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Abstract 
Femoral anteversion is an important parameter that can prevent complication following total hip arthroplasty (THA) caused by 
improper positioning of the implant. However, assessing femoral anteversion can be challenging in situation with significant defect 
of the femoral neck. In this study, linea aspera version was nominated as alternative parameter to femoral anteversion. So, the main 
objective of this study is to determine whether femoral anteversion correlates with linea aspera version. Cross-sectional study. 
Three-dimensional images of 100 femora were generated and their femoral anteversion and linea aspera version was measured. 
Correlation between the parameters was calculated. The mean linea aspera version was 7.27° ± 12.17° (mean ± standard 
deviation) while the mean femoral anteversion was 11.84° ± 10.06°. The linea aspera version was inversely correlated with the 
femoral anteversion with a correlation coefficient of –0.85. Linea aspera should be considered as an additional bony landmark to 
assess proper implant positioning in THA.

Abbreviations: CT = computed-tomography, ICC = intraclass correlation coefficient, THA = total hip arthroplasty.

Keywords: computed tomography scanner, computer-assisted radiographic image interpretation, femoral anteversion, femoral 
neck, hip joint, linea aspera

1. Introduction

The incidence of revision total hip arthroplasty (THA) is 
expected to increase by 43% in 2030 from the 50,220 inci-
dences in 2014.[1] The need of revision THA primarily comes 
from dislocation of the implant.[2] Multiple factors contribute to 
THA implant dislocation, with incorrect positioning being the 
primary one.[3] Hence, identifying proper anatomical reference 
to the natural positioning of the femoral head is important to 
prevent complications after surgery.

Radiological investigations are routinely done for a THA sur-
gical planning. In order to replicate the natural positioning of 
the femoral head and acetabular cup, their combined antever-
sion were assessed. Men had lower combined anteversion than 
women with a mean of 29.6° and 33.5° respectively.[4] In clin-
ical practice, the reference standard of combined anteversion 

has been described be between 25° and 35° with a maximum 
threshold of 45° in women.[5]

When only femoral anteversion was considered, the mean 
was 11.1° for men and 12.2° for women with an overall mean 
of 11.6°.[4] In clinical practice, the reference standard of femoral 
anteversion should be within a set range of 10° to 20°, corre-
sponding to normal adult hip anatomy.[6]

In certain situations, radiographic assessment of the com-
bined anteversion can be impossible. This is notably the case 
when performing THA following significant defect of the 
proximal femur such as cancerous or fractured bones.[7,8] As a 
result, identifying alternative bony landmarks is crucial in these 
situations.

In total knee arthroplasty, some additional landmarks of the 
distal femur have been utilized. This includes the posterior con-
dylar plane, the bi-epicondylar axis, the trochlear groove axis 
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and linea aspera.[9–11] The linea aspera is the rough, longitudinal, 
irregular crest that lines most of the shaft of the femur and func-
tions as a muscle attachment site.[11]

In this study, the linea aspera version were measured using 3D 
images generated from computed-tomography (CT) scans and 
compared with femoral anteversion to determine its suitability 
as a valid anatomical landmark for THA.

2. Methods

2.1. Study design

This cross-sectional study was conducted at the trauma center 
of a tertiary care hospital. The study is approved by local eth-
ics committee (MREC ID: 20159-1635). Lower limb CT scan 
records of 100 patients who were admitted to the trauma center 
for peripheral vascular disease or suspected vascular injury were 
reviewed. Informed consent was obtained from the patients and 
that their rights were protected.

2.2. Selection criteria

The left femur which was not severely deformed due to either 
previous trauma or severe degenerative process (osteoarthri-
tis ≤ grade 2 according to Kelly and Lawrence classification) 
were chosen for this study. The right femur was used when one 
side was injured due to fracture or any previous surgery.

2.3. Measurement of parameters

The CT scans were imported to the medical 3D imaging soft-
ware Mimics® (Materialise NV, Leuven, Belgium) to generate 
the 3D model of each femora. Then, each femur was aligned 
to its anatomical axis before the femoral anteversion and linea 
aspera version were measured.

Images were displayed in axial, sagittal and coronal views. 
Image of the femur was isolated from the surrounding soft tis-
sue and other bone parts using thresholding, region growing, 
and segmentation tools available in the software. Any misorien-
tation caused by the patient’s positioning during scanning was 
realigned into a standard and reproducible manner (Fig. 1).

The anatomical axis of the femur is considered as a line that 
passes through the long axis of the femur through the medul-
lary canal. The medullary canal image was isolated, enabling the 
generation of best fit line that determines the anatomical axis of 
the femur (Fig. 2).

The femoral neck axis is considered as a line that starts from 
the center of the femoral neck to the center of the femoral head. 
Initially, a best fit sphere for each of the femoral head and the 
femoral neck were defined before a line connecting the two cen-
ters were generated (Fig. 3).

The femoral anteversion is defined as the angle between the 
femoral neck axis and the transcondylar axis. Transcondylar 
axis was generated by fitting two best fit spheres to each of the 
femoral condyles before a line connecting the centers of these 
spheres was drawn. The angle of the line connecting the center 

Figure 1.  Isolation of the femoral image. (A) 3D image generated by Mimics®. (B) Thresholding value of 226 to 3070 Hounsfield units was used to visualize the 
cortical bone. (C) The femur was isolated using a combination of region growing and segmentation tool. (D) The isolated femoral 3D image.
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of these spheres relative to the femoral neck angle is the femoral 
anteversion (Fig. 4).

The linea aspera axis is defined as the angle between the best 
fit plane of the linea aspera and the femoral neck axis. First, the 
linea aspera was defined using the brush function before best fit 
line was drawn accordingly. Linea aspera version is then defined 
as the tangent to the linea aspera axis relative to the transcon-
dylar axis (Fig. 5).

2.4. Statistical analysis

The reliability of the parameters measured were assessed by 
analyzing the intraclass correlation coefficient (ICC) of values 
obtained by two observers (inter-observer) and values obtained 
by a single observer two months later (intra-observer). Observer 
A is the main author of this study while Observer B is a research 
assistant with prior training and experience in using Mimics®.

The correlation between femoral anteversion and the linea 
aspera version was determined by calculating the Pearson’s cor-
relation coefficient between the two parameters.

3. Results

3.1. Participants demographic

A total of 100 femora were analyzed comprising equal distri-
bution (50%) of femur from male and female patients. In terms 
of ethnicity, the patients were made up of 34% Malay, 25% 
Chinese and 41% Indian. The mean age of patients in this study 
was 56.06 years old. Most of the patients are more than 50 
years old but not more than 90 years old. The range of age was 
17 to 87 years old.

3.2. Correlation between linea aspera version and femoral 
anteversion

The linea aspera version and femoral anteversion measurements 
for the femora are illustrated in Table  1. Intra-observer ICC 
and inter-observer ICC were both 0.98 for linea aspera version 
and both 0.99 for femoral anteversion. A good inverse correla-
tion between linea aspera version and femoral anteversion was 
observed with correlation coefficient of -0.85 (Fig. 6).

Figure 2.  Determination of the femur anatomical axis. (A) Isolation of the medullary canal image. (B) Generation of best fit line through medullary canal. (C) 
Integration of the femur anatomical axis to the femoral image.

Figure 3.  Determination of the femoral neck axis. (A) Generating best fit sphere on the femoral head. (B) Generating best fit sphere on the femoral neck. (C) 
Femoral neck axis illustration.

Figure 4.  Measurement of femoral anteversion. (A) Defining femoral condyles using brush function. (B) Generating best fit spheres on the femoral condyles to 
establish the transcondylar axis. (C) Defining femoral anteversion as the angle between femoral neck axis and the transcondylar axis.
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4. Discussion
The current research used a 3D reconstruction technique to 
assess an alternative parameter that able to estimate the rota-
tional profile of the femur. The findings validate the hypothe-
sis that linea aspera version had a significant relationship with 
femoral anteversion. This emphasizes the value of linea aspera 
version in estimating femoral anteversion during THA where 
there is a major femoral neck defect.

The mean femoral anteversion angle reported by the current 
study was comparable to that of other previous studies with 
healthy femur.[4,12–15] Individuals with osteoarthritis or hip dys-
plasia had femoral anteversions that were typically greater than 

20°.[15] Furthermore, younger patients and females tended to 
have higher femoral anteversion than older patients and men.[4] 
The current study looks into healthy femora in a group of older, 
evenly distributed men and women. As a result, the mean femoral 
anteversion, which ranged from 9.0 to 19.8 degrees, was closer 
to the lower end of the range from the previous studies.[12,15]

The angle between the proximal femoral neck axis and the dis-
tal femoral condylar axis is known as femoral anteversion.[10] When 
defining these two axes, care must be taken because different defini-
tions can affect the accuracy of the femoral anteversion measurement.

The femoral neck axis is previously assumed to be a contin-
uous straight line connecting the femoral head’s center and the 

Figure 5.  Measurement of linea aspera version. (A) Defining linea aspera using brush function. (B) Drawing lines connecting linea aspera and femoral axis. (C) 
Defining linea aspera version as tangent to the linea aspera axis to the transcondylar axis.

Table 1

Summary of measured parameters.

Parameter Mean (SD) Range Intra-observer ICC Inter-observer ICC 

Linea aspera version 7.27° ± 12.17° –24.84° to 35.41° 0.982 0.982
Femoral anteversion 11.84° ± 10.06° –17.63° to 43.98° 0.989 0.989

ICC = intraclass correlation coefficient; SD = standard deviations.

Figure 6.  Correlation between linea aspera version and femoral anteversion.
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femoral neck’s center to the femoral shaft’s axis.[16] As a result, 
the head-shaft axis was used to define the proximal femoral axis 
as a straight line connecting the center of the femoral head and 
the center of the femoral shaft. However, when a straight line is 
drawn from the center of the femoral head to the center of the 
femoral neck, the head-neck axis, it usually passes in front of the 
femoral shaft axis, revealing the discrepancy between these two 
definitions.[17] The two methods of determining femoral antever-
sion were compared by Hoiseth et al. They discovered that the 
head-shaft method consistently underestimated femoral antever-
sion by 10 degrees when compared to the head-neck method.[17] 
They concluded that using the head-neck definition of the femo-
ral neck axis to measure femoral anteversion is a more accurate 
method; hence, the method was used in the current study.

There are several different definitions of the femoral condylar 
axis. The condylar axis is defined by four methods, each of which 
uses three points along the long axis of the femur to construct 
the axis. The two points used to define the condylar axis differ 
between the methods.[18] In the first method, the line between 
the two most posterior aspects of the femoral condyles is known 
as the condylar axis. For the second method, a line is drawn 
between the most medial and lateral points on the condyles. 
Thirdly, two spheres are drawn on the condyles, and the line 
connecting their centers defines the condylar axis. Lastly, two 
tangents were visually defined on the most anterior aspect of the 
femoral condyles and the most posterior aspect of the condyles; 
the angle between the two lines is bisected to give the condylar 
axis. As a result, femoral anteversion evaluated with each of the 
different methods will yield various different values.[18] Iranpour 
et al[19] discovered that the condylar axis defined by a line con-
necting the center of two spheres within the medial and lateral 
femoral condyles was the closest in aligning with the chondylar 
groove after aligning the femur using various axes. As a result, 
the third method was adopted in the current study.

Previously, the linea aspera version has been proposed as a 
landmark to assess the rotation of the distal femoral epiphysis in 
knee arthroscopy.[11] This is because it lines most of the shaft of 
the femur, making it a versatile anatomical landmark of the femur 
to be used for rotational alignment.[20] One study by Abdelaal et 
al,[20] was identified to investigate utility of linea aspera to esti-
mate the femoral anteversion. In their study, linea aspera ver-
sions at different length were evaluated and revealed a consistent 
correlation. Specifically, the study found a positive correlation 
between the angles of rotation of linea aspera with femoral neck 
anteversion angle. The current study adds to the literature on the 
correlation between linea aspera and femoral anteversion.

The current research has some limitations. Despite the precau-
tions taken to ensure an equal distribution of male and female 
femora, the population consists solely of healthy and elderly peo-
ple. More heterogeneous data from femora affected by various 
musculoskeletal disorders, such as osteoarthritis or hip dysplasia, 
is likely required. Furthermore, the size and shape of the human 
femur can vary depending on gender, age, stature, and ethnic 
background, highlighting the need to include a more diverse pop-
ulation in order to obtain a more balanced average.[4,15]

5. Conclusion
Finally, the current study found a consistent relationship 
between linea aspera version and femoral anteversion, implying 
that the linea aspera version could be utilized to estimate femo-
ral stem anteversion during THA.

Key Points

	•	 Linea aspera is inversely correlates to femoral anteversion.
	•	 Linea aspera can be added as additional bony landmark for 

implant positioning in total hip arthroplasty (THA).

	•	 This discovery is important to prevent the complications 
resulted from inappropriate implant positioning in THA 
surgery.

	•	 Main limitation for this study is the involvement of solely 
healthy and elderly participants, which did not represent a 
more heterogeneous data involving patients with other mus-
culoskeletal disorders.
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