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INTRODUCTION

In 1954, periprosthetic femoral fracture in association
with total hip arthroplasty (THA) was first reported1).
Since then, during the past decade, the number of patients
requiring THA has increased steadily in both younger
patients and the more active elderly population2). There
has been also a marked increase in hemiarthroplasty as
treatment for femoral neck fractures3). As a result, the
incidence of periprosthetic femoral fractures after hip
arthroplasty is increasing4). A recent study showed that
the incidence of periprosthetic femoral fracture is about
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1% after primary THA and 4.2% after revision THA5,6).
However, the treatment of periprosthetic femoral fractures
continues to challenge orthopaedic surgeons.

Successful treatment of such periprosthetic femoral
fractures varies from nonoperative procedures to extensive
revision surgeries7), and many studies about periprosthetic
fractures have been reported. However, there are few
studies which compared between status of patient
underwent hip arthroplasty before occurrence of
periprosthetic fracture and status of patient underwent
surgical treatment of periprosthetic femoral fracture.

In this study, we retrospectively reviewed consecutive
cases underwent surgical treatment for periprosthetic
femoral fracture after hip arthroplasty. The purpose of
this study was to compare preoperative clinical outcomes
before occurrence of periprosthetic femoral fracture
(status before trauma) with postoperative clinical outcomes
(status after operation) in patient with periprosthetic

femoral fracture after hip arthroplasty.

MATERIALS AND METHODS

1. Material

A retrospective review was performed of all
periprosthetic femoral fracture after THA or bipolar
hemiarthroplaty (BHA) treated surgically at our institution
from January 2010 to January 2014. Only patients with
complete medical record which included operation record
and follow-up scoring and preoperative, postoperative and
follow-up radiographs were included. Intraoperative
fractures, concomitant infection, and fracture related to
tumorous lesions were excluded. Patients with duration of
follow-up less than 24 months after primary hip
arthroplasty and surgical treatment for the periprosthetic
fracture and with non-union of the periprosthetic fracture

Table 1. Clinical Data of Patients Who Underwent Primary Hip Arthroplasty

Patient Gender Affected hip
Age at surgery Duration of follow-up

Primary diagnosis Arthroplasty(yr) before PF (mo)

01 Female Left 48 048 Avascular necrosis THA
02 Female Right 79 024 Femoral neck fracture BHA
03 Male Right 70 024 Femoral neck fracture BHA
04 Male Right 53 120 Avascular necrosis THA
05 Female Left 69 096 Femoral neck fracture BHA
06 Female Left 68 036 Femoral neck fracture BHA
07 Female Left 75 096 Femoral neck fracture BHA
08 Female Left 52 024 Femoral neck fracture BHA
09 Female Left 54 084 Metal failure* THA
10 Female Left 78 024 Femoral neck fracture BHA
11 Male Right 69 030 Femoral neck fracture BHA
12 Male Left 62 144 Avascular necrosis THA
13 Female Left 65 096 Avascular necrosis THA
14 Male Left 63 132 Avascular necrosis THA
15 Female Left 79 024 Femoral neck fracture BHA
16 Male Left 56 024 Femoral neck fracture THA
17 Female Right 72 048 Femoral neck fracture BHA
18 Male Left 80 030 Primary osteoarthritis THA
19 Male Right 69 024 Femoral neck fracture BHA
20 Male Right 71 030 Traumatic osteoarthritis THA
21 Female Right 90 024 Femoral neck fracture BHA
22 Female Left 88 024 Femoral neck fracture BHA
23 Female Right 90 024 Femoral neck fracture BHA
24 Female Right 53 108 Avascular necrosis THA
25 Female Right 75 036 Femoral neck fracture BHA
26 Female Right 69 120 Femoral neck fracture BHA
Mean 69.12 57.46

PF: periprosthetic fracture, THA: total hip arthroplasty, BHA: bipolar hemiarthroplasty.
* Failure of compressive hip screw fixation because of femoral intertrochanteric fracture.
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were also excluded for evaluation of clinical outcomes.
Fracture union was defined radiologically as formation of
callus on both anteroposterior and lateral radiographs8).
Ethical approvals were obtained from the institutional
review board of Chungnam National University School of
Medicine (CNUH 2015-07-011).

2. Classification and Decision-making of Surgical
Method

All operations including primary hip arthroplasty and
surgical treatment for the periprosthetic femoral fracture
were performed by a senior author. Decision-making for
surgical options based on the Vancouver classification9-13).
Twenty-nine patients who were categorized by Vancouver
classification were included. Three patients (2 Vancouver
type B1 fracture, 1 type C fracture) excluded because of
non-union of the fracture site. They underwent re-

operation for non-union at our institution. Union rate of
the periprosthetic femoral fracture after THA or BHA
was 89.7%. Therefore, 26 patients (9 males, 17 females)
were identified. The affected side was 12 patients in
right, 14 patients in left sides. Primary hip arthroplasty
procedures were 10 patients of cementless THA and 16
patients of cementless BHA. The primary diagnosis for
THA was avascular necrosis in 6 patients, femoral neck
fracture in 1 patient, metal failure (compressive hip
screw fixation due to femoral intertrochanteric fracture)
in 1 patient, primary osteoarthritis in 1 patient and
traumatic osteoarthritis (due to acetabular fracture) in 1
patient. And the primary diagnosis for BHA was
fracture of femoral neck in 16 patients. Among those
included in the analysis, the mean age at the time of the
primary hip arthroplasty was 69.1 years old (range, 48-
90 years) and the mean age at the time of the surgical
treatment for periprosthetic femoral fracture was 74.6

Table 2. Clinical Data of Patients Who Underwent Treatment for Periprosthetic Femoral Fracture

Patient
BMD, Vancouver Age at surgery for Lag time* Duration of follow-up after

OperationT score classsification PF (yr) (mo) the surgery for PF (mo)

01 –2.5 B3 53 053 60 Revision arthroplasty
02 –4.3 C 81 025 61 ORIF with plate and cable
03 –4.1 B1 72 026 60 ORIF with cable
04 –3.3 B2 64 130 48 Revision arthroplasty
05 –3.3 B2 78 106 48 Revision arthroplasty
06 –3.2 B2 71 040 47 Revision arthroplasty
07 –6.0 C 84 116 47 ORIF with plate and cable
08 –4.0 C 54 026 38 ORIF with plate and cable
09 –2.8 B3 61 090 36 Revision arthroplasty
10 –4.7 B2 80 030 36 Revision arthroplasty
11 –4.2 B1 72 032 36 ORIF with plate and cable
12 –3.2 B2 75 155 35 Revision arthroplasty
13 –3.7 B2 73 102 36 Revision arthroplasty
14 –3.5 AG 75 140 35 ORIF with cable
15 –3.3 C 82 027 34 ORIF with plate and cable
16 –2.9 B1 58 030 35 ORIF with cable
17 –3.5 C 76 050 36 ORIF with plate and cable
18 –3.6 AG 83 036 36 ORIF with cable
19 –2.7 B2 71 025 36 ORIF with cable
20 –2.9 B3 73 030 32 Revision arthroplasty
21 –4.4 B2 92 030 30 ORIF with cable
22 –4.4 B2 90 032 30 ORIF with cable
23 –4.1 B1 92 025 30 ORIF with cable
24 –2.7 B1 72 118 24 ORIF with cable
25 –2.8 B2 78 042 24 Revision arthroplasty
26 –3.4 B2 79 124 24 ORIF with cable
Mean 0–3.60 74.58 63.08 38.23

PF: periprosthetic fracture, BMD: bone mineral density, ORIF: open reduction and internal fixation.
* Lag time between primary hip arthroplasty and periprosthetic femoral fracture.
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years old (range, 53-92 years). The mean lag time
between the primary hip arthroplasty and periprosthetic
femoral fracture was 63.1 months (range, 25-155

months). According to Vancouver classification, there
were 2 type A (all type AG), 19 type B (5 type B1, 11
type B2, and 3 type B3) and 5 type C (Table 1, 2).

A B
FFiigg..  11.. (AA) A plain hip radiograph of a 72-year-old female with periprosthetic fracture following primary total hip arthroplasty
because of avascular necrosis of femoral head shows type B1 of Vancouver classification. (BB) She underwent open reduction
and internal fixation with the cables.

A B
FFiigg..  22.. (AA) A plain hip radiograph of a 72-year-old male with periprosthetic fracture following primary total hip arthroplasty
because of avascular necrosis of femoral head shows type B1 of Vancouver classification. (BB) He underwent open reduction
and internal fixation with NCB periprosthetic femur plate (Zimmer, Warsaw, IN, USA) and the cables.
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All patient in type AG fracture underwent cerclage
wiring alone using Dall-Miles cable (Stryker Orthopaedics,
Mahwah, NJ, USA). In the type B1 subgroup, 4 patients
underwent open reduction and internal fixation (ORIF)
with the cables (Fig. 1) and 1 patient underwent ORIF

with plate and cable (Fig. 2). In the type B2 subgroup, 7
patients underwent cementless stem revision with the
cables (Fig. 3) and 4 patients underwent ORIF with the
cables. In the type B3 subgroup, all 3 patients underwent
cementless longer stem revision with the cables. All 5

A B
FFiigg..  33.. (AA) A plain hip radiograph of a 72-year-old male with periprosthetic fracture following primary bipolar
hemiarthroplasty because of femoral neck fracture shows type B2 of Vancouver classification. (BB) He underwent revision
with U2 revision hip stem (United Orthopedic Corporation, Irvine, CA, USA) with the cables.

A B
FFiigg..  44.. (AA) A plain hip radiograph of a 84-year-old female with periprosthetic fracture following primary hemiarthroplasty
because of femoral neck fracture shows type C of Vancouver classification. (BB) She underwent open reduction and internal
fixation with Cable-ready bone plate (Zimmer, Warsaw, IN, USA) and the cables.
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patients of type C were treated by ORIF with plate (Fig.
4, Table 2).

3. Evaluation of Clinical Outcomes

The clinical outcomes were determined by using
visual analogue scale for pain (VAS), Harris hip score
(HHS), and ambulatory ability using Koval classification14).
All these parameters were assessed for all the included
patients at the last follow-up of status before trauma and
after operation. The ability was defined seven stages by
Koval classification as follows: 1) independent community
ambulation; 2) community ambulation with a cane; 3)
community ambulation with a walker or crutches; 4)
independent household ambulation; 5) household
ambulation with a cane; 6) household ambulation with a
walker or crutches; and 7) non-functional ambulation.

Bone mineral density (BMD) of all patients were
evaluated after the surgical treatment. We have been
evaluated BMD of patient with fracture around hip joint
(Table 2).

4. Statistical Analysis

The differences between pre- and postoperative
outcome measures were analyzed using the paired t-test
for continuous outcome measures. And, we analyzed the

correlation between the outcomes and age at the surgery
for primary arthroplasty or for periprosthetic fracture or
BMD using Pearson correlation. We rejected the null
hypotheses of no difference if the P-values were less
than 0.05. For the statistical analyses, we used the IBM
SPSS Statistics ver. 19.0 (IBM Co., Armonk, NY, USA).

RESULTS

The mean VAS, HHS, and ambulatory ability at the
last follow-up of status before trauma was 2.2 (range, 0-
4), 78.9 (range, 48-92) and 1.9 (range, 1-5), respectively.
The mean VAS, HHS, and ambulatory ability at the last
follow-up of status after operation was 3.1 (range, 1-5),
68.4 (range, 46-81) and 2.9 (range, 2-6), respectively.
The clinical outcome of VAS, HHS, and ambulatory
ability were significantly worsened after surgical
treatment for periprosthetic femoral fracture (P=0.010,
P=0.001, and P=0.002, respectively) (Table 3). And, all
patients had osteoporosis and the mean BMD was 3.6
g/cm2 (range, 2.5-6.0 g/cm2) (Table 2).

There were no correlation between age at the surgery
for primary arthroplasty or for periprosthetic fracture or
BMD and the final worsen outcomes (Table 4).

Table 3. Comparison Clinical Outcomes between the Status before Trauma and after Operation for Periprosthetic Femoral
Fracture

Outcome Before trauma After operation P-value*

VAS 2.15±±1.29 3.08±±1.20 0.010
HHS 78.88±±10.15 68.42±±11.63 0.001
Walking ability 1.92±±1.02 2.92±±1.13 0.002

Values are presented as mean±±standard deviation.
VAS: visual analogue scale for pain, HHS: Harris hip score.
Walking ability was evaluated by Koval classification
* Based on separate paired t-test; P<0.05 denotes statistical significance.

Table 4. Correlations between Worsened Outcomes and the Factors

Outcome Age for primary arthroplasty* Age for periprosthetic fracture* BMD*

VAS 0.509 0.673 0.629
HHS 0.451 0.563 0.586
Walking ability 0.098 0.102 0.567

BMD: bone mineral density, VAS: visual analogue scale for pain, HHS: Harris hip score.
Walking ability was evaluated by Koval classification.
* Based on Pearson correlation; P<0.05 denotes statistical significance.
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DISCUSSION

THA is an effective intervention for patients with
severe hip disease and have been shown to lead to
marked improvement in health outcomes15). Also,
hemiarthroplasty is the most commonly recommended
treatment for displaced intracapsular hip fractures in
elderly patients16). On account of significant benefits
realized with arthroplasty, the utilization rates of this
procedure have been increasing globally17). However,
patients who undergo arthroplasty take on the risks of
several serious implant-related complications including
dislocation, infection and periprosthetic fracture. Among
those risks, the incidence of periprosthetic femoral
fractures is increasing as a result of longer average
lifespan and increasing number of arthroplasty procedures
in older patients2-4). Therefore, orthopaedic surgeons
have encountered more often those fractures and treatment
of the fractures continues to challenge orthopaedic
surgeons. And the treatment outcome of periprosthetic
fractures has been coming into the picture. Consequently,
we would evaluate the clinical outcomes and asked
whether the clinical outcomes would be worsened after
surgical treatment of periprosthetic femoral fracture
comparing the outcomes before occurrence of periprosthetic
femoral fracture.

The Vancouver classification is widely used as it is
based on fracture location, implant stability and bone
quality. Moreover, the classification has been validated
and includes treatment algorithm11,12). However, this
treatment algorithm based on the Vancouver classification
lacks consideration of patient physiology and surgeon
experience, which are also important factors for deciding
treatment options18). Many studies presented orthopaedic
surgeons should not recklessly follow the routine
management algorithm18-20). Vancouver type B2 fractures
in this study underwent ORIF because of patients’ other
medical problems and general condition.

Several studies have found a union rate of periprosthetic
femoral fracture ranging from 75% to 100%21-25). Similarly,
this study showed union rate of the fracture was 89.7%.
Moreta et al.21) reported that fracture union had been
achieved in 92% of patients after the treatment (surgical
or not) by the end of the follow-up. Moore et al.22) in
their systematic review reported the union rate of
Vancouver B1 fractures treated without allograft strut
was 91.5%. García-Rey et al.23) reported all periprosthetic
fractures of Vancouver B2 and B3 fractures healed.

However, the clinical outcomes were poor, although the
fracture union achieved. Scholz et al.24) and Young et
al.25) reported postoperative mean HHS was 69.9 and
73.1, respectively. Although those studies did not
compare between preoperative HHS before the fractures
and postoperative HHS, the postoperative HHS was
quite low. Moreover, this present study shows similar
result that postoperative HHS was significantly
worsened from 78.9 to 68.4, in spite of union of the
fracture achieved. However, we could not find out the
factors worsened outcomes. Moreta et al.21) described
52% of the patients did not return to their previous
ambulatory levels. They reported there was no statistical
differences in the final outcome as a function of the type
of fracture, the method of treatment or the previous
comorbidities. Therefore, the factors influenced the
outcomes could be not simple and have not been come
out into the open.

There were several limitations to this study. First, this
study had a small cohort available for study. Therefore,
we could not evaluate the relationship between the
outcomes and the Vancouver classification or operative
methods. Second, this study could not account for patients
presenting to other medical problems such as hypertension,
diabetes, chronic kidney disease and general condition.
The clinical outcomes may be influenced by other
problems. Therefore, future study should evaluate
comorbidities and general conditions of patients such as
American Society of Anesthesiologists (ASA) physical
status classification26). Third, the study had a patient bias
due to geographical or institutional predominance.

CONCLUSION

Patients with periprosthetic femoral fracture after hip
arthroplasty could not return to their status before trauma,
although patients underwent appropriate surgical treatment
and the fracture union achieved.
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