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A B S T R A C T

Purpose: Periprosthetic femoral fractures are difficult to treat, but few reports have included many periprosthetic
femoral fractures. The purpose of this study was to investigate the trends and characteristics of a large number of
periprosthetic femoral fractures and to determine the best treatment strategy for such fractures.
Methods: The fracture type according to the Vancouver classification, the stem fixation style of previous surgery,
the elapsed time from previous surgery, and the treatment method for periprosthetic fractures of 51 patients with
periprosthetic femoral fractures who were seen between 2006 and 2018 were investigated.
Results: The types of fractures according to the Vancouver classification were: type A 5.9%, type B1 47%, type
B2 20%, type B3 2.0%, and type C 25%. Of the previous surgeries, 76% were cementless fixation, and 24% were
cemented fixation. The mean duration from previous surgery to periprosthetic femoral fracture was 8 years and 7
months (1–358 months), and injury within 1 year from previous surgery was most commonly observed (24%). As
treatment for periprosthetic femoral fractures, conservative treatment was performed in 8%, and surgery was
performed in 92%. Of the surgery cases, 53% underwent osteosynthesis, and 39% underwent revision surgery. Of
type B1 surgery cases, 58% were treated with osteosynthesis, and 33% underwent revision surgery, although
type B1 had no stem loosening.
Conclusion: Many periprosthetic femoral fractures occurred within 1 year after the previous surgery. Therefore,
preventive measures for periprosthetic femoral fractures should be started immediately after total hip replace-
ment. In addition, revision surgery was performed even if the stem was not loosened in cases where it was judged
that sufficient osteosynthesis could not be performed.

1. Introduction

With the recent growth in the number of older people, the number
of patients undergoing total hip replacement (THR) and femoral head
replacement (FHR) has been increasing. Furthermore, the aging of pa-
tients who have undergone these operations has resulted in an increase
in periprosthetic fractures.1

Periprosthetic fractures, especially periprosthetic femoral fractures
after THR or FHR, make it difficult to install osteosynthesis implants
because of the implants already in the bone. In addition, bone healing is
difficult to obtain because the contact area between bones is very small.
Thus, periprosthetic femoral fractures are often difficult to treat.

Despite that, because there are few comprehensive reports of

periprosthetic femoral fractures, it is not yet clear what kind of patient
is prone to periprosthetic femoral fracture and what type of treatment is
being used for what type of periprosthetic femoral fracture.

Because periprosthetic femoral fracture is a disease that sig-
nificantly reduces patients’ quality of life, its prevention is very im-
portant. To investigate what kind of patient is at risk of a periprosthetic
femoral fracture is important in considering the target group for pre-
vention.

It is also difficult to know how to treat patients who have suffered
such fractures around the femoral stem. The first step in considering an
ideal treatment for the periprosthetic femoral fracture is to investigate
what type of treatment is actually applied to which type of peripros-
thetic femoral fracture.
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Therefore, the purpose of this study was to investigate which pa-
tients are more likely to develop periprosthetic femoral fractures and
what types of treatments are applied to which types of periprosthetic
femoral fractures.

2. Materials and methods

The subjects were 51 patients with periprosthetic femoral fractures
who were taken to 8 general hospitals from March 2006 to March 2018.
There were 12 men and 39 women, with a mean age of 78 years (range:
43–91 years). The assessment criteria were: the fracture type on the
Vancouver classification,2 the type of previous surgery, the type of stem
fixation procedure at previous surgery, the duration from previous
surgery to periprosthetic femoral fracture, and the treatment method
for periprosthetic femoral fractures.

3. Results

The types of fractures according to the Vancouver classification
were: type A (n = 3, 5.9%), type B1 (n = 24, 47%), type B2 (n = 10,
20%), type B3 (n = 1, 2.0%), and type C (n = 13, 25%); approximately
half of the fractures were type B1 (Fig. 1).

Previous surgeries were THR (n = 27, 53%), FHR (n = 19, 37%),
and stem revision surgery (n = 5, 9.8%) (Fig. 2).

Of the previous surgeries, 76% were cementless fixation, and 24%
were cemented fixation (Fig. 3).

The mean duration from previous surgery to periprosthetic femoral
fracture was 8 years and 7 months (range: 1–358 months), and injury
within 1 year from previous surgery was most commonly observed
(24%) (Fig. 4).

As treatment for periprosthetic femoral fractures, conservative
treatment was performed in 8%, and surgery was performed in 92%. Of
the surgery cases, 53% underwent osteosynthesis, and 39% underwent
revision surgery (Fig. 5).

Only 3 cases were classified as Vancouver type A, of which 1 case
underwent osteosynthesis, and 2 underwent conservative treatment.

For Vancouver type B1, 9% underwent conservative treatment, and
91% underwent surgery. Among type B1 surgery cases, 58% were
treated with osteosynthesis, and 33% underwent revision surgery, al-
though type B1 had no stem loosening. Type B1 cases tended to have
many cemented stem cases (Fig. 6), and revision surgery was selected in
significantly more cases for type B1 cases with a cemented stem than for
type B1 cases with a cementless stem (P = 0.0321) (Fig. 7).

Revision surgery was selected for all type B2 and type B3 cases
where the stems were determined to be loose.

For Vancouver type C, 92% underwent osteosynthesis, and 8% un-
derwent revision surgery. All cases that underwent revision surgery
were cemented stem cases.

4. Discussion

The periprosthetic femoral fracture is definitely a major problem for
both patients and the healthcare system, and it is one of the biggest
complications after THR and FHR.3 On the one hand, it is also difficult
to treat these fractures. Thus, the prevention of periprosthetic femoral
fractures is also important.

Age over 60 years, osteoporosis, and prior revision surgery have
been reported as the risk factors for periprosthetic femoral fractures.4–6

In addition to these, the present study also showed that periprosthetic
femoral fractures are likely to occur within 1 year of prior THR or FHR.
Thus, strict fall prevention is important for the prevention of peri-
prosthetic femoral fractures, in addition to osteoporosis treatment,
especially for cases within 1 year of prior surgery.

With regard to treatment methods for periprosthetic femoral frac-
tures, revision surgery was mainly selected for types B2 and B3, because
these cases had loosened stems, and osteosynthesis was mainly selected
for types A, B1, and C, because these cases did not have loosened stems.
However, for types B1 and C, there were relatively many cases where
revision surgery was selected even though the stems were not loose. In
the case of cemented stems where removal of the stem was relatively
easy, and in cases where it was not possible to obtain sufficient fixation
even if osteosynthesis were performed and walking could not be per-
mitted over a long time, the stems without loosening were removed and
replaced.

Fig. 1. The types of fractures according to the Vancouver classification.
Approximately half of the fractures are Type B1.

Fig. 2. The kind of previous surgeries before the periprosthetic femoral frac-
tures.
Periprosthetic fractures after stem revision surgeries are close to 10% and are
relatively frequent.

Fig. 3. The fixation methods of the stem in previous surgeries.
Of the previous surgeries, three-quarters used cementless fixation, while one-
quarter used cemented fixation.
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In this study, type A included only 3 of 51 cases, and all 3 cases were
fractures of the greater trochanter. Of the type A fractures, osteo-
synthesis with wiring was selected in 1 case, and conservative treat-
ment was selected in the remaining 2 cases. One case that underwent
osteosynthesis was the Pseudo type A that Huang et al.7 described, and
the 2 cases that underwent conservative treatment were the Pure type A
described by Huang et al. For Pure type A, in which there is a fracture
line purely in the greater trochanter, conservative treatment is selected
because there is little loss of function even if the bone fragment dis-
places because only the tip fracture. When there is a fracture line that
contacts the stem, even if the fracture exists in the trochanteric area, it
is Pseudo type A, and osteosynthesis is chosen because it causes ab-
duction muscle power loss if the bone fragment displaces.

In type C fracture, the stem does not loosen due to the fracture
because the fracture is distal to the implant. Therefore, osteosynthesis is
usually selected for type C. However, it is reported that stress

concentration occurs between the stem and the implants for osteo-
synthesis, and the fracture occurs further, unless the implant for os-
teosynthesis and the stem are separated by 6 cm or more or overlap by
6 cm or more.8 In addition, it is reported that 6–8 cortical fixations are
required on both sides of the fracture line as a necessary condition to
achieve successful osteosynthesis.9 In other words, in the case of type C
fractures directly under the stem, it is necessary to sufficiently overlap
the plate with the stem and then insert a sufficient amount of screws
into the overlapping plate. If this was not possible, revision surgery
with a long stem was selected even in cases where it was judged that the
stem was not loose. However, all cases that were replaced by removing
the unloosened stem were cemented stems. Thus, all type C fractures
that occurred in cementless stems underwent osteosynthesis, because
there is a high possibility that a new fracture will occur when removing
the cementless stem that is not loose.

Cases without stem loosening in type B fractures (i.e. type B1
fractures) were treated in exactly the same way as type C fractures. That
is, osteosynthesis is the first choice in type B1 fractures because the
stem is not loosened. However, if 6–8 cortical fixations on both sides of

Fig. 4. The duration from previous surgery to periprosthetic femoral fractures.
The mean duration from previous surgery to periprosthetic femoral fractures is 8 years and 7 months (range: 1–358 months), and injury within 1 year from previous
surgery is most commonly observed (24%).

Fig. 5. Treatment for periprosthetic femoral fractures.
Conservative treatment was performed in 8% and surgery was performed in
92%. Of the surgery cases, 53% underwent osteosynthesis and 39% underwent
revision surgery.

Fig. 6. Percentages of Vancouver classifications in cemented and cementless
stems.
Vancouver type B1 is the most common in peri-cemented stem femoral frac-
tures.
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the fracture line, a prerequisite for successful osteosynthesis, cannot be
obtained, there is a high risk of failure, and long postoperative re-
habilitation is required. In such type B1 cases, revision surgery using a
long cementless stem with distal locking screws was selected even if the
stem was not loose. For this reason, 33% of patients with type B1 (no
stem loosening) underwent revision surgery. However, similar to type C
cases, almost all cases that were replaced by removing the unloosened
stem were cemented stem cases. Thus, almost all type B1 fractures that
occurred in cementless stems underwent osteosynthesis, because there
is a high possibility that a new fracture will occur when removing the
cementless stem that is not loose.

Therefore, as Baba et al. showed, the treatment strategies should be
considered separately for peri-cementless stem fractures and peri-ce-
mented stem fractures.10 It is considered that the cementless stem is not
loose unless there are fracture lines in the porous coating sites.10 There
is a report that cementless stems will re-adhere even if they are slightly
loose.11 That is, if the fracture line does not exist in the porous coating
part, osteosynthesis should be selected, and if does exist in the porous
coating site, revision surgery should be selected.

A cemented stem is relatively easy to remove even if it is not loose.
If osteosynthesis is performed for peri-cemented stem fractures, the
screws may break the cement and may loosen the stem. Therefore, re-
vision surgery has been performed for periprosthetic fractures where
the fracture line is on the cemented stem or cement around the stem.

In addition, in the case of type C fractures directly under the ce-
mented stem, if the distance between the stem and the fracture line is
about 3 cm or more, about 2 bicortical screws can be inserted proximal
to the fracture line (Fig. 8). In the case of fractures less than 3 cm from
the end of the stem, it is difficult to obtain fixing force equivalent to 6–8
cortical bone fixations. Therefore, removing the cemented stem and
replacing it with a long stem can facilitate early rehabilitation for the
patients.

From the above, we devised a method for classifying periprosthetic
femoral fractures based on the area where the fracture line exists
(Fig. 9). If this method is used, the treatment strategy can be de-
termined based only on the position of the fracture lines with respect to
the stem, without considering the looseness of the stem.

5. Conclusions

This study investigated periprosthetic femoral fractures after THR or
FHR. It became clear that there were many periprosthetic femoral
fractures within 1 year after the previous surgery. Therefore, preventive
measures for periprosthetic femoral fractures should be started im-
mediately after THR or FHR.

The present study also investigated the treatment strategy for
periprosthetic femoral fractures. It was found that the cementless stem
is difficult to remove, and even if it is slightly loosened, there is a
possibility of it re-adhering. Therefore, osteosynthesis was performed
except for cases with fracture lines that were apparently in the porous
coating part in peri-cementless stem fractures. On the other hand, ce-
mented stems are relatively easy to remove, and the presence of cement
is disadvantageous for bone healing and osteosynthesis. Therefore, in
cases where it was judged that sufficient osteosynthesis could not be
performed, revision surgery was performed even if the stem was not
loosened. Thus, the treatment strategy for periprosthetic femoral frac-
tures may be determined by the fixation mode of the stem and the
position of the fracture lines.

Fig. 7. Treatment type in Type B1 fractures.
Revision surgery was selected in significantly more cases for Type B1 cases with
a cemented stem than for Type B1 cases with a cementless stem (P = 0.0321).

Fig. 8. Fractures more than 3 cm away from below the cemented stem (A) and
less than 3 cm away from the cemented stem (B).
In fractures directly under the cemented stem, if the distance between the stem
and the fracture line is about 3 cm or more, about 2 bicortical screws can be
inserted proximal to the fracture line (A). In the case of fractures less than 3 cm
near the end of the stem, it is difficult to obtain the fixing force equivalent to
6–8 cortical bone fixations (B).

Fig. 9. Classification and treatment based on the area where the fracture line
exists.
For peri-cementless stem fractures, osteosynthesis is desirable except for frac-
tures apparently in the porous coating. Revision surgery is selected even if there
is no looseness of the stem, when the fracture line exist within 3 cm from the
cemented stem.
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