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Abstract 

Background Prosthetic alignment and size are important factors in achieving a 

long-term survival in TKA. Although two-dimensional and three-dimensional (3D) 

planning for component sizing has been introduced, it sometimes is difficult to cut the 

bones accurately according to preoperative planning.  It is unclear whether changing 

sagittal alignment of the distal femur affects the AP dimension and sizing of the 

prepared bone. 

Questions/purposes We therefore determined whether the AP dimension of the 

prepared distal femur increases if the distal femur is cut in extension and decreases if it 

is cut in flexion. 

Methods One hundred knees were evaluated using 3D imaging software. The AP 

dimension of the cutting surface was measured when the femoral component was 

aligned perpendicular to the anatomic axis. The measurement was repeated when the 

distal bone cut was planned in flexed positions of 3° and 5° and extended positions of 

3° and 5°. 

Results The AP dimension of the prepared femur was increased by 2 and 3 mm with 3° 
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and 5° extension, respectively. The AP dimension of the prepared femur was decreased 

by 2 and 3 mm with 3° and 5° flexion, respectively. 

Conclusions Our data suggest upsizing or downsizing of the femoral component can 

occur if the femoral osteotomy is performed in at least 3° extension or flexion. 

Level of Evidence Level II, diagnostic study. See Guidelines for Authors for a complete 

description of levels of evidence.
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Introduction 

TKA is one of the most successful treatments for advanced arthritis [10, 16, 17]. 

Detailed preoperative planning can help achieve desired alignment and sizing.  

Femoral AP and mediolateral sizing mismatches are frequent in TKA [6, 11]. Overhang 

of components may cause knee pain and increments of patellofemoral joint pressure [8, 

11]. However, underhang may increase bleeding into the knee and permit increased 

osteolysis [6]. The size and shape of the prosthesis are determined by a gross estimate 

of the morphologic features of the knee. A cutting error of the distal femur might result 

in selecting larger or smaller implants compared with the patient’s anatomy, causing a 

sizing mismatch between the AP and mediolateral dimensions. These errors are 

attributable to the difficulty in accurately cutting the bone according to preoperative 

planning [1, 18].  

Changing sagittal alignment of the distal femur might affect the AP dimension and 

sizing of the prepared bone with the anterior referencing method. To avoid anterior 

notching, the femoral component can be located anteriorly when the component is 

placed in an extended position. When the distal femur is cut in a flexed position, the 
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femoral component can be located posteriorly to avoid an anterior space between the 

implant and bone. Varying the AP position of the component also would change AP 

sizing. However, it is unclear whether and to what degree a distal femoral cutting error 

in the sagittal plane influences the AP dimension and size of the femoral component.  

We therefore asked the following questions: (1) Does the AP dimension of the prepared 

distal femur increase if the distal femur is cut in extension and does the dimension 

decrease if it is cut in flexion? (2) Are these changes large enough to result in the need 

for a different size implant if the distal femur is cut in flexed or extended positions of 

3° and 5°? 

Patients and Methods 

We retrospectively evaluated 100 knees in 90 patients who had varus deformities 

before TKA. There were 18 men and 82 women. The average (± SD) age of the 

patients was 74.9 ± 8.0 years and the average hip-knee-ankle angle of the knees was 

12.0° ± 6.3 in varus. We excluded patients who had valgus deformities or a history of 

previous knee surgery. 

All measurements were performed using 3D imaging software for the bisurface 
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prosthesis (3D template version 02.02.02; Japan Medical Materials Corp, Osaka, 

Japan) based on the CT data. All patients had a CT scan of the affected limb. The AP 

dimensions in standard, flexed, and extended positions were measured as follows. First, 

the femoral component was aligned perpendicular to the mechanical axis in the coronal 

plane (Fig. 1A) and parallel to the surgical epicondylar axis in the axial plane (Fig. 1B). 

Planning then was performed in the sagittal plane to align the femoral component 

perpendicular to the femoral anatomic axis. The anatomic axis was defined as a line 

connecting the middle point of the femoral axis 15 cm and 5 cm proximal from the 

femoral intercondylar fossa (Fig. 2). We chose the appropriate femoral component size 

so there was no excessive overhang of the component from the femoral lateral 

posterior condyle. The AP position of the femoral component was adjusted so that the 

anterior lateral flange of the component did not notch the anterior bone cortex (Fig. 3). 

The AP dimension of the prepared femur was measured from the point where the 

anterior lateral flange contacted the anterior cortex to the most posterior part of the 

lateral femoral condyle. This measurement was performed on the line parallel to the 

distal cutting surface (Fig. 3). The measurement then was repeated when the distal 

bone cut was planned in flexed positions of 3° and 5° (Fig. 4A) and extended positions 
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of 3° and 5° (Fig. 4B). A 3-mm change in AP dimension would result in the use of a 

different size implant.  

We assessed intraobserver or interobserver variability in the measurements by 

intraclass or interclass correlation coefficients using an ANOVA. The intraclass 

correlation coefficient was calculated from data derived from the three measurements 

performed by one observer (HN) on 10 knees. The interclass correlation coefficient 

was calculated from the average of the three measurements of one observer (NH) and 

the data from two observers (SK, SO) on the same 10 knees. The intraclass correlation 

coefficient for the three measurements conducted by the same examiner was 0.86, 

whereas the interclass correlation coefficient for the average of the three measurements 

of one examiner and the two other examiners was 0.92. We compared the AP 

dimensions of the distal femur in 3° and 5° extended or flexed positions with the AP 

dimensions in the standard position using the Wilcoxon signed-rank test. Statistical 

analyses were performed using JMP software (Version 8.0; SAS Institute, Cary, NC, 

USA). 

Results 
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The AP dimension of the prepared femur was increased in the extended position and 

decreased in the flexed position (Table 1). The dimension was increased by 1.8 ± 0.6 

mm (range, 0.13.2 mm) with 3° extension and by 3.1 ± 0.7 mm (range, 0.75.2 mm) 

with 5° extension compared with the standard position. The rates of knees in which the 

dimension changed by greater than 2 mm were 43% (3° extension) and 96% (5° 

extension) (Fig. 5). The dimension was decreased by 1.5 ± 0.6 mm (range, 0.13.5 

mm) with 3° flexion and by 2.6 ± 0.6 mm (range, 1.24.2 mm ) with 5° flexion 

compared with the standard position. The rates of knees in which the dimension 

changed by greater than 2 mm were 18% (3° flexion) and 83% (5° flexion) (Fig. 6). 

We observed a difference (p < 0.001) in the AP diameter of the distal femoral 

component between knees with standard position and knees with 3° or 5° of extended 

cutting or with 3° or 5° of flexed cutting (Table 1). 

The rates of knees in which the femoral components increased in size were 2% (3° 

extension) and 57% (5° extension). The rates of knees in which the femoral 

components decreased in size were 2% (3° flexion) and 31% (5° flexion). 

Discussion 
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Correct sizing of implants is an important factor in the long-term survival rate and 

function of a TKA [3, 7]. Preoperative planning is an important aspect of the surgical 

procedure. The technical goals of preoperative planning for TKA are to achieve 

optimal alignment and sizing of the prostheses [9]. Although two-dimensional and 3D 

templating systems have been developed for TKA, it is difficult to predict the 

intraoperative size of the component accurately even if a 3D method is used. We 

therefore addressed the following questions: (1) Does the AP dimension of the 

prepared distal femur increase if the distal femur is cut in extension and does the 

dimension decrease if it is cut in flexion? (2) Are these changes large enough to result 

in the need for a different size implant if the distal femur is cut in flexed and extended 

positions of 3° and 5°? 

Readers should be aware of the limitations of our study. First, the ideal position of the 

femoral component in the sagittal plane is controversial. If the femoral component is 

aligned perpendicular to the mechanical axis in the sagittal plane, the femoral 

component would be placed in extension to the anatomic axis in a patient with anterior 

femoral bowing. Since we refer to the distal anatomic axis to align the femoral 
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component, the influence of femoral bowing does not affect our results. We believe the 

cutting error of the distal femur would similarly influence the AP dimension even when 

preoperative planning indicates perpendicular alignment to the mechanical axis. 

Second, we aligned the femoral component parallel to the surgical epicondylar axis in 

the axial plane. If the femoral component is aligned in reference to the other axis, the 

AP dimensions of the distal femur might change. Third, the bisurface knee system has 

an open internal femoral component geometry. If other prostheses such as those having 

closed or parallel internal geometry are used, variance of femoral AP dimensions might 

differ from those in our study.  

Our data suggest inaccurate sagittal bone cutting changes the AP dimension of the 

cutting surface and the AP position of the component. Cutting errors can be caused by 

the entry point on the distal femur with the use of femoral intramedullary guides, space 

between the distal femoral cutting guide and the bone saw, mobility of the cutting 

guide during osteotomy, and flexure of the bone saw edge [13, 14, 15]. We previously 

reported that 70% of the distal femurs tended to be cut in extension with respect to the 

targeted alignment even if the distal femoral cutting guide was aligned in the desired 
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position [12].The AP dimension of the distal femur was increased with 3° and 5° 

extension and decreased with 3° and 5° flexion compared with the standard position. 

This is because the position was determined by anterior referencing to avoid anterior 

notching or gap formation between the anterior flange and the anterior cortex.  

Changing the AP distal femur would result in selecting a femoral component size 

different from the planned size. In most total knee systems, the AP dimension of the 

femoral component increases 2 to 4 mm for each size. In our study, the rate of knees in 

which the dimension changed by greater than 2 mm was 43% if the distal femur was 

cut in 3° extension and 18% if the distal femur was cut in 3° flexion. These 

observations suggest femoral component upsizing or downsizing can occur if the distal 

femoral osteotomy is performed in at least 3° extension or flexion compared with the 

distal femoral anatomic axis. Femoral AP and mediolateral sizing mismatches are 

frequent problems. Hitt et al. [6] reported that undersizing of either component could 

leave cancellous bone exposed, which could be a source of increased bleeding in the 

knee and may permit increased osteolysis from wear debris. Mahoney and Kinsey [11] 

reported the presence of femoral component overhang of 3 mm or greater in at least 
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one zone was associated with a 90% increase in the odds of knee pain 2 years after 

surgery. AP and lateral prosthetic dimensions have been designed from the average 

morphologic features of the human knee. Narrow femoral components have been 

introduced to avoid overhang, especially for small or for female patients [4, 5]. Overall, 

many TKA prostheses have increased size variations to achieve better fit. Although 

shape and size of the components have been modified, as our study shows, even a few 

degrees of cutting error can increase the risk of component overhang or underhang. 

With this in mind, it is important to know how to verify accuracy in distal femur 

cutting. The use of a navigation system is the best way to evaluate alignment of the 

cutting surface [2]. With the conventional technique, the distal femur tended to be cut 

in extension with respect to the targeted alignment even if the distal femoral cutting 

guide was aligned in the desired position [12]. Alignment of the cutting surface should 

be checked repeatedly so that it is parallel to the slot of the cutting guide and to 

confirm whether the intraoperative femoral component size is same as the one chosen 

during preoperative planning. 

We found the AP dimension of the distal femoral cutting surface increased when the 
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distal femur was cut in extension and decreased when it was cut in flexion, compared 

with the standard position being aligned perpendicular to the distal femoral anatomic 

axis in the sagittal plane. Upsizing or downsizing of the femoral component can occur 

if the femoral osteotomy is performed in at least 3° flexion or extension.
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Legends 

Fig. 1A-B The femoral component was aligned (A) perpendicular to the mechanical 

axis in the coronal plane and (B) parallel to the surgical epicondylar axis in the axial 

plane. 

Fig. 2 The anatomic axis was defined as a line connecting the middle point of the 

femoral axis 15 cm proximal from the femoral intercondylar fossa (A) and the middle 

point of the femoral axis 5 cm proximal from the femoral intercondylar fossa (B). 

Fig. 3 Measurement of the AP dimension of the distal femur in standard planning is 

shown. The distance from the anterior cortex to the most posterior point of the lateral 

posterior condyle of the bone is measured. 

Fig. 4A-B (A) The increment of the AP dimension of the distal femur in 5° flexion is 

shown. The measurement is drawn parallel to the distal cutting surface. (B) The 

decrement of the AP dimension of the distal femur in 5° extension is shown. 

Fig. 5A–B The graphs show the number of knees with differences in AP dimension of 

the distal femur in (A) 3° or (B) 5° extension. 
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Fig. 6A–B The graphs show the number of knees with differences in AP dimension of 

the distal femur in (A) 3° or (B) 5° flexion. 
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Table 1. AP dimensions for different cutting angles of the distal femur in the sagittal 

plane 

   Femoral cutting angle AP dimension (mm) 

Mean ± SD Range  

Standard 52.6 ± 3.2 46.162.5 

3 extension 54.4 ± 3.2 47.464.5 

5 extension 55.7 ± 3.3 49.065.3 

3 flexion 51.2 ± 3.0 45.260.1 

5 flexion 50.0 ± 2.9 44.358.9 

*p < 0.05. 

*

*

*

*
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Fig. 1A-B
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Fig. 2                            Fig. 3
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Fig. 4A-B
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Fig. 5A-B
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Fig. 6A-B
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