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Abstract
In the current study, we investigated that how sagittal femoral bowing can affect the sagittal alignment of the femoral 
component in total knee arthroplasty (TKA).
There were 25 patients underwent TKA. Long leg radiography in lateral view was performed. The sagittal femoral bowing 
(SFB) and component alignment in relation to the sagittal mechanical axis and distal anterior cortical line (DACL) were 
measured. Finally, the correlation of component alignment and SFB was examined. 
Mean SFB was 7±2.7 degrees. The component was in flexion position in relation to mechanical axis and DACL as 8.4±2.9 
degrees and 1.7±0.9 degrees, respectively. The flexion alignment of the component was significantly correlated with SFB. 
Mechanical alignment of the limb in both coronal and sagittal axes should be preserved in TKA. SFB can significantly 
increased the flexion alignment of the femoral component. 
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Introduction  

Total Knee Arthroplasty (TKA) is a major orthopedic 
surgery with favorable results (1). Annually, 
numerous TKAs are performed all over the world 

which substantially improves the patients’ quality of life.
There are several factors affecting the outcomes of TKA, 

in which, alignment of components is an important one 
(2-6). Currently, the pre- and post-operative alignment 
of lower extremities and components of knee prostheses 
are routinely evaluated in coronal plane, while less 
attention is paid to sagittal alignment. However, based 
on the recent studies, position of components in sagittal 
plane can seriously influence the surgical outcome 
and survival of prosthesis. It has been shown that 
hyper flexion of femoral component impinges upon 
anterior part of polyethylene and anterior edge of the 
intercondyler notch, and thus increases polyethylene 
wear (7-10). Furthermore, hyperextension of femoral 
component creates a notch in the femoral cortex, 
resulting in increased likelihood of supracondylar 

fracture (8, 11-13).
Clearly, alignment of the femoral component in 

sagittal plane is determined by several factors 
including implant design, sagittal femoral bowing 
(SFB), the entry point of intramedullary guide, depth 
of guide insertion, and reamer diameter. Recently, it 
has been shown that SFB can affect the position of 
femoral component in sagittal plane (14-16). Due 
to the sagittal curvature of the femur, utilizing long 
intramedullary rod will create anterior sliding of 
the entry point leading to anterior translation of the 
cutting block, which increases the flexion gap. In 
current study, we investigated the effects of SFB on 
alignment of femoral component in sagittal plane. 
We hypothesized that the greater SFB values result in 
greater flexion of femoral component.

Materials and Methods
This retrospective descriptive-analytical study was 
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conducted on 25 patients who had undergone TKA by the 
same surgeon (M.K) using the same prosthesis (cruciate 
retaining knee prosthesis, Stryker company, USA) from 
winter 2012 to winter 2013 in Akhtar Hospital. The 
patients with any history of fracture or previous hip, 
knee, or ankle surgery were excluded. The patients signed 
an informed consent. After clinical examinations, digital 
weight-bearing long leg radiography in true lateral view 
was performed.

On x-rays, the angle between tangents to distal and 
proximal anterior femoral cortices was measured as SFB 
[Figure 1; α angle] (15). The perpendicular line to the 
plane where implant pegs were located was considered 
as implant alignment in sagittal plane [Figure 2]. In 
current study, two reference lines were used to evaluate 
the femoral component alignment; the first was the 
mechanical femoral axis in sagittal plane. There was no 
consensus on definition of this axis, however, we used the 
mechanical axis determined by implant manufacturer 
(Stryker Company). This axis is defined as the line 

extending from the center of femoral head to a point one 
centimeter anterior to Blumensaat’s line in sagittal plane 
[Figure 1; red line] (15). The second reference line was 
the distal anterior cortical line (DACL) drawn tangent to 
the anterior cortex of distal femur [Figure 2].

To assess position of femoral component in relation 
to each of these reference lines, the acute angle 
between these lines and component alignment line 
was measured as femoral component flexion. All 
measurements were performed by two orthopedists 
using Micro Dicom software. In a pilot study, inter 
observer and intra observer reliability were found 
greater than 0.9. The mean of two measurements was 
considered as the final value of component flexion. 
The correlation between values of SFB and femoral 
component flexion was determined using Pearson’s 
correlation test. Statistical analyses were performed 
using SPSS statistical software (version 16.0) P<0.05 
was considered significant.

Results
Twenty five patients (11 males and 14 females) were 

Figure 1. The measurement method of sagittal femoral bowing (α 
angle) and sagittal mechanical axis of the femur (red line).

Figure 2. Implant alignment in sagittal plane (yellow line) and the 
distal anterior cortical line (red line).
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evaluated in the current study. Patients aged 61.5±13.7 
years (Range: 53 to 72). The mean interval from the 
surgery to final visit was 1.1±0.9 years. Mean SFB was 
determined 2.7±7 degrees (Range: 4 to 16.3 degrees).

The femoral component was in flexion position related 
to the mechanical axis in all of the patients. Regarding the 
DACL, the femoral component was in neutral position in 
some of the patients and small flexion in others. Amount 
of flexion in relation to mechanical axis and DACL was 
8.4±2.9 degrees (range: 4 to 14.3 degrees) and 1.70.9± 
degrees (range: 0 to 3 degrees), respectively. Pearson’s 
correlation test showed a significant positive correlation 
between femoral component flexion in relation to 
mechanical axis and amount of SFB (r=0.798, P<0.001) 
[Figure 3]. 

Discussion
The results of the current study showed that sagittal 

alignment of femoral component is affected by SFB. 
In other word, femoral component flexion increased 
significantly with improved SFB. 

There are limited studies addressed sagittal alignment 
of femoral component. We did not find considerable 
information regarding sagittal alignment of the knee 
prosthesis in major orthopedic reference books. In 
general, there is no consensus on sagittal mechanical axis 
of the alignment of femoral bone and femoral component. 
The appropriate reference line for evaluating the femoral 
component alignment is controversial. 

The purpose of TKA is to achieve an alignment similar or 
near to the normal biomechanical alignment of the lower 
limb in both coronal and sagittal planes (17). Therefore, 
it is necessary to consider the sagittal mechanical axis of 
the lower extremity in TKA and find strategies to achieve 
normal mechanical axis after the operation. Recently, 

Kim et al. proposed that to increase the survival of the 
knee prosthesis, over all anatomic alignment of the knee 
should be placed in 3-7.5 degrees valgus. In addition, 
femoral component should be placed in 2-8 degrees 
valgus in coronal plane and 0 to 3 degrees in sagittal 
plane. Moreover, tibial component should be placed in 
90 degrees in coronal plane and 0-7 degrees in sagittal 
plane. Both components should have 2-5 degrees external 
rotation (18).   

In 2005, Tang et al. studied the alignment of femur in 
sagittal plane in Chinese population. They found that 
lateral view of the bone looks like a hockey stick. This 
exaggerated bowing on the distal end of the femur can 
affect sagittal position of the femoral component. They 
also argued that implant design should account for this 
femoral contour (14). Similar results were obtained in 
another study in China by Lu et al. (2012), who stated 
that such morphological features are indicative of the 
need for changes in how intramedullary guide rods are 
used (19). In a study in the United States, Yahyawi et 
al. (2007) showed that sagittal femoral bowing was 
smaller in distal third compared to proximal third 
and has less effect on the final amount of femoral 
component flexion (10). However, it is possible that 
distal femoral bowing is not sufficiently large in the 
Caucasian race to draw the surgeons’ attention prior 
to surgery.

Like the above-mentioned Chinese studies, in our 
current study, the overall SFB was correlated to and 
affected the amount of femoral component flexion. Due to 
the lack of knowledge about the pre- and post-operative 
sagittal alignment of the lower limb and the correct 
position of the femoral component, different techniques 
are utilized to determine the prosthesis alignment and to 
measure the bowing. It can dramatically affect the results 
of the studies and reminds the necessity of defining a 
comprehensive method. 

There are various definitions for sagittal femoral 
mechanical axis, but since the Stryker implants was 
used in current study, we utilized the mechanical axis 
defined by this company (15). Regarding the mechanical 
axis (which is the most important reference line in 
determining the alignment of the prosthesis), the 
amount of femoral component flexion was significantly 
correlated to SFB, and increased with increasing bowing. 
The femoral component was placed in neutral position 
or minimal flexion position (0-3 degrees) in relation to 
the DACL. It should be noticed that, intra operatively, 
the surgeon considers the DACL as the reference line 
and tries to align the femoral component parallel to this 
line. However, this angle may attributed to the surgeon’s 
technical error. Furthermore, the optimal reference line is 
the mechanical axis which cannot be determined exactly 
during procedure.

When inserting intramedullary rod, the surgeon should 
not merely focus on distal femur, because alignment of 
prosthesis is affected by the total bowing of the femur in 
sagittal plane.

It should be noted that among factors affecting 
sagittal alignment of the femoral component, no 
changes can be made in SFB without osteotomy, but 

Figure 3. The correlation between flexion of the femoral component 
in relation to the sagittal mechanical axis and sagittal femoral 
bowing.
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other factors can be modified. Therefore, femoral 
bowing effect should be reduced as much as possible 
by making changes in other influential factors, 
such as use of appropriate prosthesis design. 
Nowadays, the available prostheses, are designed 
and manufactured based on the morphological data 
from western societies, yet there are some anatomical 
and morphological differences between Western 
and Asian populations (20-22). Hence, in prosthesis 
design, attention to morphological features in Asian 
populations is essential. Choosing the appropriate 
entry point and the appropriate insertion depth for 
rod and reamer with the correct diameter, can have 
a major role in improving implant alignment. In 
recent years, design of navigation and Patient Specific 
Instrumentation (PSI) has been of huge interest. This 
can be very helpful in this regard, however, assessment 
of their efficiency requires further studies.

One of the limitations of the present study was its small 
sample size. The main problem was lack of sufficient 
information about how to determine and measure 
sagittal alignment of the knee prosthesis components, 
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