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Introduction

Periprosthetic femoral fractures around the hip or knee are 
complications predicted to increase in future as patients with 
an arthroplasty and the number of elderly patients increases 
[1–3]. When the prostheses are inserted on the ipsilateral 
proximal and distal sides of the femur, a fracture between 
them is generally termed an interprosthetic femoral frac-
ture. This is positioned as a relatively rare fracture [4], and 
its definition, classification, and treatment methods are still 
controversial and a major challenge [4–7].

For classification of interprosthetic femoral fracture, the 
proximal implant (hip prosthesis)-based Vancouver clas-
sification and the distal implant (knee prosthesis)-based 
Rorabeck and Su classifications are used alone or in combi-
nation [2, 8, 9]. Platzer et al. [10] modified the Vancouver 
classification with regard to interprosthetic femoral frac-
ture, in which the presence or absence of adjacency of the 
fracture region to the implant and loosening are mentioned. 
However, implant stability evaluated in all classifications 
largely depends on the experience and subjective judgment 
of operators [11–13].

We prepared the Baba classification method to objectively 
evaluate implant stability for the treatment of periprosthetic 
femoral fracture in 2015 [12, 13]. We previously reported 
the high sensitivity and specificity of Baba classification 
with regard to the actual stem stability in periprosthetic 
fracture and a higher interobserver agreement rate of judg-
ments made based on plain radiograms acquired at the time 
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of injury than that employing the Vancouver classification. 
The Baba classification predicts implant stability based on 
the relationship between the implant design and fracture site 
employing a completely novel concept, and the conditions 
are divided into 2 types: with or without the use of cement, 
and each type is further divided into 2 subgroups (Fig. 1). 
According to the Baba classification-based treatment algo-
rithm, an intra-operative stem stability test is performed 
in types 1 and 2A. Revision (with ORIF) is recommended 
when the implant is really unstable, and ORIF is recom-
mended for others.

Interprosthetic femoral fractures are generally considered 
fractures between the proximal and distal implants, but based 
on the concept of the Baba classification, the main fracture 
line is present in a region other than the bone-fixed regions, 
indicating that the implant is stable. In contrast, when the 
implant is unstable, the main fracture line is present in the 

region of the implant fixed to the bone, based on which a 
hypothesis is established that fracture does not exist between 
the implants.

The objective of this study was to investigate the clinical 
outcomes of femoral fracture with implants on the proximal 
and distal sides to verify whether actual fracture morpholo-
gies follow the fracture types of Baba classification and the 
validity of a Baba classification-based treatment strategy.

Subjects and methods

Prosthesis was present in 85 patients with periprosthetic 
femoral fractures between 2007 and 2013. Excluding 73 
patients with fracture around the femoral stem or fracture of 
the TKA femoral component alone, 12 patients with 14 legs 
with both implants were investigated (Table 1). The mean 

Fig. 1   Baba classification focusing on implant designs useful for periprosthetic femoral fractures around total hip arthroplasty (According to 
[13])
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age at the time of injury was 76.1 years old (58–84 years 
old), and there were one male (one leg) and 11 females (13 
legs) patients. The primary disease was osteoarthrosis in 
7 and rheumatoid arthritis in 5. Previous hip surgery was 

hemiarthroplasty in 8 and total hip arthroplasty in 4. Hip 
prosthesis was cementless in all patients, whereas cement 
was used for the TKA femoral component in all patients. The 
mean duration of follow-up was 4.8 years (2–8 years). All 
patients were followed up by clinical and radiographic evalu-
ation on an outpatient basis at intervals of one to 3 months 
until 1 year after the operation and at intervals of 6 months 
thereafter.

Baba classification‑based evaluation

The fracture type was evaluated following the Baba classifi-
cation for interprosthetic femoral fracture (Fig. 2). The Baba 
classification was originally classification of periprosthetic 
femoral fractures around the hip, but here it was applied for 
TKA, and implant stability was evaluated with regard to the 
presence or absence of the use of cement and the location 
of the fracture. Accordingly, when a fracture line was pre-
sent in the stem of the TKA femoral component or region 
fixed to the bone, the implant was classified as unstable, and 

Table 1   Patient characteristics

BHA bipolar hemiarthroplasty, THA total hip arthroplasty, TKA total 
knee arthroplasty

Age (years) 76.1 (58–84)
Total number 12 (14)
Male/female 1 (1)/11 (13)
The primary disease
 Osteoarthrosis 7
 Rheumatoid arthritis 5

BHA/THA
 (cemented/uncemented)

8/4
2/10

TKA (cemented/uncemented) 12/0
Follow-up (year) 4.8 (2–8)

Fig. 2   Illustration of the Baba classification for femoral fracture with 
implants on the proximal and distal sides. Type 1A-hip, 1A-Knee. 
Fractures in which the main fractured region involve the porous-
coated region of the prosthesis. Since the porous-coated region is 
the region firmly bonding the stem to bone necessary to stabilize the 
prosthesis, the prosthesis is likely to be unstable when this region is 
fractured. Type 2A-hip, 2A-Knee. Cement and prosthesis directly 
contacting bone are collectively regarded as ‘implant.’ Fractures 
in which the main fractured region involve the implant. Fixation 
of cement and bone may be broken, and the implant is likely to be 

unstable. Type1B-inter., Fractures in which the main fractured region 
is outside the porous-coated region. Since the prosthesis is firmly 
bonded to bone in the porous-coated region, the implant is stable 
when the fracture occurred in other regions. Type 2B-inter., Fractures 
distal to the implant (including fracture of the tip) of hip prosthesis. 
The implant is stable because cement and bone are fixed in this type, 
and the fracture occurs distally. Fractures in which the main fractured 
region is outside the cemented region. Since the cement and bone are 
fixed in this type, the implant is stable when the fracture occurred in 
other regions
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when fracture occurred in other regions, the implants were 
regarded as stable.

Validity of Baba classification based on clinical course

All patients were radiographically assessed for implant sta-
bility according to the Baba classification, as follows. When 
implant stability was assessed directly during surgery, if the 
following two conditions were met, the implant was consid-
ered stable: (1) the implant was difficult to remove during 
surgery. (2) Postoperatively, the implant showed no evidence 
of loosening after full weight bearing. When implant stabil-
ity was not assessed during surgery, the stem was considered 
stable if postoperatively there was no evidence of loosening 
after full weight bearing.

Treatment methods were surveyed by the Baba classifica-
tion. For clinical evaluation, intra- and postoperative com-
plications, the operation time and intra-operative blood loss 
were investigated. In addition, walking ability was assessed 
before injury and 1 year after surgery by categorizing into 
independent walking, walking with a cane, walking with 
2 crutches, walking using a walker or while holding on to 
something in the house, and wheelchair use (unable to walk). 
Radiographic union was defined by evidence of bridging 
bone at two or more cortices on standard anterior–posterior 
and lateral radiographs.

Surgical technique and postoperative care

Since a lateral femoral approach facilitates a favorable vis-
ual field for anterior and medial operations of the region 
and the approach is safe for passing a cable, patients with 
femoral shaft fractures were positioned laterally on a radio-
lucent table. When instability of the proximal implant was 
predicted, the hip joint was reached through the posterior 
approach, the hip joint was dislocated, and the implant was 
removed, followed by revision and osteosynthesis. Patients 
with femoral supracondylar fractures were placed in a supine 
position for a lateral femoral approach. When applying a 
locking plate, the fracture region was opened via the lateral 
side, as necessary, periosteal dissection was minimized and 
reduced, and the absence of implant loosening was directly 
confirmed visually. The plate was slid under the femoral 
lateral vastus muscle layer centering in the fracture region 
and set to the femur under fluoroscopy.

The postoperative rehabilitation schedule of patients 
undergoing osteosynthesis included the initiation of par-
tial weight bearing after 6 weeks and full weight bearing 
after 10 weeks. The postoperative rehabilitation schedule of 
patients undergoing revision with osteosynthesis included 
the initiation of partial weight bearing after 2 weeks and full 
weight bearing after 4 weeks.

Results

Baba classification‑based evaluation (Table 2)

The Baba classification fracture type showed the implant as 
unstable (type 1A or 2A) and stable (type 1B or 2B) types in 
3 and 11 legs, respectively. In all 3 legs of the implant unsta-
ble type cases, the fracture line was present in the region of 
the uncemented stem fixed to the bone, and there was no 
case of fracture in the region of the femoral component fixed 
to the bone. In all 11 legs of the implant stable type, the main 
fracture line was noted in the distal bone-fixed region over 
the tip of the stem in 2, femoral diaphysis in 1, slightly distal 
to the diaphysis in 5, and supracondylar region in 3.

Instability of the stem was confirmed by the intra-oper-
ative stem instability test in all cases of the implant unsta-
ble type. It was also confirmed that the implant was stable 
during surgery and the course after surgery in all implant 
stable-type legs. The consistency rate between the Baba 
classification-based judgment of plain radiograms acquired 
at the time of injury and actual surgical findings was 100%.

Surgical procedure and clinical outcomes

Revision with a cementless long stem was performed in both 
the implant unstable type cases, and internal fixation with 
a cable was concomitantly applied to the fracture region. 
A locking compression plate (LCP) was used in all 11 legs 
of the implant stable type. In the 2 cases in which the main 
fracture line was noted in the region distal to the bone-fixed 
region of a proximal fixation-type uncemented stem over 
the tip of the stem, internal fixation was applied using an 
inverted LCP-distal femur (LCP-DF). Broad LCP was used 
in the case in which the main fracture line was present in 
the femoral diaphysis, and LCP-DF with 9 or more holes 
was used in the 5 cases in which the main fracture line was 
present slightly distal to the diaphysis. In all of these cases, 
2 or 3 cables were used, in addition to locking screws, for 
fixation because the stem was present in the femoral bone 
marrow cavity proximal to the fracture region. For femo-
ral supracondylar fracture, LCP-DF with 5 holes was used 
without a cable.

The mean operation time was 113.6 (65–153) min (the 
ORIF; 106.3 min, the revision; 150.5 min). The mean blood 
loss was 333.3 (100–600) mL (the ORIF; 333 mL, the revi-
sion; 335 mL).

Regarding walking ability before injury and 1 year after 
surgery (Fig. 3), four patients (28.6%) recovered to the same 
level, and the level declined by one grade in 8 (57.1%), and 2 
grades in 2 (14.3%). On the final follow-up, bone union was 
achieved in all patients. There were no intra- or postopera-
tive complications.
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Discussion

For classification of interprosthetic femoral fracture, the 
proximal implant (hip prosthesis)-based Vancouver classi-
fication and the distal implant (knee prosthesis)-based Rora-
beck and Su classifications are used alone or in combination 
[2, 8, 9]. In addition, a unified classification system [14] 
applying the Vancouver classification to periprosthetic frac-
tures of the whole body has recently been reported, incor-
porating interprosthetic femoral fracture as Type D of the 
Vancouver classification. However, the presence or absence 

of implant stability in this Type D is not discussed. Further-
more, which of the proximal and distal implants the fracture 
location is close to and the presence or absence of loosening 
are described in the classification reported by Pires RE et al. 
[15]. Loosening of implants is described in all classifica-
tions, but we consider that the evaluation of loosening is 
subjective and depends on the operator’s experience. It has 
been pointed out in many reports that a misjudgment regard-
ing implant loosening leads to a poor outcome [11, 16, 17].

Thus, considering that evaluation of implant stability is 
also most important for interprosthetic femoral fracture, we 
applied the Baba classification as a classification capable of 
objectively evaluating implant stability. This is a classifica-
tion method for fractures around the femoral stem based on 
the new concept of paying attention to the positional rela-
tionship between the implant design and fracture location, 
which has not been available before. When the main fracture 
is located in the region fixed to the bone, the implant is 
unstable, whereas the implant is stable when fracture occurs 
in a region other than the regions fixed to the bone. We think 
the evaluation of bone stock is subjective and dependent on 
the surgeon. So we did not take it into account in the classi-
fication. Based on this concept of this classification, it makes 
sense to consider that fractures which occur at a site distal 
to the region of hip prosthesis fixed to the bone over the 
proximal region of knee prosthesis fixed to the bone as one 
type of fracture, and according to the Baba classification, the 
prosthesis is likely to be stable in fractures within this range. 

Table 2   Patient demographics

BHA bipolar hemiarthroplasty, THA total hip arthroplasty, TKA total knee arthroplasty, ORIF open reduction with internal fixation, LCP-DF 
locking compression plate distal femur

Patient Sex Age (years) The hip The knee Classification The main fracture line Treatment method

1 F 74 BHA TKA 1A-hip The region of the uncemented stem fixed to 
bone

Revision + ORIF with a cable

2 F 72 BHA TKA 1A-hip The region of the uncemented stem fixed to 
bone

Revision + ORIF with a cable

3 F 72 BHA TKA 1A-hip The region of the uncemented stem fixed to 
bone

Revision + ORIF with a cable

4 F 74 BHA TKA 1B-inter. The distal bone-fixed region over the tip of 
the stem

Inverted LCP-DF

5 M 84 THA TKA 1B-inter. The distal bone-fixed region over the tip of 
the stem

Inverted LCP-DF

6 F 75 BHA TKA 1B-inter. Femoral diaphysis Broad LCP
7 F 72 THA TKA 1B-inter. Slightly distal to the diaphysis LCP-DF with 11 holes + 2 cables
8 F 75 BHA TKA 1B-inter. Slightly distal to the diaphysis LCP-DF with 9 holes + 2 cables
9 F 83 THA TKA 1B-inter. Slightly distal to the diaphysis LCP-DF with 9 holes + 2 cables
10 F 82 BHA TKA 2B-inter. Slightly distal to the diaphysis LCP-DF with 11 holes + 2 cables
11 F 84 THA TKA 2B-inter. Slightly distal to the diaphysis LCP-DF with 11 holes + 3 cables
12 F 84 BHA TKA 1B-inter. Supracondylar region LCP-DF with 5 holes
13 F 78 THA TKA 1B-inter. Supracondylar region LCP-DF with 5 holes
14 F 58 THA TKA 1B-inter. Supracondylar region LCP-DF with 5 holes

Fig. 3   Walking ability before injury and 1 year after surgery
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In our subjects actually treated by surgery, implants were 
stable in 100%. In contrast, in cases in which the main frac-
ture line was present in the bone-fixed region, the implant 
was unstable.

Regarding treatment methods, taking the presence or 
absence of implant loosening into consideration, revision 
(in combination with osteosynthesis) is recommended when 
only one implant is loosened, and total femur replacement 
is recommended when both the proximal prosthesis and 
TKA component are loosened [3, 15, 18]. However, based 
on the Baba classification proposed by us, fractures located 
‘between the distal and proximal implants’ are not involved 
in the bone-fixed regions, and thus, the fracture does not 
contribute to loosening or instability of the implants. We 
consider that when the implant is unstable, the fracture line 
is not present ‘between the distal and proximal implants’ and 
that fracture occurred in the bone-fixed region, while frac-
tures with the main fracture lines simultaneously observed in 
the bone-fixed regions of both implants are very rare. Total 
femur replacement recommended by various researchers 

may be one option, but it is not a realistic treatment method 
for this fracture.

Lehmann et al. showed that the presence of two intramed-
ullary implants in the same femur causes a 30% increase in 
the risk of fracture [19]. This increase was well-described 
and documented in the 2003 work of Iesaka et al. [20], car-
ried out on finished models, regarding what effects the size 
of the interprosthetic gap, stem stability and cortical thick-
ness between two intramedullary and ipsilateral press-fit 
implants have on ‘stress risers’ (stress concentration). Based 
on this, for osteosynthesis of interprosthetic femoral fracture, 
the use of a locking plate long enough to overlap the implant 
as much as possible is recommended [7, 21, 22]. For screw 
fixation, fixation with 6–8 cortical screws and wire as neces-
sary is recommended for proximal bone fragment in cases 
in which hip prosthesis occupies the medullary cavity [6]. 
We also used a sufficiently long locking plate as a measure 
against stress concentration, and selected the type of lock-
ing plate corresponding to the fracture location. When the 
fracture line was present immediately distal to the bone-fixed 

Fig. 4   Sixty-eight-year-old woman with Rheumatoid arthritis treated with a 5-hole locking plate. a Frontal view on X-ray radiography after sur-
gery. b Lateral views on X-ray radiography after surgery (Dotted line; the long locking plate does not align with the bone axis)
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region of the hip prosthesis, a sufficient number of screws 
could not be inserted into the proximal bone fragment using 
the normal broad plate. Thus, a condylar locking plate, into 
which many screws can be inserted, was inverted and applied 
[23]. Using this method, strong fixation with many screws 
and wire was possible. On the other hand, we selected a 
short locking plate for the 3 cases of supracondylar femoral 
fracture, which is the most distal fracture. Normally, fixation 
overlapping the proximal implant using a sufficiently long 
locking plate should be applied, but the size of the existing 
locking plates did not fit. The causes include the small size 
of the femoral condyle in elderly Asian females [24], the 
position for plate setting is limited because of the presence 
of the TKA implant, and the strong anterior curvature of 
the femur [25]. Accordingly, a long locking plate does not 
align with the bone axis, and the forced tightening of wire 
to the proximal bone fragment was likely to cause an unfa-
vorable reduction of the fracture region (Fig. 4). Although 
re-fracture due to the concentration of stress on the most 
proximal region of the plate is of concern, it puts the prior-
ity backwards unless treatment for fracture succeeds. Thus, 
prioritizing bone fusion by anatomical reduction, we used a 
short locking plate.

The limitation of this study was the small number of 
cases. However, this fracture is relatively rare and it is dif-
ficult to perform a large-scale study, as reported by various 
researchers. As shown in Table 1, all TKAs are cemented. 
In this series, we did not include only cemented TKA. How-
ever, as a result, no case of uncemented and hinged TKA 
was enrolled in the present study. We speculate that non-
cemented and hinged TKA in Japan has not commonly per-
formed, although the exact number has not been reported.

Moreover, the influence of stress concentration on a short 
locking plate has not been investigated. However, a suffi-
ciently long plate is not applicable for cases with a strong 
anterior curvature of the femur and small condyle, raising 
the possibility of a short locking plate as an option.

Conclusions

Baba classification is a new classification method capable 
of objectively evaluating implant stability based on the rela-
tionship between the implant design and fracture location, 
and it is possible to prepare a treatment strategy, without 
the influence of the operator’s experience and subjective 
judgment, from which stable treatment outcomes can be 
expected. Applying this classification, implant stability 
could be sufficiently evaluated in not only periprosthetic 
femoral fractures following hip arthroplasty, but also inter-
prosthetic femoral fractures, verifying its clear usefulness in 
setting a treatment strategy.
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