revision arthroplasty for the treatment of Vancouver B2 fractures and evaluate the influence of the
treating surgeon’s fellowship training on treatment selection.

Methodology
This was a retrospective cohort study of 31 patients treated for Vancouver B2 periprosthetic fractures (16
ORIF and 15 revision arthroplasty) at a single academic Level 1 trauma center. Outcome measures included
one-year mortality, revision, reoperation, infection, and blood loss.

Results
There were no statistically significant differences in revision, reoperation, or infection at an average follow-
up of 65 weeks. Median estimated blood loss was higher in the arthroplasty group (700 cc versus 400 cc; P =
0.04). There were five deaths in the ORIF group versus one in the revision group (P = 0.18). Cases treated by
surgeons with fellowship training in arthroplasty were more likely to be treated with revision arthroplasty
(10/11, 90.9%) than those treated by surgeons with fellowship training in trauma (5/15, 33.3%; P < 0.01).

Conclusions
There was no difference in outcomes between the two treatment strategies, but revision was associated with
higher blood loss. The appropriate treatment method should be based on surgeon familiarity and
patients' characteristics.

Categories: Orthopedics, Trauma
Keywords: open reduction with internal fixation, total hip arthroplasty: tha, revision arthroplasty, periprosthetic
femur fracture, vancouver type b2

Introduction
The incidence of periprosthetic femur fractures continues to increase with the growing volume of total hip
arthroplasty (THA) [1-3]. The incidence approaches 5% at 15 to 20 years after primary THA [4]. These
fractures are associated with mortality rates similar to that of traditional hip fractures but with higher short-
term complications and reoperation rates [5-6].

The Vancouver classification for postoperative periprosthetic femur fractures is a validated method of
classification, which has traditionally guided the treatment of these fractures [4]. Periprosthetic fractures
that occur around the stem of the femoral component are classified as Vancouver B fractures. These fractures
are further classified into B1 if the femoral stem remains well fixed, B2 if the femoral stem is loose with good
remaining bone stock, and B3 if the stem is loose with poor bone stock [7-8]. Historically, the recommended
treatment for B1 fractures has been open reduction and internal fixation (ORIF), whereas the recommended
treatment for a B2 fracture has been revision THA in addition to ORIF of the fracture [9-10].

The optimal treatment for Vancouver B fractures has been called into question by multiple studies, with
ORIF alone demonstrating similar outcomes compared to revision THA for Vancouver B2 fractures [11-14].
Recent systematic reviews have now found similar reoperation rates for Vancouver B2 fractures treated with
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arthroplasty and ORIF [15]. Given similar no clear advantage to the outcome based on treatment selection
alone, surgical training is likely to play a significant role in developing the treatment strategies for these
complex fractures. The primary purpose of this study was to compare the outcomes of ORIF versus
arthroplasty for Vancouver B2 fractures (OTA 32A1 [IVB2]) while evaluating the surgical training bias of the
treating surgeon [16].

Materials And Methods
Forty patients treated with Vancouver B periprosthetic proximal femur fractures from 2007 to 2017 at a
single institution were retrospectively identified through queries of the electronic medical record after
institutional review board (IRB) approval. Demographic data, including age, gender, body mass index (BMI),
and Charlson Comorbidity Index (CCI), was collected. Radiographic Vancouver classification was
independently performed by both an arthroplasty and a trauma-trained surgeon using preoperative injury
radiographs. Classification, mode of treatment, and treating surgeon specialty were analyzed. Nine were
classified as B1 fractures, and 31 were classified as B2 fractures. Nine B2 fractures were confirmed by the
review of the operative report stating the stem was loose. The remaining 22 B2 fractures were identified by
agreement between the arthroplasty and trauma-trained surgeon upon review of the radiographs. Of the 31
patients with B2 fractures, 15 underwent revision arthroplasty and 16 were treated with ORIF. All patients
underwent a re-operation of their THA with either a hip revision arthroplasty or open reduction and internal
fixation of their hip. Nine patients received a cemented stem, and six patients received an uncemented stem.
The type of procedure, revision arthroplasty, or ORIF was decided at the discretion of the treating surgeon.

Outcomes included mortality, revision, and reoperation for any reason, infection, and estimated blood loss.
Fisher’s exact tests were used to evaluate associations between treatment modality and categorical
variables. Wilcoxon rank-sum test was used to evaluate associations between treatment modalities and
continuous variables.

Results
There were no statistically significant differences in revision, re-operation, or infection between
arthroplasty and ORIF at an average follow-up of 65 weeks. Additionally, there were no demographic
differences between the groups with regard to age, gender, body mass index (BMI), or CCI (Table 1). There
was one mortality in the arthroplasty group and five in the ORIF group (P = 0.18). There were two further re-
operations in the arthroplasty group, each patient underwent irrigation and debridement followed by a
revision arthroplasty, and one re-operation for aseptic femoral loosening three years following fixation in
the ORIF group in which this patient underwent a revision arthroplasty. Median estimated blood loss was
700 cc in the revision arthroplasty group compared to 400 cc in the ORIF group (P = 0.04), but the median
number of units transfused was statistically similar between revision arthroplasty (1 unit) and ORIF (0 units;
P = 0.25; Table 2).

Variable (Median)
Surgical procedure

P
Arthroplasty ORIF

Patients, n (%) 15 (48.39) 16 (51.61)  

Age (years) 79 77.5 0.97

Male, n (%) 7 (46.67) 8 (50) 0.99  

BMI 28.28 25.53 0.23

Charlson Comorbidity Index 4 4.5 0.26

TABLE 1: Demographics of Vancouver B2 femur fractures.
BMI, body mass index; ORIF, open reduction internal fixation
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Variable (n)
Surgical procedure

P
Arthroplasty, n (%) ORIF, n (%)

Patients 15 (48.39) 16 (51.61)  

Trauma training (20) 5 (33.33) 15 (93.75) <0.01*

Arthroplasty training (11) 10 (66.67) 1 (6.25) <0.01*

One-year mortality (31) 1 (7.14) 5 (31.25) 0.18

Infection (31) 3 (20) 2 (12.50) 0.65

Reoperation (31) 2 (13.33) 1 (6.25) 0.60

Revision (31) 2 (13.33) 1 (6.25) 0.60

Median estimated blood loss (mL or cc) (28) 700 400 0.04*

Median pRBCs transfused (25) 1 0 0.25  

TABLE 2: Comparison of surgical metrics and outcomes by repair procedure among Vancouver
B2 femur fractures.
*Significance at alpha = 0.05.

pRBCs, packed red blood cells

Cases treated by surgeons with fellowship training in arthroplasty were more likely to be treated with
revision arthroplasty (10/11, 90.9%) than those treated by surgeons with fellowship training in trauma (5/15,
33.3%; P < 0.01).

Discussion
Vancouver B2 fractures present a challenging problem to orthopedic surgeons. Recent evidence has
demonstrated a trend different from the historical dogma of universally treating B2 fractures with revision
arthroplasty, with research including systematic reviews showing similar results with revision arthroplasty
and ORIF [11-13,15]. This study demonstrates that surgical decision-making is heavily influenced by the
treating surgeons’ previous training. When Vancouver B2 fractures were treated by a trauma fellowship-
trained surgeon, 93.75% of those patients underwent ORIF as their definitive treatment despite the historical
teaching that these fractures require revision arthroplasty. However, despite this bias, there was no
statistically significant difference in outcomes between the two treatment strategies. However, the
arthroplasty group had greater estimated blood loss.

Mortality after surgical treatment of periprosthetic femur fractures is similar to that of native hip fractures
[6]. However, it is unclear if treatment strategy can modify this outcome. Bhattacharyya et al. described a
higher mortality rate in B2 fractures treated with ORIF citing weight-bearing status following treatment as a
possible contributing factor [17]. In contrast, Gitajn et al. retrospectively reviewed B2 fractures treated with
ORIF versus revision arthroplasty and found no difference in mortality concerning the treatment
method [18]. At the authors’ institution, it is common to allow full weight-bearing following ORIF of
periprosthetic femur fractures. Although there was no statistically significant difference, the trend
toward increased mortality in the ORIF group (5) over the revision group (1) does indicate this as an outcome
to further evaluate in future studies. Especially because the ORIF group was associated with lower blood
loss, and if a bias was present, those treated with ORIF would likely be less severe or displaced fractures.

Limitations to this study include its retrospective nature, limited study size, and relatively short follow-
up. Further, there was no characterization of the specific fracture patterns or prosthetic stem
types. Minimally displaced fractures or more extensively coated stems would theoretically be more amenable
to ORIF. It was not randomized, and treatment was influenced by the training of the treating
surgeon. However, treatment bias may also be influenced by who the patient was directed to for treatment
based on patient and injury characteristics that are difficult to capture. Radiographic loosening is subjective,
and there is a spectrum of findings that may be present. Such fractures are often treated by the on-call
surgeon at this institution, which depends on the day of the week, who is on call, and the complexity of the
case. For example, if a stem is grossly loose radiographically, it is probably more likely to be referred to an
arthroplasty surgeon from the outset. The converse is likely true with stems that may have shown only
subtle signs of loosening. Further, the true stability of the stem was not confirmed in the majority of cases
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and had to be inferred based on a radiographic classification. Of the nine stems that were confirmed loose in
the operative report, all were treated with revision. However, in every instance in which the operative report
noted a loose stem, this was treated by an arthroplasty surgeon. Additionally, there was one case of revision
for aseptic femoral loosening in the ORIF group, indicating stem ingrowth does not always occur with
fixation. Finally, the outcome measures of revision, mortality, infection, and blood loss do not capture
patient function or satisfaction, given the retrospective nature of the study.

Conclusions
Despite the limitations, this study demonstrates similar results of ORIF and revision arthroplasty with
Vancouver B2 fractures. While revision arthroplasty is still considered the gold standard, based on this study
and others, similar short- and midterm outcomes can be achieved with ORIF alone in select Vancouver B2
fractures. However, it is important to note that no randomized controlled trials compare the two options,
and this study and other published results are small series. The optimal treatment for the patient may also
depend upon the option that the treating surgeon is most comfortable with, the characteristics of the
fracture, the prosthetic stem in place, and the demographic or medical characteristics of the patient. Given
the lower blood loss, ORIF may be attractive in patients at particular risk of cardiovascular collapse. Further
research is necessary, with close attention to selection bias, to better understand the relationship between
surgical treatment and mortality. 

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Loyola University
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consent is not required: Use of identifiable information or identifiable biospecimens that have been or will
be collected for some other primary or initial activity, if the following criteria are met: (ii) information
recorded so the subject cannot be identified (directly or indirectly/linked); the investigator does not contact
subjects and will not reidentify the subjects; and (iii) collection and analysis involving investigators use of
identifiable health information when use is regulated by the Health Insurance Portability and Accountability
Act of 1996 (HIPAA) healthcare operations or research or public health activities and purposes. 2. The
Institutional Review Board (IRB) finds the following: (A) The use or disclosure of protected health
information involves no more than minimal risk to the individuals. (B) The alteration or waiver will not
adversely affect the privacy rights and the welfare of the individuals. (C) The research could not practicably
be conducted without the alteration or waiver. (D) The research could not practicably be conducted without
access to and use of the protected health information. (E) The privacy risks to individuals whose protected
health information is to be used or disclosed are reasonable about the anticipated benefits, if any, to the
individuals, and the importance of the knowledge that may reasonably be expected to result from the
research. (F) There is an adequate plan to protect the identifiers from improper use and disclosure. (G) There
is an adequate plan to destroy the identifiers at the earliest opportunity consistent with the conduct of the
research unless there is a health or research justification for retaining the identifiers, or such retention is
otherwise required by law. (H) There are adequate written assurances that the protected health information
will not be reused or disclosed to any other person or entity, except as required by law, for authorized
oversight of the research project or for other research for which the use or disclosure of protected health
information would be permitted by this subpart. 3. The IRB finds that in # 2 above and the conditions of
approval that the requirements detailed in 45CFR164.512i2 are met and the requirement for patient
authorization waiver is met. 4. This letter should be shown to medical records to allow the retrospective
chart review to begin. 5. Refer to the conditions of approval. Conditions of Approval: 1. Please review the
information section of this approval letter. You are required to review and adhere to the conditions of
approval as stated in this letter (refer to project summary) as well as the LUMC P-6 policy regarding access to
and release of patient information for research. For questions, you may contact the IRB office at extension
64608. 2. Institutional policy requires that patient-identifiable research data must be collected and stored in
a secured location. The medical center provides a centralized research server for this purpose. If you have
not already done so, please e-mail Joseph Koral (x67904, jkoral@lumc.edu) and request an account for this
server. In the request, please include all domain IDs of the individuals that require access to this resource. If
you have questions regarding information system security please contact Dan Smith (x68207, or
dasmith@lumc.edu). 3. You are bound by the usual and customary medical, legal, and ethical considerations
governing the confidentiality of the medical record. 4. The data you collect may not be sold or given to any
third party outside the scope of this submission unless it is to a journal for publication. Data to a journal for
publication must be de-identified. 5. The chart reviewed is to be identified on the data collection form by a
unique code number and the master list is kept under lock and key. If you are not collecting data elements
that can directly or indirectly identify the chart reviewed then this requirement is not relevant. 6. The link of
the patient to the project is to be destroyed when it is no longer necessary. This project has been determined
to be EXEMPT from the IRB review. There are no reporting requirements associated with this project. The
full board will review this determination on October 16, 2019. If the board disagrees with this action, you will
be notified by October 23, 2019. Animal subjects: All authors have confirmed that this study did not involve
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