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Relationship between Lateral Femoral Bowing and
Varus Knee Deformity Based on Two-Dimensional
Assessment of Side-to-Side Differences
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Department of Orthopaedic Surgery, Daegu Catholic University Medical Center, Daegu, Korea

Purpose: The objective was to evaluate the relationship between side-to-side differences of lateral femoral bowing and varus knee deformity based on
two-dimensional (2D) assessment in unilateral total knee arthroplasty (TKA).
Materials and Methods: A total of 143 patients with varus knee osteoarthritis who underwent unilateral TKA were enrolled. We evaluated the sideto-side differences of the frontal lower limb alignment by assessing lateral femoral bowing, anatomical medial distal femoral angle, and anatomical
medial proximal tibial angle (aMPTA).
Results: The average values of all anatomical indices were significantly different between the operated side and the non-operated side (p<0.05).
The side-to-side difference in hip knee ankle (HKA) angle had a statistically significant correlation with that in lateral femoral bowing (intraclass
correlation coefficient, 0.259; p=0.002) and that in aMPTA. Linear regression analysis showed 0.199° of side-to-side difference in lateral femoral
bowing was associated with 1° of side-to-side difference in bilateral HKA angle.
Conclusions: The side-to-side difference in lateral femoral bowing showed a tendency to increase in proportion to varus knee deformity based on 2D
assessment in unilateral TKA patients.
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Introduction

functional deterioration after surgery3,4).
Assuming symmetrical features of human anatomy and ab
sence of congenital anatomic differences, it is possible to evaluate
radiologically the relationship between side-to-side differences
of anatomic indices and the extent of varus knee deformity in a
patient with unilateral degenerative changes of the knee.
There are some controversies on the relationship between lat
eral femoral bowing and varus knee deformity1,5). The objective
of this study was to evaluate side-to-side differences of lateral
femoral bowing and degrees of varus knee deformity using a
two-dimensional (2D) measurement method. We evaluated the
differences in coronal alignment femoral lateral bowing between
the operated side and the non-operated side in patients who un
derwent unilateral TKA. The patients had pain on the operated
side that interfered with daily life and did not improve in spite of
conservative treatment using non-steroidal anti-inflammatory
drugs and injection therapy. The non-operated side in same
patients did not require TKA due to the absence of pain or pain
responsive to conservative treatment.

Lateral femoral bowing is often seen in patients with varus
knee osteoarthritis (OA), more prominently in Asians. As varus
knee OA progresses, the degree of lateral femoral bowing also in
creases1,2). The clinical problem of lateral femoral bowing is that a
several lateral bowing increases the risk of errors in femoral bone
cutting during total knee arthroplasty (TKA), which can result in
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We hypothesized that the side with greater varus deformity
would show greater lateral femoral bowing deformity than the
other side in a patient who underwent unilateral TKA.

Materials and Methods
This study was conducted in a retrospective manner using the
radiological data obtained from 143 patients who underwent
unilateral TKA (Fig. 1) performed by the same surgeon from Jan
uary 2007 to December 2013. During this period, a total of 975
primary TKAs were performed at our institution: bilateral TKA
in 389 patients (778 TKAs) and unilateral TKA in 197 patients
(197 TKAs).
Of the 197 unilateral TKA patients, those with the following
conditions were excluded: valgus knee deformity (n=22), a past
history of lower limb mid shaft fracture surgery affecting the me
chanical axis of the lower limb (n=8), and inflammatory arthritis
(n=11). Thirteen additional patients were also excluded due to
poor preoperative radiological information caused by incorrect
postures. The characteristics of the included patients are summa
rized in Table 1.
The study received Institutional Review Board approval at the
author’s institution (Daegu Catholic University Hospital, IRB
number: CR-16-112).
1. Radiographic Measurements
The knees were categorized as the operated side and nonoperated side. The Kellgren-Lawrence (KL) grade of each side
was checked by one of the authors using the standing short knee
anteroposterior (AP) radiograph obtained before surgery. Two
researchers who were blinded to the study assessed the follow
ing parameters on the 3-month postoperative standing whole leg
AP view using the picture archiving and communication system

(PACS) twice with an interval of one month: hip knee ankle
(HKA) angle, lateral femoral bowing, anatomical medial distal
femoral angle (aMDFA), and anatomical medial proximal tibial
angle (aMPTA)6). The HKA angle was defined as the angle be
tween the line drawn from the center of the femoral head to the
midpoint of the tibial eminence (spine) and the line connecting
the center of the talus and the midpoint of the tibial eminence
(spine). Lateral femoral bowing was defined as an acute angle
formed between the line drawn at the center of the femur below
the level of the lesser trochanter to pass the center of the femur
at a point 5 cm distal to the starting point and the line extending
from the center of the femoral distal condyle through the center
of the femur at a 5 cm proximal portion and a 5 cm further prox
imal point3) (Fig. 2A). Lateral bowing was expressed in a positive
value while medial bowing was expressed in a negative value.
The aMDFA was defined as the medial angle formed by the ana
tomical femoral axis and the line connecting the distal femoral
condyles (Fig. 2B). The aMPTA was defined as the medial angle
formed from by the mechanical tibial axis and the bilateral tibial
plateau (Fig. 2C).
2. Comparison of Measured Values
After comparing the side-to-side differences in anatomical
index values in unilateral TKA patients, we investigated the dif
ferences according to the KL grade using a paired t-test. The as
Table 1. Demographic and Clinical Data from Patients with Varus Knee
Osteoarthritis
Characteristic
Total
Female:male

Value
143
112:31

Right:left

65:78

Age (yr)

69.24±6.79

KL grade of knees
Primary TKA (n=975 cases)
778 Cases of bilateral TKA
197 Cases of unilateral TKA

Exclusion criteria
1. Bilateral TKA (778)
2. Valgus knee deformity (22)
3. Poor radiological information (13)
4. Inflammatory arthritis (11)
5. Mid shaft fracture surgery (8)

Unilateral TKA due to varus knee
osteoarthritis (143 knees)

Fig. 1. Flowchart of patient selection. TKA: total knee arthroplasty.
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TKA side
Grade 3

56 (39)

Grade 4

87 (61)

Non-TKA side
Grade 1

73 (51)

Grade 2

59 (41)

Grade 3

11 (8)

HKA angle (°)
TKA side

169.99±4.65

Non-TKA side

175.43±3.73

Values are presented as mean±standard deviation or number (%).
KL: Kellgren-Lawrence, TKA: total knee arthroplasty.
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A

B

sociations between the side-to-side differences in HKA angle and
those in anatomical indices were evaluated using Pearson correla
tion coefficient.

C

Fig. 2. Radiographic measurements of
lateral femoral bowing (A), medial distal
femoral angle (B), and medial proximal
tibial angle (C).

Table 2. Intraclass Correlation Coefficients (ICCs) of Radiographic
Measurements
Parameter

ICC
Intraobserver

Interobserver

3. Statistical Analysis
Differences in cross-sectional anatomical indices between the
operated side and non-operated side were compared using a
paired t-test. SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) was
used for all statistical analysis. A p-value less than 0.05 was con
sidered statistically significant. Pearson correlation coefficient
was used to assess the association between the side-to-side dif
ference in HKA angle and that in anatomical indices including
femoral lateral bowing. The association between the HKA angle
and femoral lateral bowing was determined by obtaining a linear
regression line.

LFB: lateral femoral bowing, aMDFA: anatomical medial distal femoral
angle, aMPTA: anatomical medial proximal tibial angle, HKA: hip knee
ankle.

4. Reliability Analysis of Radiation Measurement
Two researchers who were blinded to the objective of this study
performed measurement after receiving training on radiographic
measurements. Measurement was carried out by each researcher
twice with a one-month interval. After completion of measure
ment, we analyzed the inter- and intraobserver reliability. Based
on the observed reliability, measurements taken by a single inves
tigator were used in the analysis.

1. Comparison of Anatomic Indices Including Lateral Femoral
Bowing between the Operated Side and Non-Operated Side
Based on the paired t-test, the average values of anatomical
indices showed statistically significant differences between the
operated and non-operated sides (p<0.05 for all) (Table 4). The
sample size was 143 patients, which had more than 80% statistical
power for detecting significant side-to-side differences in lateral
femoral bowing.

Results

2. Association of Side-to-Side Differences in HKA Angle and
Anatomical Indices
To determine the association of side-to-side difference in

The intraclass correlation coefficients (ICCs) of the radio

LFB (°)

0.91

0.89

aMDFA (°)

0.85

0.77

aMPTA (°)

0.88

0.84

HKA angle (°)

0.92

0.81

graphic measurements were all above 0.8 (Table 2). The mean
Lateral femoral bowing was 4.37°±4.65° on the operated side and
3.37°±4.68° on the non-operated side (Table 3).
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Table 3. Anatomical Indices of the Operated Side and Non-Operated
Side in Unilateral Total Knee Arthroplasty Patients
Parameter

20

No.

Mean±SD

15

LFB

143

4.37±4.65

10

MDFA

143

95.45±3.03

MPTA

143

84.31±3.47

LFB

143

3.37±4.68

MDFA

143

96.14±3.74

MPTA

143

86.34±2.53

Operated side (°)

61

Femoral lateral bowing difference

5

Non-operated side (°)

0
10

5

0

5

10

15

25
20
HKA angle difference

5

SD: standard devation, LFB: lateral femoral bowing, MDFA: medial
distal femoral angle, MPTA: medial proximal tibial angle.

10
15

Table 4. Side-to-Side Comparison of Anatomical Indices Including
Femoral Lateral Bowing in Unilateral TKA Patients
Variable

Mean±SD

95% CI

p-value

TKA-non TKA side (°)
Lateral femoral bowing

0.99±3.86

0.35 to 1.63

Fig. 3. A linear regression model with 12.4% of explanatory power show
ing 0.199° of side-to-side difference in lateral femoral bowing per 1° of
side-to-side difference in hip knee ankle (HKA) angle.

0.00

Medial distal femoral angle

–0.68±4.05

–1.35 to –0.01

0.04

Medial proximal tibial angle

–2.03±3.47

–2.60 to –1.45

0.00

TKA: total knee arthroplasty, SD: standard deviation, CI: confidence
interval.

HKA angle with that in anatomical indices, Pearson correlation
coefficient was used. The side-to-side difference in HKA angle
showed statistically significant association with that in lateral
femoral bowing (ICC, 0.259; p=0.002) and in MPTA (ICC, 0.534;
p=0.000).
3. Regression Analyses of Side-to-Side Difference in HKA
Angle and Lateral Femoral Bowing
A linear regression model with 12.4% of explanatory power
showed that there was 0.199° of side-to-side difference in lateral
femoral bowing per 1° of side-to-side difference in HKA (Fig. 3).
For aMPTA, a linear regression model with 46.8% of explanatory
power showed there was 0.389° of side-to-side difference per one
degree of side-to-side difference in HKA.

Discussion
The most important finding of this study is that lateral femoral
bowing shows a tendency to increase proportionally to varus
knee deformity in 2D assessment. Previously, some authors
evaluated the relationship between knee OA and knee alignment

in a cross-sectional study7); however, the knees in the study group
and control group were not from the same patients in the study.
Therefore, they only investigated the difference of frontal lower
limb alignment in accordance with degrees of varus knee defor
mity. By contrast, we evaluated the relationship between lateral
femoral bowing and varus knee deformity by comparing the
operated side and non-operated side of the enrolled patients who
had unilateral TKA. Thus, we were able to evaluate whether the
side-to-side difference in lateral femoral bowing was associated
with progression of varus knee deformity.
Lasam et al.3) reported that an average of 5.4° of lateral femo
ral bowing was present in a Korean population (n=367) who
underwent unilateral TKA due to knee OA. They also found
that an average of 3° of femoral lateral bowing was present in
60 people with normal knees in the age- and gender-matched
control group. The measurement method of lateral femoral bow
ing using PACS in that study was also utilized in our study. In
our patients, the mean lateral femoral bowing of the operated
side was 4.36°, compared to 3.37° in the non-operated side. It
has been reported that aMPTA has the value of 87° for the tibial
anatomical axis. Also, MDFA has the value of 99° for the femoral
anatomical axis8). In our study, the mean anatomical MDFA for
the operated side and non-operated side was 95.45°±3.03° and
96.14°±3.74°, respectively, whereas the mean anatomical MPTA
was 84.31°±3.47° and 86.34°±2.53°, respectively.
In this study, side-to-side differences in HKA angle and lateral
femoral bowing were shown to have statistically significant as
sociation. With a linear regression model that had an explanatory
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power of 12.4%, it was identified that a 0.199° of side-to-side
difference in lateral femoral bowing would occur per one degree
difference in HKA angle between two sides.
The association of anatomic side-to-side differences occurring
as a secondary change due to the progression of degenerative
arthritis with other factors such as gender and age has been re
ported previously9). In the current study, we only focused on dif
ferences in anatomic indices between the knees treated with TKA
and those that did not require any surgery.
This study has several limitations. First, bilateral anatomical
symmetry around the knee joint has not yet been established.
However, side-to-side comparison of knee anatomy seems to be
common in unilateral joint disease studies10-12). Eckstein et al.12)
showed comparable bilateral knee joint anatomy in terms of
the articular surface area and volume and the local thickness of
cartilage using magnetic resonance imaging. Second, there is a
possibility of radiographic measurement errors. In the case where
surgery is required due to severe degenerative arthritis, limitation
of knee extension and rotational changes may cause measure
ment errors. In order to address this issue, one of the authors
screened the whole leg standing views of patients who underwent
TKA for unilateral varus knee arthritis prior to measurement
and excluded 13 patients from the study, who showed differences
in the knee joint level due to the limitations of extension, inad
equate postures in radiography, or differences in rotation with
differently sized lesser trochanters. Third, this study was focused
on anatomic changes in 2D coronal alignment only. Recently,
many studies have discussed anatomic changes using three-di
mensional (3D) spatial images13). Akamatsu et al.14) reported 3D
measurements of lateral femoral bowing were much smaller than
2D measurements. They also suggested that computed tomog
raphy is more useful for assessing lateral femoral bowing when
planning reconstructive knee surgeries. Fourth, though lateral
femoral bowing could cause bone cutting errors in artificial joint
surgeries depending on the degree of varus knee deformity3,4), we
did not evaluate its impact on the postoperative clinical results,
which was beyond the scope of the study, and thus this should be
taken into consideration when interpreting our results.

Conclusions
Lateral femoral bowing showed a tendency to increase propor
tionally to varus knee deformity in 2D assessment.
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