
INTRODUCTION

Periprosthetic femoral fracture (PFF) after total hip arthro-
plasty (THA) is a rare but potentially serious complication
associated with high mortality when occurring in frail, elder-
ly patients1,2). PFFs are generally classified according to the
Vancouver system, which is helpful to clinicians in assess-
ing the severity of the fracture and in making decisions
about an appropriate treatment plan3-5). Vancouver type is
classified as A, B, or C according to the location of the frac-
ture and Vancouver type B is a fracture located around a
stem. Vancouver B1 implies a well-fixed stem, B2 a loose
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stem with good bone stock.
Open reduction and internal fixation (ORIF) is one of

the surgical options for treatment of PFF6-9). The goal of
ORIF is to provide immediate stability to the fracture, pro-
mote bone healing, and maintain the patient’s mobility10-12).
However, evidence from comparison of the outcomes of
ORIF for B1 and B2 PFFs is limited. B1 PFFs show a sta-
ble fracture pattern without significant bone loss, where-
as B2 PFFs are unstable and associated with bone loss,
which can make ORIF more challenging13-15).

Previous studies have reported varying outcomes for
ORIF in B1 and B2 PFFs. Some studies have suggested
that outcomes after ORIF are better for B1 PFFs than for
B2 PFFs4). Other studies have reported that no significant
differences in the outcomes of ORIF were observed between
B1 and B2 PFFs16-18). However, most of these studies includ-
ed small sample sizes, were retrospective, and the follow-
up periods were limited.

Relevant systematic reviews and meta-analyses are rare
due to variations in the method used for measurement and
the bone site evaluated. Thus, a meta-analysis was per-
formed by including all eligible cohort studies that eval-
uated results of surgery for PFF. Our aim was to (1) esti-
mate the pooled rate of nonunion, deep infection, and over-
all revision nonunion rate after surgery for PFF and (2)
compare these outcomes between Vancouver B1 and B2
PFF in patients who were treated using the ORIF technique.

MATERIALS AND METHODS

1. Search Methods for Identification of Studies

A comprehensive search of electronic databases was con-
ducted for identification of studies comparing the outcomes
of ORIF between B1 and B2 PFFs published from January
1990 to August 2022 according to the updated guidelines
of the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) protocols 2020 statement
(Supplementary Table 1)19). A search of multiple compre-
hensive databases, including MEDLINE (PubMed), EMBASE,
and Cochrane Library databases and KoreaMed for stud-
ies was conducted. The search strategy was developed in
collaboration with a librarian and an overview of the search
strategy is provided in Supplementary Material 1. Articles
that met the selection criteria (including prospective and ret-
rospective case-control studies) were included in the meta-
analysis. We contacted the authors of articles with insuffi-
cient or missing data as an attempt to obtain complete data.

Only a few relevant studies directly comparing Vancouver
B1 and B2 were identified in the initial search, thus single
cohort studies examining clinical results after ORIF of PFFs
were included.

2. Study Selection Criteria

All publications were categorized using EndNote X20
for Windows (Clarivate). Screening pertinent titles and
abstracts for studies was performed independently by two
reviewers (B.H.Y. and S.G.P.) and a search based on full-
text review was then performed. Discrepancies between
these two reviewers were resolved by a third reviewer
(Y.H.R.). Inclusion criteria were as follows: (1) Published
as an original article in English or Korean. (2) The study was
a comparative or single-cohort study examining the out-
comes for patients treated with ORIF for PFF; defined as
Vancouver B1 and B2. (3) At least one of the following main
clinical outcomes was reported: the incidence of nonunion
and infection.

Exclusion criteria were as follows: (1) the study includ-
ed only distal femur fractures (Vancouver C); (2) the study
included inter-prosthetic fractures or osteosynthesis of failed
fixation (non-union); (3) the study included periprosthetic
fracture after total knee arthroplasty or pathologic fracture;
(4) the study used national registry data; and (5) the article
was a review, expert opinion, case report, animal study or
basic science study.

3. Outcome Measures and Data Extraction

The primary outcome for this meta-analysis was the inci-
dence of reoperations, which was defined as cases requiring
at least one reoperation (osteosynthesis, irrigation/debride-
ment and revision arthroplasty)20). Performance of osteosyn-
thesis or revision surgery due to failure following osteosyn-
thesis in PFFs was regarded as nonunion. Surgical irriga-
tion and debridement without removal of osteosynthesis
was regarded as a deep infection.

For every eligible study, the following data were extract-
ed and entered into a spreadsheet by two reviewers (blind-
ed by the authors): the family name of the first author, year
of publication, inclusion period, country, number of patients,
type of fracture according to Vancouver classification, frac-
ture pattern (oblique, spiral, transverse, and comminuted),
fixation device, use of cortical strut bone graft, surgical tech-
nique, mean years after the index operation, sample char-
acteristics (age, sex ratio, body mass index).
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4. Quality Assessment and Publication Bias

Independent evaluation of the quality of all studies was
performed by two of the authors (B.H.Y. and S.G.P.), using
the Newcastle-Ottawa scales for observational studies and
discrepancies between these two reviewers were resolved
by a third reviewer (Y.H.R.). Begg’s funnel plot and Egger’s
test were used to assess the presence of publication bias.

5. Statistical Analysis

Pair-wise meta-analysis was performed from the articles
that examined the outcomes of both Vancouver B1 and B2.
The forest plots were generated with odds ratio (OR) and
95% confidence intervals (CIs) using a fixed-effect model
in all clinical outcomes.

Second, a proportion meta-analysis of data from all rel-
evant studies that reported the incidence of nonunion and
deep infection was performed. All patients included in the
selected studies were then divided into two groups, accord-
ing to Vancouver type (B1/B2), and heterogeneity between
the two groups was also calculated. Trials containing zero

cells are augmented with addition of 0.5 successes to each
arm.

The cortical strut bone graft, which provides better fix-
ation strength and enhances fracture-healing, could be an
important covariant to clinical outcomes. Therefore, we
attempted to perform an additional analysis by only includ-
ing studies that used a strut bone graft. However, a cortical
allograft augmentation was used where necessary (case
by case), thus performance of subgroup analysis was not
possible. Fracture pattern can also be regarded as another
covariant to union rate. However, the results were classi-
fied according to fracture pattern in only two studies, so that
performance of subgroup analysis was also not possible.

All analyses were performed using STATA software
(ver. 14.0; Stata Corporation). Because published data were
used in this study, ethical approval was not required.

RESULTS

1. Description of the Included Studies

The primary search of the databases yielded 871 records.

FFiigg..  11.. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram detailing the process of
selecting relevant clinical studies.
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After removal of duplicates, screening of 676 articles by title
and abstract was performed. As a result, 112 full-text arti-
cles were selected and reviewed for eligibility. A total of 39
studies were finally included in the systematic review (Fig.
1). Among 39 studies, 10 articles compared the results of
Vancouver B1 PFFs treated with ORIF with that of B2 PFFs,
and were included in a pair-wise meta-analysis4,6-9,16-18,21,22).
Twenty-five single cohort studies1,2,5,20,23-43) reported outcomes
after surgery for treatment of Vancouver B1 PFFs, and four
single cohort studies with Vancouver B244-47). The studies
identified for the meta-analysis included 1,348 femurs: 917
Vancouver B1 PFFs, and 431 Vancouver B2 PFFs (Table 1).

2. Pairwise Meta-Analysis of Comparative Studies 

From the results of meta-analysis on ten comparative stud-
ies, no differences in reoperation rate (OR, 0.82; CI, 0.43-
1.55; P=0.542) (Fig. 2A) and nonunion rate (OR, 0.49; CI,
0.22-1.10; P=0.085) (Fig. 2B) were observed between the
two groups. Deep infection rate also did not differ between
the two groups (OR, 1.89; CI, 0.48-7.46; P=0.361) (Fig.
2C).

3. Incidence of Reoperation

According to the results of proportion meta-analysis,
the pooled prevalence of reoperation was 9% (95% CI,
6-12) from all studies; 9% (95% CI, 6-12) in Vancouver
B1 PFFs and 8% (95% CI, 2-15) in Vancouver B2 PFFs
(Supplementary Fig. 1). No significant difference in reop-
eration rate was observed between the two groups (hetero-
geneity between the two groups [Q], P=0.772).

4. Incidence of Nonunion

According to the results of proportion meta-analysis, the
pooled prevalence of nonunion was 4% (95% CI, 3-5) from
all studies; 4% (95% CI, 3-6) in Vancouver B1 PFFs and
4% (95% CI, 1-6) in Vancouver B2 PFF (Supplementary
Fig. 2). No significant difference in nonunion rate was
observed between the two groups (Q, P=0.678).

5. Incidence of Deep Infection

According to the results of proportion meta-analysis,
the pooled prevalence of deep infection was 3% (95%
CI, 2-4) from all studies; 2% (95% CI, 1-3) in Vancouver
B1 PFFs and 4% (95% CI, 2-7) in Vancouver B2 PFFs
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(Supplementary Fig. 3). No significant difference in deep
infection rate was observed between the two groups (Q,
P=0.130).

6. Quality Assessment and Publication Bias

After evaluation of methodologic quality, the mean value
of awarded stars was 6.4 (five stars [1 study], six stars [21
studies], seven stars [17 studies]) (Supplementary Table 2).
The Begg’s funnel plot was symmetrical, and the P-values
for bias showed no significance for all outcomes (Fig. 3).

DISCUSSION

Discussion of periprosthetic fractures can include many

aspects such as their epidemiology, classification, and treat-
ment. ORIF can be applied as a viable treatment option
for both B1 and B2 PFFs; however, there are challenges
due to the presence of the prosthesis, which are primarily
endured by elderly patients with osteoporosis26,32). We exam-
ined the outcomes by focusing on the rate of union and
deep infection of PFF after THA.

The results of our meta-analysis showed that ORIF can
be regarded as an acceptable treatment for B1 and B2
PFFs, and shows satisfactory outcomes in terms of non-
union; 4% (95% CI, 3-6) in Vancouver B1 PFFs and 4%
(95% CI, 1-6) in Vancouver B2 PFFs. While B2 fractures
are generally regarded as more complex and unstable than
B1 fractures, several studies have demonstrated that sim-
ilar outcomes can be achieved with use of ORIF in both

FFiigg..  22.. The risk was calculated as odds ratios in patients who underwent open reduction and internal fixation between Vancouver
B1 and B2 fracture. (AA) Overall reoperations. (BB) Nonunion. (CC) Deep infection.

A

B

C
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FFiigg..  33.. Begg’s funnel plot and P-value by Egger’s test indicate publication bias. There was asymmetry, but there was no sig-
nificant publication bias. (AA) Overall reoperations. (BB) Nonunion. (CC) Deep infection.

A

B
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groups of patients, particularly when using cemented stems.
A study by Slullitel et al.21) comparing the outcomes of
ORIF in B1 and B2 PFFs reported that no significant dif-
ferences in the revision rate, functional outcomes, or com-
plication rates were observed between the two groups.
Similarly, a study by Powell-Bowns et al.6) reported that all
Vancouver B fractures located around Exeter stems could
be managed with fixation as opposed to revision arthro-
plasty when the bone-cement interface was intact and the
fracture could be reduced. Many studies have reported non-
inferior outcomes of ORIF for management of B2 PFFs,
with the advantage of a shorter operating time, lower blood
transfusion rate, and overall fewer complications26,48). For
example, ORIF, which can preserve the existing implant
and provide good functional outcomes, may be preferred
in treatment of stable B2 fractures with a good bone stock
and minimal implant loosening49-51). Thus, there is potential
for selection bias in the included studies reporting outcomes
of ORIF in Vancouver B2 PFFs44-46). We suggest that clin-
icians interpret the results of individual studies, with a par-
ticular focus on the decision to perform ORIF in B2 frac-
tures, which is typically made on a study-by-study basis.

Deep Infection is another potential devastating complica-
tion resulting in major morbidity for the patient; the report-
ed risk of infection after PFF ranges from approximately
2% to 10%52,53). According to the results of our meta-analy-
sis, pooled prevalence of deep infection was 3% from all
studies and no significant difference in the OR of postop-
erative deep infection was observed between B1 and B2.
While use of ORIF in management of B2 fractures may
require more extensive dissection and may be associated
with a longer recovery time, there is no evidence to suggest
that development of a deep infection is more likely when
compared with B1 fractures. However, the actual rate of
infection may be even higher in certain patient populations,
such as those with previous infection or multiple revision
surgery; therefore, surgeons have also noted that this risk
should be minimized54,55).

In past years, PFFs after hip arthroplasty, particularly in
elderly patients, were associated with extremely high rates
of mortality and morbidity. This may be due to a combina-
tion of factors, including the age and frailty of the patient,
and the potential for reoperation such as infection or nonunion.
According to the results of our meta-analysis, the pooled
prevalence of reoperation was 9% (95% CI, 6-12) from all
studies, which is in agreement with promising results from
recent studies48,56). In recent decades, there have been signif-
icant advancements in orthopedic surgery techniques and

implants including management of PFF for elderly patients5,25,28,33).
Thus, because treatment of PFFs can be challenging, it is
important for the surgeon to approach the procedure with
confidence and diligence.

The current study has several limitations. First, outcomes
can be influenced by other factors including quality of the
bone stock, use of cerclage cables or wires, and the surgi-
cal skill and experience of the treating surgeon; however,
we were not able to adjust for all covariables. Second, the
heterogeneities of the pre-implants, follow-up period, enroll-
ment time after fracture, and variable outcomes were also
limitations of this meta-analysis. Third, evaluation of other
outcomes such as functional scores or mortality was not
performed in this meta-analysis. Fourth, there is a difference
in the number of included studies between the two groups.

CONCLUSION

In conclusion, ORIF is an acceptable treatment for B1
and B2 PFFs, and satisfactory outcomes have been achieved
in terms of nonunion, infection, and reoperation. The results
of this study would be helpful to clinicians and provide
baseline data for use in conduct of additional studies for
validation of PFF.
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