
INTRODUCTION

Rotational alignment of the femoral component is important for
patellofemoral kinematics and knee stability during flexion (1).
Rotational malalignment causes patellofemoral complications and
poor ligament balancing which, in turn, result in failures in total
knee arthroplasty (TKA) (2). A number of anatomical landmarks
have been proposed to achieve correct rotational alignment, such
as the posterior condylar axis (PCA), surgical transepicondylar
axis, clinical transepicondylar axis (CEA), and anteroposterior
trochlear axis (i.e., Whiteside’s anteroposterior axis) (3, 4). The
transepicondylar axis has been demonstrated, in theory, to be a
reliable rotational reference line for properly placing the femoral
component (5-7), but identifying it intraoperatively is difficult in
some cases because of the low-profile geometry of and/or soft
tissues covering the epicondyles (8, 9). Therefore, surgeons typi-
cally estimate the transepicondylar axis from the PCA by using
the twist angle determined on preoperative X-rays or computed
tomography (CT) scans and set the cutting guide based on these
measurements. Although the PCA is the most obvious landmark
during surgery (10), radiography and CT cannot detect the pos-
terior condylar cartilage. In most osteoarthritic knees, the cartilage
thickness of the posterior condyle differs between the medial and
lateral condyles because of asymmetric cartilage wear (11) (Fig. 1).
Recently, a few studies have reported the effect of residual cartilage
on rotational alignment of the femoral component (12-14). In par-
ticular, they demonstrated that the twist angle measured on X-rays

or CT scans, which do not include the cartilage, would be overes-
timated compared with the true twist angle that does include the
cartilage in the osteoarthritic knee.
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Fig. 1. Axial cross section of the distal femur. The cartilage on the pos-
terolateral condyle is preserved (solid arrow). The subchondral bone
is exposed as a result of cartilage wear on the posteromedial condyle
(dashedarrow).
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The purpose of this study was to evaluate the effect of the poste-
rior condylar cartilage on rotational alignment of the femoral com-
ponent in a larger population of arthritic patients. We evaluated
the effect using a newly developed method involving a navigation
system and intraoperative fluoroscopy-based multiplanar recon-
struction (MPR) images obtained using a motorized mobile C-arm.
We also investigated whether the effect of the posterior condylar
cartilage differs between male and female or the magnitude of varus
deformity.

MATERIALS AND METHODS
Patients
A total of 98 OA knees in 86 consecutive patients scheduled for
primary TKA from January 2007 to August 2008 at Oe-kyodo hos-
pital were assessed in this study. Patients with a history of osteot-
omy of the affected knee, valgus deformity or rheumatoid arthritis
were excluded. Subjects were 67 women and 19 men with a mean
age of 74.6 years (range, 60-88 years). Subject characteristics are

summarized in Table 1. All cases were treated with standard cru-
ciate -retaining TKA or posterior -stabilized TKA [Scorpio NRG
(Stryker, Kalamazoo, MI), NexGen (Zimmer, Warsaw, IN)] using
the navigation system. The relevant institutional review boards
reviewed and approved the study protocol, and each patient pro-
vided informed consent to participate.

Measurement method using MPR images
The Arcadis Orbic 3D (Siemens Medical Solutions, Erlangen,
Germany), a motorized mobile C-arm which provides fluoroscopic
images during a 190�orbital rotation, was used to acquire MPR
images of the distal femur. Before taking fluoroscopic images, su-
ture anchors (STATAK, Zimmer) were inserted into the most
prominent points of the medial and lateral epicondyles by a senior
surgeon. Then, 100 fluoroscopic images were acquired at equidis-
tant angles. The 3D dataset, a cube covering a volume of approxi-
mately 12�12�12 cm, was generated by scanning and displayed
on the monitor as MPR slices in coronal, sagittal, and axial views
(Fig. 2A). The acquired images were used to make a cross section
perpendicular to the mechanical axis of the femur in the coronal

Table 1 Subject characteristics

Total Male Female
Number of patients 86 patients 98 kees 19 patients, 23 knees 67 patients, 75 knees
Age, years (range) 74.6�5.5 (60 -93) 74.9�6.6 (63 -93) 74.5�5.2 (60 -88)
FTA, degree (range) 189.6�6.9 (178-211) 189.3�6.2 (178-203) 189.8�7.1 (178-211)

Data are expressed as means�SD, FTA : femorotibial angle

Fig. 2. Multi -planar reconstruction (MPR) images of the distal femur (A) showing the sagittal (upper right), axial (lower right), and coronal
(left) slices obtained with the Arcadis Orbic 3D. The line across the STATAKs represents the clinical epicondylar axis (CEA) (B). The line tangent
to the posterior condyle represents the posterior condylar axis (PCA) on the slice including the most posterior point of the medial and lateral posterior
condyles (C). This PCA does not include the posterior condylar cartilage. Note that the MPR condylar twist angle (CTA) calculated by these lines
does not include the cartilage.
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plane and perpendicular to the tangent line of the distal femur in the
sagittal plane. The valgus angle to the anatomical femoral axis was
calculated on preoperative long-standing X-rays. On simulated
cross sections of the distal femur, a line connecting the STATAKs
was drawn to represent the CEA, and a line representing the PCA
was drawn on the axial images by connecting the most posterior
points of the medial and lateral posterior condyles. We then cal-
culated the condylar twist angles (CTA : the angle between the
CEA, created by connecting the STATAKs inserted into the promi-
nences of the medial and the lateral condyles, and the PCA) using
an angular measuring tool in an open-source DICOM viewer OsiriX
(Pixmeo SARL, Geneva, Switzerland) (Fig. 2B, C). This CTA, which
excluded the posterior condylar cartilage, was termed “MPR-CTA”.
These measurements were performed three times on three differ-
ent days and then took the average as a true value.

Measurement method using the navigationsystem
The navigation system used for the measurements was the

Stryker Image Enhanced Knee Navigation Ver. 2.0 (Stryker). Before
bone resection, infrared intraoperative devices that can transmit con-
tinuous anatomical data to the computer were rigidly attached
through bicortical bone screws to the distal femoral shaft and proxi-
mal tibial shaft. The CEA was recorded by the navigation system
by selecting the top of the suture anchors with the instrumented

pointer. It should be noted that the CEA did not differ between the
measurements obtained from the MPR images and those obtained
from the navigation system. Other landmarks such as the hip center,
knee center, anteroposterior axis, and condylar surfaces were also
registered in this system. A senior surgeon performed these proc-
esses in each case.
A distal femoral cut was performed using the surface-mapping
guides of the image-free navigation system. Tracking devices were
fixed to a universal positioning block. Bone resection was performed
perpendicular to the mechanical axis in the coronal plane (Fig. 3A).
Then, an anteroposterior measurement tool with infrared intraop-
erative devices was placed on the distal femoral cut surface to cal-
culate the difference between the input CEA and PCA (Fig. 3B, C).
This CTA, which included the posterior condylar cartilage, was
termed “Navi -CTA”. Thus, the angle between the MPR-CTA and
the Navi -CTA corresponds to the angle resulting from the cartilage
remnant (Fig. 3A).

Statistical analysis
All measurement values are reported as the mean�standard de-
viation. The paired t - test was used to compare the MPR-CTA and
Navi -CTA. The unpaired t - test was used to compare the MPR-CTA-
Navi -CTA in male and female. Cases were divided into mild or se-
vere varus deformity using a median FTA of 189�and compared the

Fig. 3. Two STATAKs were temporally inserted into the medial and lateral epicondylar prominences (A). The tops of the STATAKs were rec-
ognized in the navigation system to establish the CEA. An anteroposterior measurement tool with an instrumented tracker was used to calculate
the Navi -CTA (*) that corresponds to the difference between the input CEA and PCA including the posterior condylar cartilage (B and C). The
MPR-CTA does not include the posterior condylar cartilage (#).
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MPR-CTA-Navi -CTA using unpaired t - test. Analysis was performed
using GraphPad Prism 6 (GraphPad Software, San Diego, CA). A P
value of 0.05 or less was considered significant.
To evaluate the reproducibility of our measurement method,
intra- and inter -rater correlation coefficients (ICC) were accessed.
The MPR-CTA measurement repeated three times in first 25 cases
by two independent observers who were blinded to the measure-
ments of each other. Then The ICC (1, 1), as an intra-rater ICC,
and ICC (2, 1), as an inter -rater ICC, were calculated using IBM
SPSS statistical software v.21.0 for Mac OS (IBM Japan, Tokyo,
Japan).

RESULTS

In regard to intra-rater reliability with MPR-CTA, the ICC was
0.98 for the first observer and 0.95 for the second observer respec-
tively. On the other hand, inter -rater reliability was also excellent
(ICC : 0.845). These results indicating that our measurement meth-
ods demonstrated almost perfect reliability according to the thresh-
olds suggested by Landis et al. (15)
The distributions of the MPR-CTA, Navi -CTA, and MPR-CTA-
Navi -CTA are shownin Fig. 4. The CTA measured from the MPR
images (MPR-CTA) was 6.6�2.1�, while the CTA calculated by the
navigation system (Navi -CTA) was 4.9�2.0�. The difference be-
tween the two is 1.7�1.2�, which corresponds to the effect of the
remaining cartilage of the posterior condyle. This result suggested
that the asymmetrical cartilage wear in varus OA knees might af-
fect the rotational alignment of the femoral component in measured

resection technique.
In addition, the MPR-CTA-Navi -CTA did not differ between
male and female (Fig. 5A). Note that the femorotibial angle (FTA)
was not statistically different between male and female (Fig. 5B).
When we divided the cases into mild varus deformity group (FTA�
189) and severe varus deformity group (FTA�189�), the MPR-
CTA-Navi -CTA is significantly larger in severe varus group com-
pared to mild varus deformity (p�0.05) (Fig. 5C). This result dem-
onstrated that the effect of posterior condylar cartilage become
larger in severe varus knees.

DISCUSSION

Intraoperative identification of the medial and lateral epicondyles
is difficult to achieve in a reproducible manner (8, 16, 17) Further-
more, the anatomical variability between patients especially in their
degree of arthritic change may impair the correct measurements
(18). It is difficult to synchronize the CEA seen in the radiograph
with that seen intraoperatively. The advantage of this study is that
the CEA in the navigation system can be completely reproduced in
the MPR images by using STATAKs. For this reason, the discrep-
ancy between MPR-CTA and Navi-CTA can be considered as the
difference of the two different PCAs resulting from the remaining
cartilage of the posterior condyle. The Navi -CTA in our study might
not completely same as the true CTA because STATAKs might not
inserted into the prominences correctly in some cases, however,
the Navi -CTA in this study was very close to previously published
CTAs (7, 19, 20), indicating the validity of our measurement method.

Fig. 4. Distribution of MPR-CTA (A), Navi -CTA (B), and MPR-CTA-Navi -CTA (C)

Fig. 5. Comparison of MPR-CTA-Navi -CTA between male and female (A), limb alignment between male and female (B), and MPR-CTA-Navi -
CTA between patients with mild varus deformity (FTA�189) and severe varus deformity (FTA�189) *p�0.05.
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In most varus arthritic knees, the articular cartilage of the medial
posterior condyle is usually worn away and sclerotic subchondral
bone is exposed. Conversely, in the lateral posterior condyle, full -
thickness or slightly degenerated cartilage tends to be preserved.
Because CT or radiography cannot detect this preserved cartilage,
the PCA measured by these modalities tends to show internal ro-
tation compared with that of determined intraoperatively, meaning
that the CTA measured by CT or radiography would be overes-
timated in determining the rotational alignment of the femoral
component.
In this study, we showed that the CTA measured on MPR images
was larger than that calculated by the navigation system, indicating
that the CTA measured by preoperative CT or radiography is larger
than that measured intraoperatively. If the cutting block is set along
the posterior condyle and rotational alignment is determined from
the preoperative measurement, external rotation of the femoral
component would be larger than expected due to the effect of the
remaining posterior condylar cartilage.
Ishimaru et al. reported that there is a gender difference in distal
femoral morphology in Japanese patients (21). Thus we compared
the MPR-CTA-Navi -CTA between the male and female patients.
However, the MPR-CTA did not differ significantly between two
groups. We also investigated the association between the magni-
tude of the varus deformity and the MPR-CTA-Navi -CTA. Inter-
estingly, the MPR-CTA-Navi -CTA is significantly larger in severe
varus group.
Some studies that analyzed the effect of the posterior cartilage
on the rotational alignment of the femoral component have been
reported (12-14). Asada et al., the first to investigate the effect of
the cartilage on femoral component rotation in varus knee OA using
CT arthrography, reported that the mean and maximum differ-
ences between the CTAs including and excluding cartilage were
1.1�and 2.1�, respectively (12). Our measurement method differs
entirely from previously reported methods, although the differ-
ences between these CTAs in other reports were very close to our
findings (13, 14).
According to Matsuda et al., the lateral condyle is hypoplastic
in valgus OA knees while varus arthritic knees show no major dif-
ferences compared with normal knees (22). In the present study,
we only investigated the varus osteoarthritic knees. This is the limi-
tation of our study, and we can therefore conclude only that our
result is applicable to varus knees at this time. As we did not analyze
the effect of the posterior condylar cartilage in valgus deformity
cases, further investigation is needed to determine the trends in
valgus knees. Another limitation of this study is that the analyzed
population was limited to Japanese patients, and different results
might be obtained for other populations such as Caucasians.
In conclusion, we evaluated the effect of the posterior condylar
cartilage on rotational alignment of the femoral component using
a newly developed method in the larger population compared to
the previous studies. Surgical planning without considering the
posterior condylar cartilage may lead to overrotation of the femoral
component especially in severe varus knees. Therefore, when
determining rotational alignment of the femoral component using
radiographic information in varus osteoarthritic knees, surgeons
should consider the effect of the remaining cartilage of the pos-
teriorcondyle.
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