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Different References for Valgus Cut Angle in Total 
Knee Arthroplasty

Abstract

Background: The valgus cut angle (VCA) of the distal femur in Total Knee Arthroplasty (TKA) is measured preoperatively 
on three-joint alignment radiographs. The anatomical axis of the femur can be described as the anatomical axis of the 
full length of the femur or as the anatomical axis of the distal half of the femur, which may result in different angles 
in some cases. During TKA, the anatomical axis of the femur is determined by intramedullary femoral guides, which 
may follow the distal half or near full anatomical axis, based on the length of the femoral guide.  The aim of this study 
was to compare using the anatomical axis of the full length of the femur versus the anatomical axis of the distal half of 
the femur for measuring VCA, in normal and varus aligned femurs. We hypothesized that the VCA would be different 
based upon these two definitions of the anatomical axis of the femur.

Methods: Full-length weight bearing radiographs were used to determine three-joint alignment in normal aligned 
(Lateral Distal Femoral Angle; LDFA = 87º ± 2º) and varus aligned (LDFA >89º) femurs. Full-length anatomical axis-
mechanical axis angle (angle 1) and distal half anatomical axis-mechanical axis angle (angle 2) were measured in 
all subjects by two independent orthopedic surgeons using a DICOM viewer software (PACS). Angles 1 and 2 were 
compared in normal and varus aligned subjects to determine whether there was a significant difference.

Results: Ninety-seven consecutive subjects with normally aligned femurs and 97 consecutive subjects with varus 
aligned femurs were included in this study. In normally aligned femurs, the mean value of angle 1 was 5.05° ± 0.76° 
and for angle 2 was 3.62° ± 1.19°, which were statistically different (P= 0.0001). In varus aligned femurs, the mean 
value of angle 1 was 5.42° ± 0.85° and for angle 2 was 4.23° ± 1.27°, which were also statistically different (P= 
0.0047).

Conclusion: The two different methods of outlining the anatomical axis of the femur lead to different results in 
both normal and varus-aligned femurs. This should be considered in determination of the valgus cut angle on pre-
operative radiographs and be adjusted according to the length of the intramedullary guide.
 
Level of evidence: III
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Introduction

In total knee arthroplasty (TKA), normal alignment 
is important for favorable patient outcome (1). 
The valgus cut angle (VCA) of the distal femur is 

determined based on the angle between the anatomical 
and mechanical axes of the femur. The mechanical 
axis is one of the most important factors determining 
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prognosis of surgery (2-5). Achieving normal knee 
alignment in the surgeries of the knee, such as TKA is 
crucial (5-8). VCA is measured on a three-joint alignment 
radiograph preoperatively. The anatomical axis of the 
femur can be outlined either by using the full length of 
the femur or by using the distal half of the femur, which 
may lead to different results (3). Several studies have 
shown that varus or valgus malalignment are associated 
with unfavorable outcomes after TKA (9-12). To reduce 
the failure rate of this procedure, normal mechanical 
balance in the joints must be restored (3). The aim of this 
study is to compare the VCA of distal femur determined 
by anatomical axis of the either full length or distal half 
of the femur in both normal and varus aligned femurs. 
We hypothesized that the VCA would be different based 
on these two definitions of the anatomical axis and this 
should be considered in pre-operative planning.

Materials and Methods
Intuitional Review Board approval was obtained. From 

Jan 2011 to Dec 2013,  194 subjects were recruited from 
the outpatient clinic located in our university hospital. 
Patients with full length alignment view radiographs who 
met the inclusion criteria for this study were enrolled. 

In order to determine the mechanical Lateral Distal 
Femoral Angle (mLDFA), the center of the femoral head 
was identified using the PACS software (Clear Canvas 
Workstation Version 2.0.12729.37986 SP1). Next, a line 
was drawn tangent to the articular surface of the femoral 
condyle, and another was drawn from the center of the 
femoral head to the deepest part of the intercondylar 
notch in the distal femur. The angle between intersection 
of these two lines is called mLDFA, which determines 
whether the femoral shaft is classified as normal, varus or 
valgus [Figure 1]. 

Femurs were categorized as normal if the mLDFA was 
between 85° to 89°, in varus if mLDFA was greater than 
89° or in valgus if the mLDFA was less than 85°. Those with 
valgus femurs were excluded. Other exclusion criteria were 
deformity of the lower limb, previous surgery on the lower 
limb or presence of radiographic signs for osteoarthritis.

To outline the anatomical axis of the full length of the 
femur, a point equidistant from medial and lateral cortices 
of the femur, 1-3 cm distal to the lesser trochanter, was 
marked. Then a line was drawn from this point to the 
deepest point of the intercondylar notch, which created an 
angle between the mechanical and anatomical axes of the 
full length of the femur. We named it Angle 1 [Figure 2].

Figure 1. Mechanical - Lateral Distal Femoral Angle (mLDFA, white 
arrow). 

Figure 2. Angle between the mechanical axis of the femur and the 
anatomical axis of the full length of the femur (Angle 1, white arrow).
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To outline the angle between the mechanical axis of the 
femur and the anatomical axis of the distal half of the 
femur, which we named Angle 2, we marked the midway 
between the proximal femoral head to the most distal 
articular surface. At this level, we marked the point in the 
middle of medial and lateral cortices and then drew a line 
from this point to the deepest point of the intercondylar 
notch. This line represents the anatomical axis of the 
distal half of the femur. The angle between this line and 
the mechanical axis of femur was measured [Figure 3].  

All measurements were performed by two orthopedic 
surgeons using a DICOM viewing software (PACS). Angles 
1 and 2 were compared using t-test in normal and varus 

aligned cases.

Results
Ninety-seven consecutive subjects with normal and 

97 consecutive subjects with varus aligned femurs were 
included in this study. The mean age was 35.51 ± 12.15 
years old (range: 18 to 65 years). 55.6% of the subjects 
were female (n=108) and 44.4% of the subjects were 
male (n=86).

The average lateral distal femoral angle (LDFA) in the 
normal femoral axis and the varus groups were 87.54° 
± 0.86° and 90.89° ± 0.88° respectively. There was a 
significant difference in mean LDFA values between 
the normal and varus groups (P= 0.001). In the normal 
aligned femur group the mean values for angles 1 and 2 
were 5.05° ± 0.76° and 3.62° ± 1.19° respectively, which 
were statistically significant (P=0.0001). In the varus 
aligned femur group, the mean values of angles 1 and 2 
were 5.42° ± 0.85° and 4.23° ± 1.27°, respectively, and 
the differences were significant as well (P=0.0047). There 
was no correlation between angles 1 and 2 in relation to 
the length of the femur in patients with varus aligned 
femurs (P= 0.50) or for patients with normally aligned 
femoral axes (P= 0.70) [Table 1].

Discussion 
This study shows that utilizing either the anatomical 

axis of the full length of the femur or the anatomical axis 
of the distal half of the femur would result in different 
valgus cuts in TKA, in both normally aligned and varus 
femurs. The mean value of angle 1 (the angle between 
the mechanical axis of the femur and anatomical axis of 
the full length of the femur) was 5.05’ ± 0.76’ and the 
mean value of angle 2 (the angle between the mechanical 
axis of the femur and anatomical axis of the distal half of 
the femur) was 3.62’ ± 1.19’ in normal aligned femurs, 
which were statistically different (P=0.0001). In varus 
aligned femurs, the mean value of angle 1 was 5.42’ ± 
0.85’ and for angle 2 was 4.23’ ± 1.27’, which were also 
different (P= 0.0047). 

TKA systems use 2 types of intramedullary guide, 
short and long. The short guides follow the path of the 
anatomical axis of the distal half of the femur, which is 
different from the anatomical axis of the full length of 
the femur. So, it is crucial that the surgeons consider the 
system they are working with, and choose between the 
anatomical axis of the full length and the distal half of 
the femur according to the length of the intramedullary 
guide of the system they are using in pre-op planning. 

Surgeons have utilized several ways to measure the 

Figure 3. Angle between the mechanical axis of the femur and the 
anatomical axis of the distal half of the femur (Angle 2, white arrow).

Table 1. Comparison between angle 1 and 2 in normal aligned and varus aligned femurs

P valueSDMeanNumber of patients

P=0.0001
0.765.0597Angle 1

Normal femurs
1.193.6297Angle 2

P=0.0047
0.855.4297Angle 1

Varus femurs
1.274.2397Angle 2
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axial alignment of the lower extremity, especially in total 
knee arthroplasty pre-op planning (3). Generally in TKA, 
the valgus cut angle of distal femur is defined by the angle 
between mechanical and anatomical axes of the femur (13). 
The mechanical axis of the femur is a line drawn from the 
center of the femoral head to the center of the knee joint 
(14). However, for determining the anatomic axis of the 
femur a full-length or distal half axis can be used. Moreland 
et al  introduced a method for measuring valgus knee 
angle, in which  full-length femur is used for determination 
of anatomical axis of the femur (4). In this method, femoral 
anatomic axis I is defined as a line connecting femoral 
shaft center I, which itself is determined by bisecting the 
proximal-to-distal femur length and the mid-shaft medial-
to-lateral femur width, with the center of the knee. Then, 
femoral shaft center II is determined 10 cm above the 
center of the knee, midway between the medial and lateral 
surfaces, and femoral anatomic axis II is defined by a line 
drawn between femoral shaft center I and II. In the second 
step, valgus angles I and II are separately formed by the 
intersection of the femoral anatomic axes I and II with the 
mechanical axis of the femur. 

Oswald et al developed another method for measuring 
valgus cut angle using distal radiographs of the femur. 
In his method, mechanical axis of the femur is divided 
into three different anatomical axes, including distal 
femoral anatomical axis, central femoral anatomical axis 
and long femoral anatomical axis [Table 2] (10). The 
distal femoral anatomical axis is defined by connecting 
the midpoint of the cortical shaft 20 cm above the knee-
joint line with the deepest point in the intercondylar 
notch.  The central femoral anatomical axis is defined by 
connecting the midpoint of the cortical shaft at one-half 
of the femoral length with the midpoint of the cortical 
shaft 10 cm above the joint line. Finally, by connecting 
the midpoint of the cortical shaft at two-thirds of the 
femoral length with the midpoint of the cortical shaft 
at one-third of the femoral length, the long femoral 
anatomical axis is drawn. Oswald did not detect any 
statistical difference between these three angles (10).

In this study there were some limitations. We didn’t 
include valgus knees. Also we didn’t investigate the sagittal 
alignment of the limb which may have some effects. We think 
these 2 limitations should be addressed in future studies.  

The distinctive aspects of this study compared to 

Moreland et al and Oswald et al were the large number 
of subjects and including 2 separate populations with 
normal and varus aligned femurs. Another important 
difference between this study and previous similar 
studies was that we considered the deepest part of 
intercondylar notch as the reference point for anatomical 
axis. This point is the entry point of the intramedullary 
guide and is more relevant in pre-op and intra-operative 
planning rather than previous methods. 

Based on this study, the two different measurements of 
anatomical axis of the femur lead to different results in 
both normal and varus-aligned femurs. This difference 
should be considered in determination of the valgus 
cut angle on pre-operative radiographs and be adjusted 
according to the length of used intramedullary guide 
intra operatively. 
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Table 2. Comparison of valgus cut angel in different studies

VCA* based on  full anatomical axis  
(Degree ± SD)

VCA* based on distal half anatomical 
axis (Degree ± SD)

Moreland et al. 
5.8±0.7 (right) 4.0±0.7 (right)

P<0.001
6.0±1.0 (left) 4.1±0.9 (left) 

Oswald et al. 5.9 ± 1.9 5.7 ± 1.8 P>0.05

Present study
Normal aligned femurs 5.05 ± 0.76 4.62 ± 1.19 0.0001

Varus aligned femurs 5.42 ± 0.85 5.23 ± 1.27 0.04

* Valgus cut angle
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