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Treatment Results of a Periprosthetic Femoral
Fracture Case Series: Treatment Method for
Vancouver Type B2 Fractures Can Be Customized

Takahiro Niikura, MD, Sang Yang Lee, MD, Yoshitada Sakai, MD,
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Background: Currently, an algorithmic approach for deciding treatment options according to the Vancouver classification is wide-
ly used for treatment of periprosthetic femoral fractures after hip arthroplasty. However, this treatment algorithm based on the
Vancouver classification lacks consideration of patient physiology and surgeon’s experience (judgment), which are also important
for deciding treatment options. The purpose of this study was to assess the treatment results and discuss the treatment options
using a case series.

Methods: Eighteen consecutive cases with periprosthetic femoral fractures after total hip arthroplasty and hemiarthroplasty were
retrospectively reviewed. A locking compression plate system was used for osteosynthesis during the study period. The fracture
type was determined by the Vancouver classification. The treatment algorithm based on the Vancouver classification was gener-
ally applied, but was modified in some cases according to the surgeon’s judgment. The reasons for modification of the treatment
algorithm were investigated. Mobility status, ambulatory status, and social status were assessed before the fracture and at the
latest follow-up. Radiological results including bony union and stem stability were also evaluated.

Results: Thirteen cases were treated by osteosynthesis, two by revision arthroplasty and three by conservative treatment. Four
cases of type B2 fractures with a loose stem, in which revision arthroplasty is recommended according to the Vancouver clas-
sification, were treated by other options. Of these, three were treated by osteosynthesis and one was treated conservatively. The
reasons why the three cases were treated by osteosynthesis were technical difficulty associated with performance of revision
arthroplasty owing to severe central migration of an Austin-Moore implant in one case and subsequent severe hip contracture
and low activity in two cases. The reasons for the conservative treatment in the remaining case were low activity, low-grade pain,
previous wiring around the fracture and light weight. All patients obtained primary bony union and almost fully regained their prior
activities.

Conclusions: We suggest reaching a decision regarding treatment methods of periprosthetic femoral fractures by following the
algorithmic approach of the Vancouver classification in addition to the assessment of each patient’s hip joint pathology, physical
status and activity, especially for type B2 fractures. The customized treatments demonstrated favorable overall results.
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ral fractures will continue to increase.

Treatment of these fractures can be challenging in
a patient population that typically presents with many co-
morbidities. However, surgical treatment is often preferred
over nonoperative treatment. Osteosynthesisz"” and revi-
sion arthroplasty’” are the options for surgical treatment.
Osteosynthesis is challenging owing to the limited space
available for screw insertion, because the stem and cement
mantle exist in the femoral bone. Previously, fixation of
periprosthetic femoral fractures was performed using vari-
ous compression plates, wires and allografts or a combina-
tion thereof ™ and was then succeeded by the introduc-
tion of locking plates. Recently, clinical applications and
results of locking plate fixation have been reported.*"*

Periprosthetic femoral fracture treatment decisions
depend on five important factors: fracture location, sta-
bility of implant and fracture, quality of host bone stock,
patient physiology, and surgeon experience.””” Among
these five important factors, the first three can be judged
by radiographs and are well classified by the Vancouver
classification."¥ An algorithmic approach for deciding
treatment options based on the Vancouver classification
is recommended."” Briefly, type A fractures located at
the trochanteric region are mainly treated by conserva-
tive means, and surgery is indicated for limited cases only.
Type B1 fractures with a well-fixed stem are indications
for osteosynthesis among type B fractures located around
the stem, while type B2 and B3 fractures with a loose stem
are indications for revision arthroplasty. Type C fractures
located distal to the stem are treated by ignoring the stem
and managing the fracture.

However, the final two important factors, i.e., patient
physiology and surgeon experience (surgeon’s judgment),
are not reflected by the Vancouver classification, but
should also be considered when deciding the treatment
method. In this study, we retrospectively reviewed a con-
secutive case series of periprosthetic femoral fractures. We
describe the clinical and radiological results and discuss
the decision-making process for the treatment options.

METHODS

Eighteen consecutive cases were retrospectively analyzed,
involving seventeen patients with periprosthetic fractures
of the femur after total hip arthroplasty (THA) and hemi-
arthroplasty who were treated in our hospital from July
2005 to May 2012. The study was approved by the Ethics
Committee of our institute.

The patient characteristics, treatment methods and
clinical results were investigated by reviewing the medical

charts. The treatment methods included conservative and
surgical treatments. The surgical treatments comprised
osteosynthesis and revision hip arthroplasty. Mobility
status, ambulatory status, and social status were assessed
for all patients before the fracture and at the latest follow-
up. Mobility status was assessed using the Parker mobility
score.”” Ambulatory status was assessed by five categories:
non-ambulatory, with walker, with crutch, with cane, and
no aids."” Social status was assessed by patient autonomy
and place of residence and assessed by four categories: at
home without support (independent), at home with care-
giver support, at hospital, and at nursing home. Operation
time, intraoperative bleeding and blood transfusion were
assessed for the surgically treated patients. Complications
and mortality were assessed for all patients.

The periprosthetic fractures were by reviewing ra-
diographs classified by the Vancouver classification'® and
the Johansson classification.”” Diagnosis of loosening was
necessary for the Vancouver classification, but difficult
for the Austin-Moore hemiarthroplasty stem. Fractures
disrupting the three-point fixation of the stem were di-
agnosed as leading to a loose stem.”” Bony union, loss of
reduction, malunion, and implant-related complications
were assessed.

RESULTS

One man and sixteen women were included with a mean
age (£ SD) of 77.9 + 9.1 years. The previous hip arthro-
plasty procedures were two cases of cemented THA, four
of cementless THA, one of cementless revision THA, six of
cementless bipolar hemiarthroplasty, and five of cement-
less monopolar (Austin-Moore) hemiarthroplasty. The
mean duration from hip arthroplasty to periprosthetic
femoral fracture was 11.5 + 12.3 years. The mean follow-
up period was 18.4 + 14.2 months.

The fractures were classified as one type AG, six
type B1, six type B2, and five type C by the Vancouver
classification and as ten type I, three type I, and five type
III by the Johansson classification. Thirteen fractures were
treated by osteosynthesis, two patients by revision arthro-
plasty, and three patients by conservative treatment. All
six type BI, three of six type B2, and four of five type C
fractures classified by the Vancouver classification were
treated by osteosynthesis. Two cases of type B2 fractures
were treated by revision arthroplasty. One case each of
type AG, B2, and C fractures were treated by conservative
treatment (Table 1).

During the study period, a locking compression
plate (LCP) system (Synthes, Tokyo, Japan) was used for
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Table 1. Patient Characteristics and Treatment Information

Case ~ Sex  Agelyr) Vancouver cilaoshs?fri]cs:ggn Treatment method Sgir?rﬂionr; lntJtI?;dpiﬁ;a(tg;e transtlsggr? (unit)

1 F 64 B1 I Narrow LCP 105 120

2 F 63 B1 | Reversed LCP-DF 66 50

3 F 80 B2 I Narrow LCP 205 615 4

4 F 72 B1 I Narrow LCP-DF 81 20

5 F 82 B1 I Reversed LCP-DF 68 20

6 F 84 € I1l LCP-DF 105 75

7 M 75 B1 I Reversed LCP-DF 79 160

8 F 91 C I1l LCP-DF + cable 147 55

9 F 69 B1 Il Reversed LCP-DF + cable 200 217
10 F 88 © Il LCP-DF + cable 121 300 2
" F 82 B2 I Narrow LCP A 150 2
12 F 86 B2 | Reversed LCP-DF 182 405 2
13 F 88 C Il LCP-DF + cable 198 305
14 F 73 B2 | Revision arthroplasty 138 535 Auto 2
15 F 69 B2 I Revision arthroplasty 150 2470 12
16 F 69 € I1f Conservative
17 F 91 B2 I Conservative
18 E 77 Aq | Conservative

LCP: locking compression plate, DF: distal femur, Auto: autologous blood transfusion.

all osteosynthesis cases. The LCP cable system was applied
to four patients. The used implants were: three narrow
LCP, one LCP-distal femur (LCP-DF), three LCP-DF +
cable, five reversed LCP-DEF, and one reversed LCP-DF +
cable (Table 1). All osteosynthesis cases obtained primary
bony union. The mean time from surgery to bony union
was 4.8 + 1.8 months. There were no cases with loss of
reduction and malunion. There were no severe implant-
related complications, such as implant breakage. There was
one case of partial screw pull-out in a patient without use
of cable fixation in a proximal fragment, although bony
union was obtained and the postoperative course was un-
eventful. Three cases of type B2 fractures were treated by
osteosynthesis because of its technical difficulty associated
with the performance of revision arthroplasty owing to a
severe central migration of an Austin-Moore implant and
a subsequent severe hip contracture in one case (case 3)
(Fig. 1) and low activity (bedridden or wheelchair-bound
with total aid) in two cases (cases 11 and 12) (Table 2).

Two cases with type B2 fractures were treated by
revision arthroplasty. One case was an active patient who
could walk without aid before the fracture (case 14). The
patient was treated by wiring of the fracture site and revi-
sion with a cementless longer stem (Fig. 2). The other case
demonstrated gross instability of the stem owing to a frac-
ture of a large proximal fragment (case 15). The patient
was treated by wiring of the fracture site and revision with
a cemented stem. The fracture locations were classified as
type I by Johansson classification in both cases. The post-
operative courses were uneventful in the revision arthro-
plasty cases.

The mean operation time was 125.2 + 54.5 minutes
for the osteosynthesis cases and totals of 138 and 150 min-
utes for the revision arthroplasty cases. The mean intraop-
erative bleeding was 190.2 + 177.1 g for the osteosynthesis
cases and totals of 535 and 2,470 g for the revision arthro-
plasty cases. Blood transfusion was performed in four of
13 osteosynthesis cases and one of two revision arthro-
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plasty cases. Autologous blood transfusion was performed
in one revision arthroplasty case (Table 1).

One case each of type AG, B2, and C fractures was
treated by conservative means. The type C fracture was an
incomplete fracture and not accompanied by any displace-

ment (case 16). The type B2 fracture was accompanied by

stem sinking, but a conservative treatment was selected
because of low activity, low-grade pain, previous wiring
around the fracture, and light weight (case 17) (Fig. 3,
Table 2). The type AG fracture was not accompanied by
displacement and the patient rapidly recovered its activity
(case 18).

There were no incidences of infection and intraop-

Fig. 1. Case 3: An 80-year-old woman. (A) Substantial sinking of an
Austin-Moore stem was observed and the fracture was judged to be
Vancouver type B2. (B) This patient was treated by an osteosynthesis
using a locking plate instead of revision arthroplasty because of technical
difficulty of performing revision arthroplasty owing to severe central
migration of an Austin-Moore implant and subsequent severe hip
contracture. (C) Sixteen months after the osteosynthesis. Bony union was
obtained and her previous walking ability was recovered.

erative mortality. There were two cases of early postopera-
tive mortality at 3 and 5 months postoperatively (cases 10
and 13, respectively). Mobility status, ambulatory status
and social status were almost the same between before the
fracture onset and at the latest follow-up for all patients
(Table 3).

DISCUSSION

The Vancouver classification system is reported to be reli-
able and valid.”” Currently, an algorithmic approach for
deciding treatment options according to the Vancouver
classification is widely recommended."” However, this
treatment algorithm based on the Vancouver classifica-
tion lacks consideration of patient physiology and surgeon
experience, which are also important factors for decid-
ing treatment options."”’ Park et al.* suggested custom-
tailored treatment according to the general medical condi-
tion of the patient in addition to stem stability and fracture
configuration. They stated that physicians should not
blindly follow the routine management algorithm.
Recently, a locking plate has been applied to the
treatment of periprosthetic fractures of the femur after hip
arthroplasty and the clinical results have been reported to
be satisfactory. Although fixation by a locking plate alone
was reported to have limitations, and addition of a cable or
wire was recommended in some recent reports,'** type
B1 and C fractures are currently becoming widely treated
by locking plate systems. We treated all of our type B1 and
C fractures by osteosynthesis using a locking plate system,
except of one case with a non-displaced type C fracture
and the clinical results were satisfactory. The minimally
invasive plate osteosynthesis technique can be applied
using a locking plate for applicable cases and allows less
surgical stress. Less surgical stress is beneficial, especially
in the treatment of elderly patients. There was one case
of partial screw pull-out in a patient without use of cable
fixation in a proximal fragment, although bony union was

Table 2. Type B2 Fracture Cases Treated by Methods Other than the Treatment Method Recommended by the Vancouver Classification

Case  Age (yr) cl\?sr;%?::t?czn Tregy{}gﬂygf;gggg%%?;g‘t?gged Treatment method selected Reason
3 80 B2 Revision arthroplasty Osteosynthesis Technical difficulty of performing
revision arthroplasty
11 82 B2 Revision arthroplasty Osteosynthesis Low activity
12 86 B2 Revision arthroplasty Osteosynthesis Low activity
17 91 B2 Revision arthroplasty Conservative Low activity, low-grade pain, previous

wiring, light weight
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Fig. 2. Case 14: A 73-year-old woman. (A)
The patient had undergone a cementless
total hip arthroplasty on her left hip for
treatment of osteoarthritis. (B) A fracture
occurred after a fall. Sinking of the stem
was observed and the fracture was
judged to be Vancouver type B2. (C) Three
years after the revision arthroplasty.
Wiring and stem revision was performed,
and her previous walking ability was
recovered.

obtained and the postoperative course was uneventful. We
used reversed LCP-DF in this case, and the short locking
screws inserted to the greater trochanter demonstrated a
partial screw pull-out. Lag screw fixation maintained the
stability although the partial screw pull-out of a neutraliza-
tion plate was observed. We suggest adding a cable or wire
fixation if only short screws can be inserted to the proxi-
mal fragment especially for greater trochanter and in cases
with very poor bone quality.

Type B2 fractures with a loose stem are recom-
mended for the treatment by revision arthroplasty accord-
ing to the treatment algorithm based on the Vancouver
classification. Although we performed revision arthroplas-
ty for two cases, we selected locking plate fixation for three

Fig. 3. Case 17: A 91-year-old woman.
(A) Cementless bipolar hemiarthroplasty
was performed for treatment of a femoral
neck fracture. Wiring was performed
at the surgery. (B) A fracture occurred
after a fall. Sinking of the stem was
observed and the fracture was judged to
be Vancouver type B2. (C) Four months
after the fracture. Conservative treatment
was carried out owing to low activity,
low-grade pain, previous wiring around
the fracture, and light weight. The
previous walking ability was recovered
at 1 month after the fracture. Bony union
was obtained and the stem sinking never
progressed.

cases of type B2 fractures. Of these cases, two patients
were bedridden with low activity. We suggest that locking
plate fixation can restore the mobility and activity of such
patients to similar levels to those before the fracture. The
performance of revision arthroplasty was accompanied
by technical difficulties owing to severe central migration
of an Austin-Moore implant and a subsequent severe hip
contracture in one patient. Locking plate fixation can be a
salvage surgery for such patients and provides satisfactory
results. In addition, one patient was treated by conserva-
tive means because of low activity, low-grade pain, previ-
ous wiring around the fracture, and light weight. Con-
servative treatment can be applied for patients with such
limitations.
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Table 3. Mobility Status, Ambulatory Status, and Social Status before the Fracture and at the Latest Follow-up

Case

N

o o BN

PM score Ambulatory status Social status
Before fracture Latest follow-up Before fracture Latest follow-up Before fracture Latest follow-up
0 0 Non-ambulatory Non-ambulatory With support With support
5 5 Cane Cane Independent Independent
5 5 Crutch Crutch Independent Independent
5 3 Cane Walker Independent Independent
5 5 Crutch Crutch Independent Independent
0 0 Non-ambulatory Non-ambulatory Nursing home Nursing home
5 5 Cane Cane Independent Independent
1 1 Non-ambulatory Non-ambulatory Nursing home Nursing home
4 4 Cane Cane Independent Independent
1 1 Walker Walker With support With support
1 1 Non-ambulatory Non-ambulatory With support With support
0 0 Non-ambulatory Non-ambulatory Nursing home Nursing home
0 0 Non-ambulatory Non-ambulatory Nursing home Nursing home
9 9 No aids No aids Independent Independent
3 3 Walker Walker Independent Independent
7 7 Cane Cane Independent Independent
4 4 Cane Cane Independent Independent
6 6 Cane Cane Independent Independent

PM score: Parker mobility score, With support: at home with caregiver support, Independent: at home without support.

A revision arthroplasty was performed in two pa-

tients and our experiences with this technique are lim-
ited. Intraoperative bleeding occurred in relatively large
amounts which could be caused by our limited experi-
ences. Both involved patients were relatively active pa-
tients with walking ability. We suggest that active patients
with a loose stem present good indications for revision
arthroplasty. We further suggest that decisions for a treat-
ment method of Vancouver type B2 periprosthetic femoral
fractures should be based not only on the algorithmic ap-
proach of the Vancouver classification but also on the as-
sessment of each patient’s physical status and activity.

Surgeon experience is also an important factor

for deciding treatment options.”) Trauma surgeons are
familiar with the management of fractures, but have less
experience in managing hip arthroplasty compared with
hip joint surgeons. Misinterpretation of the stem stability

leading to an inappropriate selection of surgical methods

26)

can occur with trauma surgeons. In our case series, the

preoperative assessment was carried out by both, a trauma
surgeon and a hip joint surgeon, and the treatment meth-
od was selected after consultation. Osteosynthesis was per-
formed by the trauma surgeon and revision arthroplasty
was carried out by the hip joint surgeon. Cooperation of a
trauma surgeon and a hip joint surgeon is desirable in the
treatment of periprosthetic femoral fractures, if possible.
Patient age is another important factor for the man-
agement of a fracture."” Very advanced age with severe
medical comorbidity can be a contraindication for sur-
gery. However, a displaced fracture causes severe pain and
makes the patient bedridden. We think that pain relief and
avoidance of becoming bedridden are important and that
these goals can be achieved through surgical stabilization
of a fracture. The authors perform a surgery for patients
with surgical indications if it was allowed by an anesthe-
siologist. Therefore, we do not set a limitation on surgery
according to the patients age. We have experiences of sur-
gery (open reduction and internal fixation) in a 96-year-
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old woman as our oldest patient.

In summary, we suggest that decisions regarding

the treatment method for periprosthetic femoral fractures
should be based on the algorithmic approach of the Van-
couver classification, in addition to the assessment of each
patient’s hip joint pathology, physical status and activity,

sirable, if possible.
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