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Abstract
Introduction Currently, the best and simplest way that used to select the distal femoral valgus cut (DFVC) angle in total 
knee arthroplasty (TKA) is standing long leg radiograph. However, this kind of film is still not available in all hospitals. 
The purpose of this study is to compare the accuracy of different empirical DFVC angles in the restoration of the neutral 
mechanical alignment of the femoral component after TKA.
Method 125 patients who diagnosed primary osteoarthritic knee and underwent unilateral TKA were randomly assigned 
into three groups: A, B, and C, according to the use of an intramedullary guide with the DFVC angle of 4°, 5°, and 6°, 
respectively. At three months after surgery, anteroposterior hip-to-ankle computed tomography (CT) scanograms were evalu-
ated. Mechanical axis angle (MAA), mechanical lateral distal femoral angle (LDFA), femoral bowing, femoral neck-shaft 
angle (FNSA), and outliers of femoral component position were measured and compared among three groups. Independent 
influencing factors for the outliers > ±3° were determined using binary logistic regression analysis.
Results Group B was older than group A. There were no significant differences of postoperative MAA, LDFA, femoral 
bowing, and FNSA among three groups. Outliers > ±3° of femoral component position in each group were 14.6%, 19.0%, 
and 16.7%, respectively (p = 0.865). When considering the outliers > ±2°, group C (35.7%) had a trend to have fewer outliers 
than groups A and B (41.5 and 42.9%). However, this finding was not reached the statistical significance (p = 0.778). Femoral 
bowing was only significantly influencing factors that related to the outliers > ±3° (p = 0.003).
Conclusion This study demonstrates that there are no significant differences in coronal femoral component alignment among 
using the DFVC angle of 4°, 5°, and 6°. The use of the DFVC angle of 6° had a trend to reduce the outliers. Nevertheless, 
femoral bowing is the crucial influencing factor for selecting the degree of DFVC angle.

Keywords Distal femoral valgus cut · Distal femoral cut · Osteoarthritis · Knee · RCT  · Randomized controlled trial · 
TKA · Total knee arthroplasty · Total knee replacement

Introduction

Accurate coronal alignment after total knee arthroplasty 
(TKA) is one of the critical factors that correlate with 
good clinical outcome [1]. According to Insall’s concept 
[2], most surgeons aim to realign the knee to the neutral 
mechanical axis. Setting the alignment in TKA, the con-
ventional instruments are commonly used. It consists of 
an extramedullary guided rod for proximal tibial resec-
tion and intramedullary (IM) guided rod for distal fem-
oral resection. Nevertheless, this method has a limited 
degree of accuracy and leads to malalignment or outliers. 
Alcelik et al. [3] conducted a meta-analysis of 12 stud-
ies and revealed that 26.2% of TKA using conventional 
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instruments had overall alignment outliers > ± 3° and 
17.6% of femoral and 8.8% of the tibial component had 
outliers > ±3° in the coronal plane, respectively.

Accuracy of the use of IM guided rod in femoral com-
ponent placement is depended on several factors, including 
the fitness of rod within the femoral canal, impaction of 
plate to rest against the distal femoral condyles [4], loca-
tion of the entry point into the distal femur [5], femoral 
bowing in coronal plane [6], height of the patient [7], and 
selection of a distal femoral valgus cut (DFVC) angle. The 
degree of the DFVC angle can be determined with sev-
eral methods. First, the distal femur is resected at a fixed 
angle. Based on the assumption that the angle between the 
femoral anatomical and mechanical axis is approximately 
5° [8], a fixed valgus correction angle of 5° is chosen. 
Nevertheless, the variation of this angle is depended on 
individuals and preoperative deformity [9]. Second, using 
the standing preoperative long leg radiograph, the DFVC 
angle is measured from the difference between the femoral 
anatomical and mechanical axis. Nevertheless, this benefit 
is still unclear [4, 10]. Furthermore, several hospitals have 
a limited facility of standing long leg radiographs. Thus, 
most surgeons have to performed TKA using only conven-
tional knee radiograph preoperatively.

As we knew, this is the first randomized controlled trial 
that aims to find out the best empirical DFVC angle [4°, 
5°, and 6°] to restore the neutral mechanical axis of the 
femoral component after TKA. Additionally, we also aim 
to determine the influencing factors to coronal malalign-
ment of femoral component positioning.

Materials and methods

Our institutional review board approved this study. The 
Thai patients who were diagnosed with primary osteoar-
thritic knee and scheduled to undergo unilateral TKA were 
recruited. Patients with previous complex knee surgery, 
extra articular deformity of the knee, retained hardware at 
hip or femur, and those who refused consent were excluded. 
In the operative theater, all eligible patients were randomly 
assigned to three groups according to the degree of DFVC 
angle; groups A, B, and C used 4°, 5°, and 6°, respectively. 
A randomized sequence was generated by a computer pro-
gram using the blocks-of-six technique. The sequence was 
concealed by opaque envelopes and opened by the scrub 
nurse before the operation.

Three experienced arthroplasty surgeons (CK, NR, and 
PC) who used similar surgical techniques performed all 
the operations. All TKAs were carried out under regional 
anesthesia using a tourniquet pressure of 300 mmHg. A 
mini-medial parapatellar approach was used. In 90° of 
knee flexion, osteophytes around intercondylar notch were 
removed for identifying its upper border. Whiteside’s line 
[11], which defined as a line from the deepest part of the 
trochlea groove anteriorly to the center of the intercondy-
lar notch, was drawn. An entry point for IM guided rod 
was marked as 2 mm medial and 10 mm superior to the 
top of intercondylar notch [12]. The 8 mm IM drill with 
the step was used to drill a hole at the entry point. The 
side-cutting minimal invasive surgery quadriceps-sparing 
(MIS-QS) instrumentation (Zimmer, Warsaw, IN, US) was 
used to perform the distal femoral bone cut (Fig. 1). The 

Fig. 1  a Entry point (E) of 
intramedullary guided rod for 
distal femoral bone cutting. 
b Intraoperative insertion of 
side-cutting minimal invasive 
surgery quadriceps-sparing 
instrumentation
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degree of the DFVC angle of the instrument was selected 
according to the randomized sequence. The proximal 
tibia was cut perpendicular to the mechanical axis using 
an extramedullary guided rod. All patients received the 
cemented Nexgen LPS-Flex fixed-bearing prosthesis (Zim-
mer, Warsaw, IN, US) without patellar resurfacing.

Demographic data including age, gender, operated side, 
weight, height, body mass index (BMI), and preoperative 
anatomical femorotibial angle (FTA) were recorded. At 
three months after surgery, anteroposterior hip-to-ankle 
computed tomography (CT) scanograms, with the patella 
orientated straight ahead and centered over the femoral 
condyles, were evaluated. Two independent blinded out-
come assessors measured the radiographic outcomes using 
the digital tools of the picture archiving and communica-
tion system (PACS). The center of the femoral head was 
determined using the circle tool. The center of the knee 
was defined as the apical midpoint of the intercondylar 
notch of the femoral component. The center of the talar 
dome was defined as the center of the ankle. The femoral 
mechanical axis (FMA) was described as a line between 
the center of the femoral head and the center of the knee, 
while the tibial mechanical axis (TMA) was described as 
a line between the center of the knee and the center of 
the ankle. Mechanical axis angle (MAA) defined as the 
angle between FMA and TMA was measured. The femo-
ral component alignment was determined using the lateral 
distal femoral angle (LDFA). This angle formed by a line 
connecting the distal femoral component surface and the 
FMA (Fig. 2).

According to the method of Mullaji et al. [6], the femoral 
bowing was measured in the coronal plane. Three points 
were marked on the femoral shaft as followings:  Fp, a point 
bisecting the shaft at the lower border of the lesser tro-
chanter;  Fd, a point bisecting the shaft 10 cm proximal to 
the knee joint; and  Fc, a point bisecting the shaft midway 
between  Fp and  Fd. Femoral bowing was the angle between 
the line  FpFc and  FdFc. The other radiographic parameter, 
femoral neck-shaft angle (FNSA), was also measured as 
followings: superior and inferior head-neck junctions were 
identified. A line between these two points was drawn and 
defined as the head-neck junction plane. A line crossing the 
center of the femoral head and perpendicular to the head-
neck junction plane was created and represented as a femoral 
neck axis (FNA). FNSA was the angle between the FNA and 
the line  FpFc (Fig. 2).

To calculated the sample, the previous study of Victor 
et al. [13] reported that the use of fixed 5° of DFVC angle 
had 14% of the outlier > ±3° (86% of success rate). In order 
to detect a significant difference (p < 0.05) with 20% of the 
non-inferiority margin, a sample size of 38 knees per group 
was estimated to have sufficient power of 0.8. When com-
bined with an assumed lost-to-follow-up rate of 10%, we 

recruited a total of 126 patients (42 knees per group) in this 
study.

Statistical analysis

Data were analyzed using SPSS version 18.0 (Chicago, 
Illinois). Continuous and categorical data were presented 
as mean ± standard deviation and number (percentage), 
respectively. The differences among the three groups were 
analyzed using one-way ANOVA and chi-square test. Once 
the differences existed among the mean, Bonferroni post hoc 
test was used to determine which groups differed. Binary 
logistic regression analysis was used to identify the influenc-
ing factors that related to coronal alignment outliers > ±3° 
of femoral component positioning. Statistical significance 
was set at a p-value < 0.05.

Results

A total of 126 patients were recruited in this study. One 
patient in group A had a loss to follow-up. Thus, the remain-
ing 125 patients were included in the final analysis. The 

Fig. 2  a Postoperative hip-to-ankle CT scanogram showing the center 
of the femoral head (A), the center of the knee (B), the center of the 
ankle (C), the femoral mechanical axis (FMA), the tibial mechani-
cal axis (TMA) and mechanical axis angle (MAA). b The measure-
ments of lateral distal femoral angle (LDFA), femoral bowing angle 
(the angle between the line  FpFc and  FdFc:  Fp, a point bisecting the 
shaft at the lower border of the lesser trochanter;  Fd, a point bisecting 
the shaft 10 cm proximal to the knee joint; and Fc, a point bisecting 
the shaft midway between  Fp and  Fd) and femoral neck-shaft angle 
(FNSA, the angle between femoral neck axis (FNA) and  FpFc)
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flow of patients was summarized in the CONSORT diagram 
(Fig. 3). Patient characteristics were comparable among the 
three groups except for age. Group B was significantly older 
than group A (Table 1).

For postoperative radiographic outcomes, there were 
no significant differences of MAA, LDFA, femoral bow-
ing, and FNSA among three groups. The boxplot of LDFA 
in each group was shown in Fig. 4. The outliers > ±3° 
of femoral component positioning in groups A, B, and C 
were 14.6%, 19.0%, and 16.7%, respectively. When con-
sidering the outliers > ±2° of femoral component posi-
tioning, group C had a trend to have fewer outliers than 

other groups. However, these findings were not reached 
the statistical significance (Table 2).

To identify the influencing factors that related to outli-
ers > ±3° of femoral component positioning, The inde-
pendent variables including age, gender, BMI, femoral 
bowing, and FNSA were fit in the binary logistic regres-
sion model. We found that femoral bowing was only sig-
nificantly influencing factor that related to the outliers 
(p = 0.003). Femoral bowing in the patients who had out-
liers > ±3° was 5.0 ± 4.0°, while in the patients who had 
not outliers > ±3° was 2.5 ± 2.1° (Fig. 5).

Fig. 3  Patient flowchart

Table 1  Patient characteristics

BMI body mass index, FTA femorotibial angle
*Significant difference between group A and B

Characteristics Group A (n = 41) Group B (n = 42) Group C (n = 42) p-value

Age (yr) 67.8 ± 7.0 71.8 ± 7.2 69.8 ± 7.4 0.047*
Gender (female, %) 34 (82.9%) 37 (88.1%) 38 (90.5%) 0.576
Side (right, %) 18 (43.9%) 22 (52.4%) 19 (45.2%) 0.706
Weight (kg) 66.7 ± 11.5 64.9 ± 10.6 62.0 ± 11.1 0.147
Height (cm) 156.5 ± 7.8 154.8 ± 6.2 154.6 ± 6.9 0.403
BMI (kg/m2) 27.2 ± 4.3 27.1 ± 4.0 25.9 ± 4.1 0.270
FTA (°) 183.1 ± 5.6 184.6 ± 4.8 183.5 ± 4.4 0.387
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Discussion

The selection of the DFVC angle relied on the relationship 
between the FMA and anatomical axis of the femur, most 
commonly mentioned as 5° or 6° [14]. However, the high 
variation of this angle was found in an Asian population 
with end-stage osteoarthritis [15]. Although Nam et al. [4] 
reported that the use of hip-to-ankle radiographs for meas-
uring a DFVC angle could improve the alignment in TKA, 
this long radiograph was not available in all hospitals due 
to costly cost and the need for special equipment. Thus, we 
aimed to find out the best empirical DFVC angle for helping 
the surgeon to reduce the alignment outliers.

This study’s notable findings were no significant differ-
ence in femoral component positioning among using 4°, 
5°, or 6° of DFVC angle. A 6° DFVC angle had a trend to 
reduce the outliers > ±2°. Compared with previous studies, 
Andrews et al. [16] reviewed 788 radiographs and suggested 
that using a DFVC angle of 6° was a reliable surgical tech-
nique and resulted in a neutral alignment in 86% of patients. 

Moreover, Mullaji et al. [6] reported that the means distal 
femoral axis-mechanical axis angle in Indian patients were 
7.3 ± 1.6°. Their results help explain why using a 6° DFVC 
angle had a trend to reduce the outliers > ±2° in our study.

The significance of femoral bowing was another impor-
tant finding in our study. Coronal bowing of femur and tibia 
were common in Asians with the osteoarthritic knee [6, 
17–19]. Kobayashi et al. [17] reported that femoral bowing 
in Japanese patients varied from − 7.4° to 10.9°. While Yau 
et al. [19] demonstrated that the incidence of femoral bow-
ing > 2° in the Chinese population was 62%, with a mean 
of 5.3 ± 4.0° [19], this value was comparable to the outli-
ers group in our study. Furthermore, Kim et al. [20] found 
that the femoral IM guide angle was mainly influenced by 
the shape of the femoral shaft. The femoral bowing had a 
more significant effect on the coronal alignment of TKA 
than proximal (or FNSA) or distal variations (or LDFA) of 
femoral shape. In the limited-resource hospital, we recom-
mended that the evaluation of femoral bowing using anter-
oposterior radiograph of femur might be advantageous for 
reducing the femoral component outliers.

Fig. 4  Boxplot diagram of the postoperative lateral distal femoral 
angle (LDFA) in each group

Table 2  Postoperative 
radiographic outcomes and 
outliers

MAA mechanical axis angle, LDFA mechanical lateral distal femoral angle, FNSA femoral neck-shaft angle

Outcomes Group A (n = 41) Group B (n = 42) Group C (n = 42) p-value

MAA (°) 181.6 ± 2.9 181.3 ± 2.7 181.0 ± 4.4 0.721
LDFA (°) 91.5 ± 2.2 91.5 ± 2.3 91.5 ± 2.7 0.998
Femoral bow (°) 2.3 ± 2.4 3.4 ± 2.5 3.1 ± 3.0 0.121
FNSA (°) 130.5 ± 5.2 131.5 ± 6.8 130.5 ± 5.5 0.642
Outliers (%)
 > ±3° 6 (14.6%) 8 (19.0%) 7 (16.7%) 0.865
 > ±2° 17 (41.5%) 18 (42.9%) 15 (35.7%) 0.778

Fig. 5  Boxplot diagram of the femoral bowing angle between outliers 
(> 3) and non-outliers group
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If a standing long leg radiograph was not feasible in 
clinical application, we recommended routinely using the 
6° DFVC angles to reduce the femoral component outlies, 
especially in the Asian population. In another option, the 
surgeon could decide the optimal DFVC angle from the pre-
operative anteroposterior radiograph of the femur available 
in any hospital.

Limitations

There were several limitations to our study. Firstly, we stud-
ied only Thai patients relatively small compared to Cau-
casians. Drexler et al. [7] found that height and medial hip 
offset were the main determinants of the DFVC angle during 
TKA. Thus, the alternative results might be happening in 
other races. Secondly, our study focused only 4°, 5°, or 6° of 
the DFVC angle. Some studies reported that using a fixed 7° 
DFVC angle had no significant differences in femoral com-
ponent alignment than the DFVC angle from hip-to-ankle 
radiograph measurement [21]. Thirdly, we have known that 
it was challenging to detect the few degrees of radiographs’ 
differences. Nevertheless, the randomized controlled design, 
blinding to the assessors, and standard anteroposterior hip-
to-ankle CT scanogram could accommodate us to reduce 
the bias, including the slight rotation of the scanogram that 
influenced the outcomes were inevitable.

Future direction

This study proved that the distal femoral empirical cut using 
the IM cutting guide may not be accurately perpendicular 
to the mechanical axis or as we intended preoperatively. 
We should go further into the individualized femoral cut 
by utilizing the feasible tools to enhance the mechanical 
axis’s accuracy, such as requesting long-standing film, gyro-
scopic assist device, computer-assisted surgery, robotic-arm 
assisted surgery in the future.

Conclusion

There was no significant difference in femoral component 
positioning among using 4°, 5°, or 6° of DFVC angle. In 
terms of the trend to diminish the outliers, the selection of 
6° might be the best empirical DFVC angle for the limited-
resource hospital. However, all surgeons must consider the 
critical effect of coronal femoral bowing.
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