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Risk of periprosthetic fracture after anterior femoral notching
A 9-year follow-up of 200 total knee arthroplasties
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Background Notching of the anterior femoral cortex in distal
femoral fractures following TKR has been observed clinically and
studied biomechanically. It has been hypothesized that femoral
notching weakens the cortex of the femur, which can predispose
to femoral fractures in the early postoperative period. We exam-
ined the relationship between notching of the anterior femoral
cortex during total knee replacement (TKR) and supracondylar
fracture.

Patients and methods Postoperative lateral radiographs of 200
TKRs were reviewed at an average of 9 (6-15) years postopera-
tively. 72 knees (41%) showed notching of the anterior femoral
cortex. Notches were classified into 4 grades using the Tayside
classification as follows. Grade I: violation of the outer table of
the anterior femoral cortex; grade II: violation of the outer and
the inner table of the anterior femoral cortex; grade III: viola-
tion up to 25% of the medullary canal (from the inner table to
the center of the medullary canal); grade IV: violation up to 50%
of the medullary canal (from the inner table to the center of the
medullary canal) and unclassifiable.

Results  The interobserver variability of the classification
system using Cohen’s Kappa score was found to be substantially
reliable. 3 of the 200 TKRs sustained later supracondylar frac-
tures. One of these patients had grade II femoral notching and
the other 2 showed no notching. The patient with femoral notch-
ing sustained a supracondylar fracture of the femur following a
simple fall at home 9 years after TKR.

Interpretation There is no relationship between minimal ante-
rior femoral notching and supracondylar fracture of the femur
in TKR.

Periprosthetic fracture after total knee replacement (TKR)
has a reported incidence of between 0.3% and 2.5% (Delport
et al. 1984, Wiedel 1984, Webster and Murray 1985, Ritter
et al. 1988, Huo and Sculco 1990). Documented risk factors

are osteoporosis, osteopenia, rheumatoid arthritis, neurologi-
cal disorders, chronic steroid treatment and anterior femoral
notching (Cain et al. 1986, Aaron and Scott 1987, Madsen et
al. 1989, Huo and Sculco 1990). The possible role of notching
of the anterior femoral cortex in distal femoral fractures fol-
lowing TKR has been observed clinically and studied biome-
chanically (Cain et al. 1986, Aaron and Scott 1987, Culp et al.
1987, Healy et al. 1993, Lesh et al. 2000). Hirsh et al. (1981)
hypothesized that femoral notching weakens the cortex of the
femur, which can predispose to femoral fractures in the early
postoperative period. The incidence of supracondylar fracture
in a notched femur following TKR varies from 0.5% to 52%
(Hirsh et al. 1981, Aaron and Scott 1987, Culp et al. 1987,
Ritter et al. 1988, Scott 1988, Bogoch et al. 1988, Madsen et
al. 1989, Figgie et al. 1990, Booth 1994). Culp et al. (1987)
studied 61 supracondylar fractures following TKR. They found
that 27 cases showed notching of the anterior femoral cortex
that had occurred during the surgery. 17 patients were suffer-
ing from a neurological disorder and the remainder had either
rheumatoid arthritis or osteopenia. Lesh et al. (2000) investi-
gated the biomechanical effects of notching of the distal ante-
rior femoral cortex in TKR using human cadaveric femora, and
found a mean reduction of 18% in bending strength and a 42%
mean decrease in torsional strength for full-thickness notch-
ing of the femur. Zalzal et al. (2006) studied a 3-dimensional
finite element model of the femur under gait loads and found
that anterior femoral notches greater than 3 mm with sharp
corners located directly at the proximal end of the prosthesis
produced the highest stress concentrations and may lead to a
substantial risk of periprosthetic fracture. However, a direct
relationship between these events has not been established in
the literature. A grading system for anterior femoral notching
does not exist. The aims of this study were firstly to evaluate
the incidence of anterior femoral notching in TKR, secondly
to classify notching radiographically according to the degree
of involvement of the anterior femoral cortex and medullary
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cavity, and also to assess interobserver variability. In addition,
we wanted to study the incidence of supracondylar fracture
after TKR in relation to anterior femoral notching.

Patients and methods

We performed a retrospective study of 200 TKRs in 155
patients who were operated between 1984 and 1993. There
were 98 women (63%) and 57 men (37%) with a mean age of
69 (23-88) years. 45 patients had bilateral procedures. Postop-
erative true lateral radiographs of 200 total knee replacements
were reviewed at an average of 9 (range 6—15) years. Follow-
ing scrutiny of these true lateral radiographs (taken immedi-
ately postoperatively or taken within 3 months to 1 year if the
original radiograph was not a true lateral one), patients were
divided into 3 major groups: notched, no notch, and unclas-
sifiable. The patients for whom there were no records avail-
able or inadequate lateral radiographs were included in the
unclassifiable group. These 3 major groups were divided into
2 subgroups according to the type of prosthesis used, either
Kinematic condylar (Howmedica, Rutherford, NJ) (92 knees,
1984-1990) or Kinemax (Howmedica) (108 knees, 1990—
1993).

In this study, notching was classified into 4 grades as fol-
lows (Figures 1 and 2): grade I: violation of the outer table
of the anterior femoral cortex; grade II: violation of the outer
and the inner table of the femoral cortex; grade III: violation
up to 25% of the medullary canal (from the inner table to the
center of the medullary canal); grade I'V: violation up to 50%
of the medullary canal (from the inner table to the center of the
medullary canal). The 200 knees were classified as having no
notch, a grade I to grade IV notch, or unclassifiable.

As validation for this new scoring system, interobserver
error was assessed. 60 patients with 78 TKRs were randomly
selected. The best true lateral radiograph (taken immediately
postoperatively or up to 1 year) was selected, marked, and
examined by 4 observers independently. Cohen’s Kappa score
was used to assess the variability in the finding. Once the
grading was validated, the null hypothesis that notching of the
anterior femoral cortex does not increase the risk of supracon-
dylar fractures in total knee replacement was tested.

Results

Notching of the anterior femur during TKR was observed in 72
of 176 radiographs (41%). Of these 72 notched knees, 35 were
with Kinematic condylar knee prosthesis and 37 were with
Kinemax knee prosthesis. The number of knees without notch-
ing was 102, and 26 knees were unclassifiable. The median
interobserver reliability Kappa coefficient for this classifica-
tion system using 4 observers was 0.74 (0.65-0.84), i.e. sub-
stantially reliable (Landis and Koch 1977). 3 patients in this
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Figure 1. Transverse sections of the distal femur showing notching.
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Figure 2. Sagittal section of the distal femur demonstrating grade Ill
and grade |V notching.

series sustained a supracondylar fracture of the femur, with an
incidence of 1.5%. 2 of these patients had rheumatoid arthritis
but no notching, and one patient who had osteoarthritis had
grade II notching of the anterior femoral cortex. The patient
with the notched knee developed an undisplaced supracondy-
lar fracture of the femur 9 years after surgery, caused by a
fall at home. The fracture was treated by applying a cylindri-
cal cast for 4 weeks followed by a functional cast brace for 6
weeks, after which the fracture had united. In the 2 patients
without notching, one developed a displaced supracondylar
fracture 6 months after surgery and the other patient developed
an undisplaced supracondylar fracture of the femur 9 months
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after surgery. Both of these cases had rheumatoid arthritis. The
null hypothesis that notching of the anterior femoral cortex
does not increase the risk of supracondylar fracture in total
knee replacement was accepted (p = 0.8, Student’s t-test).

Discussion

During the preparation of the distal femur, notching is rela-
tively common despite sophisticated instrumentation. In the
literature, the incidence of notching in TKR has been observed
to be as high as 30% (Ritter et al. 2005). The incidence of
notching of the anterior femoral cortex in TKR in this series
was 41%.

Culp et al. (1987) measured the depth of notching on the lat-
eral postoperative radiographs. They concluded that violation
of the anterior femoral cortex in the supracondylar region up
to 3 mm reduces its torsional strength by 29%. However, the
depth of encroachment of anterior femoral cortex and medul-
lary cavity of the distal femur has not been classified clinically
or radiographically in the literature. In our study, the depth
of the notching was classified into 4 grades according to the
encroachment of the femoral cortex (outer and inner table)
and medullary canal. The validity of this new classification for
notching was substantially reliable.

The reported incidence of supracondylar fracture of the
femur after TKR has ranged from 0.3% to 2.5% (Delport et
al. 1984, Wiedel 1984, Webster and Murray 1985, Ritter et al.
1988, 2005, Huo and Sculco 1990). The incidence of supra-
condylar fracture of the femur in TKR with anterior femoral
notching varies from 0.5% to 52% (Hirsh et al. 1981, Aaron
and Scott 1987, Culp et al. 1987, Bogoch et al. 1988, Ritter et
al. 1988, Scott 1988, Madsen et al. 1989, Figgie et al. 1990,
Booth 1994). In our study, of the 72 notched femurs, supra-
condylar fracture was observed in only one patient (1.4%).
This patient sustained a supracondylar fracture of the femur
9 years after surgery following a fall at home. The Tayside
femoral notching grade was II. This suggests there is no direct
relationship between notching and supracondylar fracture of
the femur after TKR in our series. The other 2 patients, with
no notching, developed supracondylar fractures of the femur 6
months and 9 months after their TKR and they had rheumatoid
arthritis, which is associated with poor bone quality. The litera-
ture has shown that various factors contribute to the pathogen-
esis of supracondylar fracture of the femur after TKR such as
the relative difference in elastic modulus between the femoral
cortex and the metal prosthesis, stress shielding caused by the
anterior femoral flange at bone-metal junction, postoperative
hypovascularity leading to inadequate osseous remodeling,
osteolysis caused by polyethylene wear debris (Rand 1994),
and bone cement or metal causing endosteal ischemia (Short
et al. 1981, Ritter et al. 1988). A combination of the axial and
torsional loads plays an important role in the mechanism of
these fractures (Insall 1984, Culp et al. 1987). The majority

of the fractures occur after a simple fall. The other reasons for
this type of fracture are manipulation of a stiff knee after TKR
(Sisto et al. 1985), patients with seizures, or patients involved
in motor vehicle accidents after TKR.

In our series, despite the high incidence of notching (41%), a
supracondylar fracture developed in only 1 of 72 patients with
a notched femur, which occurred 9 years after surgery. This
finding suggests that osseous remodeling probably reduces
the risk of fracture in the presence of anterior femoral notch.
Sisto et al. (1985) quoted that, in dogs, the bone remodeling
around screw holes returns the torsional strength of the bone
to normal within 8 weeks of screw removal. Following this
observation, Ritter et al. (2005) stated that “this figure is prob-
ably too conservative for human application but it is clear that
bone remodeling and stress redistribution occur”. Despite the
high incidence of substantial anterior femoral notching in our
series (41%) and the series published by Ritter et al. (2005)
(27%), there was a very low incidence of supracondylar frac-
ture of the femur (0.5%). The latter authors concluded that this
femoral defect during TKR is of minimal concern beyond the
early postoperative period (0-6 months). Most of our cases
had grade I or grade II notching. So with our evidence, mini-
mal notching is not a risk factor for development of supracon-
dylar fractures. We do not have sufficient numbers to com-
ment on grade III and grade I'V notching.

In this study, 92 patients had Kinematic condylar knee pros-
theses, 35 of which had intraoperative notching; 108 patients
had Kinemax knee prostheses, 37 of which had intraopera-
tive notching. Of the 35 notched Kinematic condylar knees,
19 patients showed grade I notching, 13 patients had grade II
notching, and 3 patients had grade III notching of the femur.
However, out of 37 notched Kinemax knees, 20 patients had
grade I notching, 15 patients had grade II notching, and 2
patients had grade III notching. This suggests that modifica-
tion of the jig design to cut the distal femur in the Kinemax
knee system does not alter the incidence and degree of notch-
ing compared to the Kinematic condylar knee system.
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