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Surgical Transepicondylar Axis Is Not a Reliable
Reference when there Was Lateral Femoral Bowing
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Objective: The surgical transepicondylar axis (sTEA) is believed to be a consistent reference for femoral rotation axis,
and the reliability of its orientation seriously affects the accuracy and outcome of total knee arthroplasty (TKA). This
study was designed to investigate the relationship between the orientation of sTEA and femoral bowing angle (FBA)
and posterior condylar line (PCL) using three-dimensional (3D) computed tomography (CT) reconstruction models to
verify its reliability.

Methods: This study retrospectively collected lower extremity images of 443 southern Chinese osteoarthritic patients
(347 women, 96 men; 234 left, 209 right; mean age 66.5 � 9.3 years) from August 2016 to June 2018. The hip–
knee-ankle angle (HKA) was measured on anteroposterior weight-bearing full lower extremity standing radiographs.
Measurements on 3D CT models of the femurs included lateral angle between the femoral mechanical axis and sTEA
coronal angle, angle between sTEA and distal joint line (distal condylar axis angle, DCA); angle between sTEA and PCL
(sTEA axial angle); angle between anatomical axis of proximal femur and anatomical axis of distal femur in the plane
they form (actual FBA) and its projection on the coronal (lateral FBA) and sagittal (anterior FBA) planes. The correla-
tions between sTEA coronal angle, sTEA axial angle and actual FBA, lateral FBA, anterior FBA, HKA, DCA were explored
using the Spearman correlation test.

Results: The mean value of actual FBA is (14.4 � 3.6)�, of lateral FBA is (6.0 � 4.0)�, and of anterior FBA is
(12.7 � 3.0)�. The mean value of sTEA coronal angle is (88.7 � 3.6)�, of sTEA axial angle is (2.1 � 2.8)�. The sTEA
coronal angle was positively correlated with actual FBA (r = 0.320, P < 0.01), lateral FBA (r = 0.448, P < 0.01), ante-
rior FBA (r = 0.113, P < 0.05), HKA (r = 0.482, P < 0.01) and DCA (r = 0.486, P < 0.01). The sTEA axial angle was
positively correlated with DCA (r = 0.168, P < 0.01), but not significantly correlated with all FBAs and HKA (NS).

Conclusion: The sTEA cannot be used as a stable reference when there was an obvious femoral bowing deformity. As
the lateral femoral bowing increases, the orientation of sTEA becomes more varus, no matter the knee is varus or
valgus.
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Introduction

Malalignment and malrotation of femoral components
cause dissatisfaction after total knee arthroplasty

(TKA).1,2 Surgical transepicondylar axis (sTEA) is the line
between the most prominent of lateral condyle and the most
concave of medial condyle,3,4 which is believed to be close to

the true femoral rotating axis.5,6 In the axial plane, sTEA is
considered a reliable axial reference for cutting the posterior
condyle and rotating the femoral component compared to
other osseous landmarks.7 In the coronal plane, sTEA is per-
pendicular to the femoral mechanical axis.6,7 This feature
does not change even in osteoarthritic (OA) knees.7
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Therefore, sTEA is often used in the coronal plane to assess
the perpendicular position of the femoral component to fem-
oral mechanical axis, especially in patients with large bone
defects or in TKA revision cases.8 It is also noted that sTEA
is influenced by the lower extremity alignment, with both
varus and valgus alignment resulting in a change in the ori-
entation of sTEA in the coronal plane.9

Femoral bowing is the most common femoral deformity
in female Asian population, and could be classified as anterior
bowing and lateral bowing.10 Femoral bowing could affect
surgical technique11,12 and lower extremity alignment13,14

during TKA, and it is closely related to the development of
OA.15 Nejima et al. indicated that the orientation of sTEA in

the coronal plane was influenced by lateral femoral bowing in
OA patients with varus knees after a study of 82 knees using
two-dimensional (2D) computed tomography (CT).8 Three-
dimensional (3D) CT could localize the orientation of sTEA
more accurately than 2D CT.16 But to our knowledge, there
was no study that has yet explored the effect of femoral bow-
ing on the coronal and axial orientation of sTEA in 3D CT
reconstruction models in both varus and valgus knees.

The purposes of this study were: (i) to investigate the
relationship between femoral shaft bowing and the coronal
orientation of sTEA in patients with knee OA using 3D CT
reconstruction models; and (ii) to investigate whether the
axial orientation of sTEA also was affected by femoral bow-
ing. It was hypothesized that the orientation of sTEA in the
coronal plane would change to varus as the lateral femoral
bowing increased, while the orientation of sTEA in the axial
plane would also be affected, which would create an uneven
medial narrow flexion gap.

Material and Methods

A total of 534 knees of 534 southern Chinese patients
who underwent TKA from August 2016 to June 2018

were retrospectively enrolled. The inclusion criteria were:
(i) knee OA (Grade 3 or Grade 4); and (ii) patients already

TABLE 1 Patient demographic characteristics

Characteristics Means � SD (range)

Age (years) 66.5 � 9.3 (31–89)
Side (left/right) 234/209
Sex (male/female) 96/347
Height (cm) 156.6 � 6.6 (135–179)
Weight (kg) 62.5 � 10.4 (40–120)
BMI (kg/m2) 25.5 � 3.7 (16.6–40.0)

A B C

D

E F

Fig. 1 Measurements of anatomical parameters on 3D CT models and radiographs. (A) The geometric center points of the cross-section of the

femoral shaft below the level of the lesser trochanter; (B) The geometric center points of the cross-section 5 cm distal to the lesser trochanter;

(C) The geometric center points of the cross-section 10 cm proximal to the knee joint line; (D) The geometric center points of the cross-section 5 cm

proximal to the knee joint line; (A) Actual femoral bowing angle (FBA): the angle between the line connecting a and b and the line connecting c and d

on the plane defined by the two lines (the blue plane); (B) lateral FBA (the red arrow), sTEA coronal angle (the green arrow), mechanical lateral distal

femoral angle (mLDFA) (the yellow arrow) on a coronal projection of the 3D CT model; (C) anterior FBA on a sagittal projection of the 3D CT model;

(D) sTEA axial angle on a axial projection of the 3D CT model (the purple arrow); (E) distal condylar axis angle (DCA) on a coronal projection of the 3D

CT model (the black arrow); (F) hip-knee-ankle angle (HKA) on an anteroposterior radiograph; the green line: surgical transepicondylar axis (sTEA); the

blue line: femoral mechanical axis; the yellow line: joint line; the purple line: posterior condyle line; the yellow plane: the coronal plane; the red

plane: the sagittal plane; the purple plane: the axial plane.
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received anteroposterior weight-bearing full lower extremity
standing radiographic examination and full lower extremity
CT scan before TKA. The exclusion criteria were: (i) history
of femoral or tibial fracture (nine in femur and seven in
tibia); (ii) previous surgical treatment (32 knees); (iii) flexion
deformity >10� (25 knees); and (iv) poor quality of image
data (18 knees).

Finally, 443 knees from 443 patients were included
(Table 1). The radiographs (Siemens DR Ysio Max, Kassel,
Germany) and CT images (Siemens Somatom Definition
Flash, Kassel, Germany) were available for all included
patients and obtained as described by Akamatsu et al.17 The
study protocol was approved by the Ethics Committee of
The First Hospital Affiliated to Army Medical University,
PLA (KY201861), and the informed consent was waived by
the review board.

Measurement on Radiographs
The hip–knee-ankle angle (HKA), the angle between the
mechanical axes of the femur and tibia, was measured using
AutoCAD (P.46.0.0 AutoCAD, Mill Valley, CA, USA) on
anteroposterior weight-bearing full lower extremity standing
radiographs, with positive values representing varus align-
ment. HKA greater than 3� for varus knees, HKA less than
�3� for valgus knees, HKA from �3� to 3� for neutral
knees.

Measurement on 3D CT Reconstruction Models

Measurement Method
For CT images, Mimics 19.0 (Materialise, Leuven, Belgium)
was used to map the relevant landmarks with coronal plane,
sagittal plane, axial plane and 3D view, and 3D reconstruc-
tion of the femur was performed; the results were imported
into CATIA 5.20 (Dassault Systèmes, Paris, France) to fit the

relevant landmarks and femoral head; each landmark was
connected with NX 12 (Siemens, Kassel, Germany) and rele-
vant data were measured.

Definition of Anatomical Parameters
The coronal plane was defined as the plane formed by the
femoral mechanical axis and the sTEA. The sagittal plane
was the plane perpendicular to the femoral coronal plane
through the femoral mechanical axis. The axial plane was the
plane perpendicular to the mechanical axis. The femoral
mechanical axis was the line between the center point of the
femoral head and the apex of the femoral intercondylar
notch. The joint line was the tangent line of the most distal
apexes of two condyles. The posterior condyle line was the
tangent line of the most posterior apexes of two posterior
condyles. According to previous studies,3 the angle between
the anatomical axis of the proximal femur and the anatomi-
cal axis of the distal femur in the plane they formed was the
actual femoral bowing angle (FBA; Fig. 1). The projection of
the actual FBA in the coronal plane was the lateral FBA, a
positive value representing lateral bowing. The projection in
the sagittal plane was the anterior FBA, a positive value rep-
resenting anterior bowing. The projection of the angle
between the sTEA and the posterior condyle line on the axial
plane was the sTEA axial angle, a positive value representing
the opening of the angle facing medial. The projection of the
lateral angle between the femoral mechanical axis and the
sTEA on the coronal plane was the sTEA coronal angle. The
projection of the lateral angle between the femoral

TABLE 2 Patient radiographic data and 3D CT model data

Parameters (�) Means � SD (range)

Actual FBA 14.4 � 3.6 (2.6–31.3)
Lateral FBA 6.0 � 4.0 (�2.4–24.2)
Anterior FBA 12.7 � 3.0 (0.0–23.1)
HKA 8.9 � 9.8 (�27.5–38.5)
DCA 0.1 � 2.8 (�10.3–9.5)
mLDFA 88.6 � 3.3 (75.8–102.1)
sTEA coronal angle 88.7 � 3.6 (73.4–102.6)
sTEA axial angle 2.1 � 2.8 (�8.3–10.8)

Abbreviations: Actual FBA, the femoral bowing angle in its forming plane;
Anterior FBA, the projection of actual FBA on the sagittal plane; DCA, dis-
tal condylar axis angle; HKA, hip-knee-ankle angle; Lateral FBA, the projec-
tion of actual FBA on the coronal plane; mLDFA, mechanical lateral distal
femoral angle; sTEA axial angle, the projection of the angle between the
sTEA and the posterior condyle line on the axial plane; sTEA coronal
angle, the projection of the lateral angle between the femoral mechanical
axis and sTEA on the coronal plane.

Fig. 2 Correlation between sTEA coronal angle and FBA. sTEA coronal

angle: the projection of the lateral angle between the femoral

mechanical axis and sTEA on the coronal plane; Actual FBA: the femoral

bowing angle in its forming plane; Anterior FBA: the projection of actual

FBA on the sagittal plane; Lateral FBA: the projection of actual FBA on

the coronal plane.
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mechanical axis and the joint line on the coronal plane was
the mechanical lateral distal femoral angle (mLDFA). The
projection of the angle between the sTEA and the joint line
on the coronal plane was the distal condylar axis angle
(DCA), a positive value representing the opening of the angle
facing medial.

To ensure the reproducibility of the measurement
results, all variables were blindly measured twice by each of
the three professionals (two experienced surgeons and one
engineer from the 3D printing studio).

Statistical Analysis
SPSS 22.0 (IBM, Armonk, NY, USA) was used for all statisti-
cal analyses. Descriptive statistics were presented in the form
of the mean, and standard deviation. The Shapiro–Wilk

method was used to test whether the data were Gaussian dis-
tributed. Independent-samples t tests were performed when
the data demonstrated a normal distribution; otherwise, the
two independent samples Wilcoxon test was used. Pearson
correlation test was carried out when the data demonstrated
Gaussian distribution, otherwise the Spearman correlation
test was employed. The intra-group correlation coefficients
(ICCs) were used to evaluate the consistency of the inter-
and intra-observer measurements. All tests were 2-tailed, and
P < 0.05 was considered statistically significant.

Results

Consistency of Measurement Results
The ICCs for the sTEA axial angle and the sTEA coronal
angle were greater than 0.7, and the ICCs for the remaining
anatomical parameters were greater than 0.8.

Measurement Results of Imaging Data
The mean values of the measured data on radiographs and
3D CT models were shown in Table 2. The range of varia-
tion of the sTEA coronal angle and the sTEA axial angle was
great, even more than 20�.

Correlation between Femoral Bowing Angle and the
Orientation of Surgical Transepicondylar Axis
Overall, the sTEA coronal angle was positively correlated
with lateral FBA (Fig. 2), HKA (Fig. 3) and DCA. The sTEA
axial angle in the female was positively correlated with DCA,
but not significantly correlated with all FBAs and HKA
(Table 3). The mLDFA was also positively correlated with
lateral FBA (r = 0.426, P < 0.01), but the correlation was less
than the sTEA coronal angle (Fig. 4).

Fig. 3 Correlation between sTEA coronal angle and HKA. sTEA coronal

angle: the projection of the lateral angle between the femoral mechanical

axis and sTEA on the coronal plane; HKA, hip-knee-ankle angle.

TABLE 3 Correlation between sTEA coronal angle and sTEA axial angle and FBA, HKA and DCA

sTEA coronal angle sTEA axial angle

Total Male Female Total Male Female

r P r P r P r P r P r P

Actual FBA 0.320 <0.001 0.179 0.080 0.369 <0.001 0.010 0.839 �0.111 0.281 0.043 0.426
Lateral FBA 0.448 <0.001 0.354 <0.001 0.465 <0.001 �0.022 0.646 �0.195 0.057 0.019 0.721
Anterior FBA 0.113 0.017 0.035 0.734 0.154 0.004 0.027 0.572 �0.053 0.605 0.042 0.434
HKA 0.482 <0.001 0.263 0.009 0.534 <0.001 �0.001 0.975 0.011 0.918 �0.004 0.937
DCA 0.486 <0.001 0.594 <0.001 0.448 <0.001 0.168 <0.001 0.116 0.262 0.184 0.001

Abbreviations: Actual FBA, the femoral bowing angle in its forming plane; Anterior FBA, the projection of actual FBA on the sagittal plane; DCA, distal condylar axis
angle; HKA, hip-knee-ankle angle; Lateral FBA, the projection of actual FBA on the coronal plane; sTEA axial angle, the projection of the angle between the sTEA
and the posterior condyle line on the axial plane, and P-value in bold signify a statistically significant difference; sTEA coronal angle, the projection of the lateral
angle between the femoral mechanical axis and sTEA on the coronal plane.
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Effect of Lower Extremity Alignment on the Correlation
between Surgical Transepicondylar Axis Coronal Angle
and Femoral Bowing Angle
After grouping by HKA, in the varus group, the sTEA coro-
nal angle was positively correlated with all FBAs; in the neu-
tral group (P < 0.01), the sTEA coronal angle was not
correlated with all FBAs; and in the valgus group (P > 0.05),
the sTEA coronal angle was only positively correlated with
lateral FBA (P < 0.01, Table 4).

Discussion

The most important finding of this study was that sTEA
coronal angle increased with the increasing of lateral

FBA in both varus and valgus knees. And sTEA coronal
angle correlated positively with varus lower extremity align-
ment. Although sTEA axial angle was not significantly corre-
lated with femoral bowing and lower extremity alignment, it
was indirectly influenced by lateral FBA in the female
population.

Surgical Transepicondylar Axis Coronal Angle Was
Positively Correlated with Lateral Femoral Bowing
Angle
The sTEA has long been considered the closest reference
axis to knee flexion-extension axis that can be used in clin-
ical practice.5,7 The orientation of sTEA in coronal plane
is believed to be perpendicular to mechanical axis,6,7

which makes sTEA play an important role in the treat-
ment of patients with bone defects and TKA revisions
since the availability of original anatomical landmarks is
limited.8 Kobayashi et al.7 indicated that sTEA was per-
pendicular to femoral mechanical axis in the coronal plane
after a study of 60 Japanese OA knees. However, they did
not clarify the lower extremity alignment and femoral
bowing of the patients, which are very common in Asian
populations and may have an effect on the coronal orien-
tation of sTEA.8,13 This study found that the sTEA coronal
angle was widely distributed and was influenced by femo-
ral bowing, especially lateral femoral bowing. The sTEA
coronal angle increased mainly with the increase of lateral
FBA, the anterior FBA also contributed but very little. This
phenomenon was seen in all knees of this study, whether
varus or valgus. Nejima et al.8 studied 82 Japanese OA
patients with varus knees and noted that the coronal ori-
entation of sTEA became more varus as lateral FBA
increased, which was consistent with the results of this
study. The positive correlation between HKA and sTEA
coronal angle was also verified in the present study, in
which the effect of lateral FBA played an important role.9

This demonstrates that sTEA is not a stable coronal refer-
ence axis and that the orientation of sTEA will become
varus when the lateral FBA is great and valgus when the
lateral FBA is small.8

The present study reached the same conclusion as
Zhang et al.9 that the coronal orientation of sTEA was
strongly correlated with the coronal orientation of femoral
joint line. Interestingly, this study also found that lateral
FBA, although it also had an effect on joint line
orientation,18 had less effect than on sTEA. When in the
standing position, the orientation of the knee flexion and
extension axis should be parallel to the floor.8 Greater
lateral FBA changes this relationship, making it varus. But
the orientation of joint line seems to be partially corrected,
even if this correction is not enough to resist the effect of
the lateral FBA. The positive correlation between sTEA
coronal angle and DCA also proves the existence of this
correction.

Fig. 4 Correlation between sTEA coronal angle, mLDFA and lateral FBA.

sTEA coronal angle: the projection of the lateral angle between the

femoral mechanical axis and sTEA on the coronal plane; Lateral FBA,

femoral bowing angle on the coronal plane; mLDFA, mechanical lateral

distal femoral angle.

TABLE 4 Correlation between sTEA coronal angle and FBAs

Correlation with
sTEA coronal angle

Varus group
(360 knees)

Neutral group
(32 knees)

Valgus group
(51 knees)

r P r P r P

Actual FBA 0.311 0.000 0.156 0.393 0.275 0.051
Lateral FBA 0.466 0.000 0.026 0.888 0.371 0.007
Anterior FBA 0.070 0.000 0.171 0.348 0.106 0.460

Abbreviations: Actual FBA, the femoral bowing angle in its forming plane;
Anterior FBA, the projection of actual FBA on the sagittal plane. Numbers
in parentheses represent the sample size. P-values in bold signify a statis-
tically significant difference; Lateral FBA, the projection of actual FBA on
the coronal plane; sTEA coronal angle, the lateral angle between the fem-
oral mechanical axis and sTEA.
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Lateral Femoral Bowing Angle also Had an Indirect
Effect on the Surgical Transepicondylar Axis Axial Angle
The orientation of sTEA in the axial plane is moreover con-
sidered to be an important reference axis for the rotational
resection of femoral posterior condyle in TKA,19,20 which is
closely related to patellofemoral kinematics, component
sizing, and symmetric medial and lateral flexion gap bal-
ance.16,19 The present study also found a wide distribution of
sTEA axial angle with a mean value of 2.1�, which was
smaller than the results of previous studies.7,21 The sTEA
axial angle does not correlate significantly with FBAs and
HKA. However, it is interesting to note that, similar to the
sTEA coronal angle, sTEA axial angle in the female popula-
tion also shows a positive correlation with DCA. This might
be because greater lateral FBA makes the orientation of the
coronal sTEA deviate varus, and in order to correct this
deviation, the femoral medial condyle becomes greater, all-
owing the orientation of the joint line to be partially
corrected while affecting the orientation of the axial sTEA,
which needs to be confirmed by further studies. The male
population did not show this phenomenon, which may be
related to the small sample size of this study. This demon-
strates that the orientation of coronal sTEA becomes more
varus in patients with great lateral FBA, while the increase of
the sTEA axial angle should also be concerned.

Strengths and Limitations
This study is the first to investigate the correlation between
the orientation of sTEA and femoral bowing in a southern
Chinese OA population using CT 3D models, and scientifi-
cally verified that sTEA is not able to be used as a reliable
reference for TKA. However, there are several limitations in
this study. First, the subjects of this study were OA patients,
and its findings may not be applicable to the healthy popula-
tion, future studies could be conducted on the healthy

population. Second, all samples were obtained from southern
Chinese, thus the results may not be applicable to other eth-
nicities, and future studies could be conducted on other eth-
nic populations. Third, 85% of the subjects in this study had
varus knees and fewer had valgus knees, which may affect
the accuracy of the results and more patients with valgus
knees should be collected in the future to continue to vali-
date the findings of this study.

Conclusion
In this study, it was found that as the lateral femoral bowing
increased, the orientation of the sTEA became more varus in
the coronal plane. In addition, in the female population, the
axial orientation of sTEA was also affected by lateral FBA,
which might result in rotation of the femoral component in
TKA even if the accurate bone cut was performed. This indi-
cates that sTEA cannot be used as a stable reference in TKA
when the patient has a significant lateral femoral bowing.
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