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The distal or proximal femur with tumor endo-
prosthesis is commonly replaced after seg-
mental resections for bone tumors, complex 

trauma, or revision arthroplasty. In conventional 
joint replacements, correct rotational alignment of 
the component is referenced off anatomical land-
marks in the proximal or distal femur. After tumor 
resection, however, these landmarks are often not 
available for rotational orientation. There are no 
reports of studies validating a particular method of 
establishing rotation in these cases. 

To establish a guide for rotational alignment of 
tumor endoprostheses, we set out to define the 
natural location of the linea aspera (LA) based on 
axial computed tomography (CT) scans. The LA is 
often the most outstanding visible bony landmark 
on a cross-section of the femur during surgery, and 
it would be helpful to know its normal orientation in 
relation to the true anteroposterior (AP) axis of the 
femur and to the femoral version. We wanted to 
answer these 5 questions:

1. �Is the prominence of the LA easily identifi-
able on cross-section at different levels of the 
femoral shaft?

2. �Does an axis passing through the LA corre-
spond to the AP axis of the femur?

3. �If not, is this axis offset internally or externally 
and by how much?

4. �Is this offset constant at all levels of the 
femoral shaft?

5. �How does the LA axis relate to the femoral 
neck axis at these levels?

The answers determine if the LA can be reliably 
used for rotational alignment of tumor endopros-
theses.

Materials and Methods
After this study received Institutional Review Board 
approval, we retrospectively reviewed whole-body 
fluorine-18-deoxyglucose (FDG) positron emission 
tomography–computed tomography (PET-CT) 
studies performed in our hospital between 2003 
and 2006 to identify those with full-length bilateral 
femur CT scans. These scans were available on the 
hospital’s computerized picture archiving system 
(General Electric). Patients could be included in the 
study as long as they were at least 18 years old at 
time of scan and did not have any pathology that 
deformed the femur, broke a cortex, or otherwise 
caused any gross asymmetry of the femur. Of 
the 72 patients with full-length femur CT scans, 3 
were excluded: 1 with a congenital hip dysplasia, 1 
with an old, malunited femoral fracture, and 1 who 
was 15 years old at time of scan.

Axial Slice Selection

For each patient, scout AP films were used to 
measure femoral shaft length from the top of the 
greater trochanter to the end of the lateral femoral 
condyle. The levels of the proximal third, midshaft, 
and distal third were then calculated based on 
this length. The LA was studied on the axial slices 
nearest these levels. Next, we scrolled through 
the scans to identify an axial slice that best 
showed the femoral neck axis. The literature on 
CT measurement of femoral anteversion is varied. 
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Some articles describe a technique that uses 2 
superimposed axial slices, and others describe a 
single axial slice.1-3 We used 1 axial slice to draw 
the femoral neck axis because our computer 
software could not superimpose 2 images on 1 
screen and because the CT scans were not made 
under specific protocols to measure anteversion 
but rather were part of a cancer staging work-up. 
Axial cuts were made at 5-mm intervals, and not 
all scans included a single slice capturing the head, 
neck, and greater trochanter. Therefore, we used a 
(previously described) method in which the femoral 
neck axis is drawn on a slice that most captured 
the femoral neck, usually toward its base.4 Last, in 
order to draw the posterior condyle (PC) axis, we 
selected an axial slice that showed the posterior- 
most aspects of the femoral condyles at the inter-
condylar notch.

Determining Anteroposterior and Posterior Condyle 

Axes of Femur

As we made all measurements for each femur off 
a single CT scan, we were able to use a straight 
horizontal line—drawn on-screen with a software 
tool—as a reference for measuring rotation. On a 
distal femur cut, the PC axis is drawn by connect-
ing the posterior-most points of both condyles. The 
software calculates the angle formed—the PC 
angle (Figure 1). This angle, the degree to which 
the PC axis deviates from a straight horizontal line 
on-screen, can be used to account for gross rota-
tion of the limb on comparison of images. The AP 
axis of the femur is the axis perpendicular to the 
PC axis. As such, the PC angle can also be used to 
determine degree of deviation of the AP axis from 
a straight vertical line on-screen. The AP axis was 
used when calculating the LA axis at the various 
levels of the femur (Figure 2).

Femoral Version

We used the software tool to draw the femoral 
neck axis. From the end of this line, a straight 
horizontal line is drawn on-screen (Figure 3). The 
software calculates the angle formed—the femoral 
neck axis angle. We assigned a positive value 
for a femoral head that pointed anteriorly on the 
image and a negative value for a head that pointed 
posteriorly. Adjusting for external rotation of the 
limb involved calculating the femoral version by 
subtracting the PC angle from the neck axis angle; 
adjusting for internal rotation involved adding these 
2 angles.

Linea Aspera Morphology

After viewing the first 20 CT scans, we identified 3 
types of LA morphology. Type I presents as a thick-
ening on the posterior cortex with a sharp apex; 
type II presents as a flat-faced but distinct ridge of 
bone between the medial and lateral lips; and in 
type III there is no distinct cortical thickening with 

Figure 1. Axial computed tomography scan through distal femur. Posterior condyle 
(PC) axis is drawn by connecting posterior-most points on medial and lateral femoral 
condyles. Straight horizontal line is drawn to calculate PC axis angle. In this example, 
external rotation of limb is adjusted by computing femoral version: PC axis angle is 
subtracted from neck axis angle (in this case, 15.6° – 5.6° = 10° of femoral anteversion).

Figure 2. Free body diagram of relationship of (A) posterior condyle axis and posterior 
condyle angle to (B) anteroposterior and linea aspera axes of femur.  
Abbreviations: AP, anteroposterior; LA, linea aspera; PC, posterior condyle.

Figure 3. Axial computed tomography scan through proximal femur. Femoral neck axis 
is drawn by connecting points through apparent center of head and center of isthmus. 
Straight horizontal line is drawn to calculate neck axis angle.
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blunted medial and lateral lips; the latter is always 
more prominent.

Linea Aspera Axis Offset

From the most posterior point of the LA, a line 
drawn forward bisecting the femoral canal defined 
the LA axis. In type I morphology, the posteri-
or-most point was the apex; in type II, the middle 
of flat posterior surface was used as the starting 
point; in type III, the lateral lip was used, as it 
was sharper than the medial lip. This line is again 
referenced with a straight horizontal line across 
the image. The PC angle is then added to account 
for limb rotation, and the result is the LA angle. 
As the AP axis is perpendicular to the PC axis, the 
LA angle is subtracted from 90°; the difference 
represents the amount of offset of the LA axis 
from the AP axis. By convention, we assigned this 
a positive value for an LA lateral to the midpoint of 
the femur and a negative value for an LA medial to 
the midpoint (Figure 4). 

Linea Aspera Axis and Femoral Neck Axis

The angle between the LA axis and the PC axis 

was measured. The femoral version angle was sub-
tracted from that angle to obtain the arc between 
the LA axis and the femoral neck axis.

Statistical Analyses

All analyses were performed with SAS 9.1 (SAS 
Institute). All tests were 2-sided and conducted at 
the .05 significance level. No adjustments were 
made for multiple testing. Statistical analysis was 
performed with nonparametric tests and without 
making assumptions about the distribution of the 
study population. Univariate analyses were per-
formed to test for significant side-to-side differenc-
es in femoral length, femoral version angle, and LA 
torsion angles at each level. A multivariate analysis 
was performed to test for interactions between 
sex, side, and level. In all analyses, P < .05 was 
used as the cutoff value for statistical significance.

Results
Femoral lengths varied by side and sex. The left 
side was longer than the right by a mean of 1.3 
mm (P = .008). With multivariate analysis taking 
into account sex and age (cumulated per decade), 
there was still a significant effect of side on 
femoral length. Sex also had a significant effect 
on femoral length, with females’ femurs shorter 
by 21.7 mm (standard error, 5.0 mm). Mean (SD) 
anteversion of the femoral neck was 7.9° (12.7°) on 
the left and 13.3° (13.0°) on the right; the differ-
ence between sides was significant (P < .001). In a 
multivariate analysis performed to identify poten-
tial predictors of femoral version, side still had a 
significant (P < .001) independent effect; sex and 
age did not have an effect.

LA morphology varied according to femoral shaft 
level (Table 1). The morphology was type I in 75% 
of patients at the distal femur and 74% of patients 
at the midshaft femur, while only 53% of patients 
had a type I morphology at the proximal femur. The 
proportion of type III morphology was larger in the 
proximal femur (41%) than in the other locations.

The LA axis of the femur did not correspond 
exactly to the AP axis at all femoral levels. At the 
distal femur, mean (SD) lateral offset of the LA 
axis was 5.5° (7.5°) on the left and 8.3° (8.9°) on 
the right. At the midshaft, mean (SD) medial offset 
of the LA axis was 3.1° (8.4°) on the left and 1.2° 
(7.9°) on the right. At the proximal femur, mean 
(SD) lateral offset of the LA axis was 5.4° (9.2°) on 
the left and 6.2° (8.3°) on the right. The side-to-side 
differences were statistically significant for the dis-
tal femur and midshaft but not the proximal femur. 

Figure 4. Axial computed tomography scan through proximal third of the femur of 
the patient in Figure 1. Linea aspera is drawn by a line bisecting femoral canal passing 
through the apex. Angle formed with horizontal line is added to posterior condyle 
axis angle (in this case, 73.1° + 5.6° = 78.7°) to correct for external rotation of limb, as 
demonstrated in Figure 2B. Because anteroposterior axis is perpendicular (90°) to pos-
terior condyle axis, difference (90° – 78.7° = 11.3°) represents amount of offset of linea 
aspera axis from anteroposterior axis.

Table 1. Morphology of Linea Aspera by Region

Region

Type

I II III

Distal femur 104 (75%) 9 (7%) 25 (18%)

Midshaft 102 (74%) 35 (25%) 1 (1%)

Proximal femur 74 (53%) 8 (6%) 56 (41%)
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Table 2 lists the 95% confidence intervals for the 
mean values. As the range of differences was small 
(0.7°-2.8°), and the differences may not be clinically 
detected on gross inspection during surgery, we 
pooled both sides’ values to arrive at a single mean 
for each level. The LA axis was offset a mean (SD) 
of 6.9° (8.3°) laterally at the distal femur, 2.2° (8.2°) 
medially at the midshaft, and 5.8° (8.6°) laterally at 
the proximal femur. Figure 5 shows the frequency 
of distribution of LA axis offset.

Offset of the LA axis from the AP axis of the 
femur was significantly (P < .001) different for each 
femoral level, even when a multivariate analysis 
was performed to determine the effect of sex, 
age, or side. Age and sex had no significant effect 
on mean offset of LA axis from AP axis.

We compared the mean arc between femoral 
neck axis and LA axis after referencing both off 
the PC axis. At the distal femur, mean (SD) arc 
between these 2 axes was 76.6° (13.1°) on the 
left and 68.3° (13.6°) on the right (mean difference, 
8.3°); at the midshaft, mean (SD) arc was 85.2° 
(13.5°) on the left and 77.9° (13.1°) on the right 
(mean difference, 7.4°); at the proximal femur, 
mean (SD) arc was 76.7° (11.9°) on the left and 
70.5° (12.8°) on the right (mean difference, 6.2°). 
The side-to-side differences were statistically 
significant (P < .001) for all locations.

In multivariate analysis, sex and age did not have 
an effect on mean arc between the 2 axes. Side 
and femoral level, however, had a significant effect 
(P < .001).

Discussion
In total hip arthroplasty, the goal is to restore femo-

ral anteversion, usually referenced to the remaining 
femoral neck segment.3 In total knee arthroplasty 
(TKA), proper rotation preserves normal patellofem-
oral tracking.5 Various landmarks are used, such as 
the PCs or the epicondyles. After tumor resections, 
these landmarks are often lost.6 However, there are 
no reports of studies validating a particular method 
of achieving proper rotational orientation of tumor 
endoprostheses, though several methods are being 
used. One method involves inserting 2 drill bits be-
fore osteotomy—one proximal to the intended level 
of resection on the anterior femur, and the other 
on the anterior tibial shaft. The straight line formed 
can establish a plane of rotation (and length), which 
the surgeon must aim to restore when the com-

Table 2. Linea Aspera Axis Offset From Anteroposterior Axis by Region

Region Left (L) Right (R)
Difference

(L – R)

P
(Side-to-Side 
Difference)

Pooled
(L + R)

Distal femur
  Median
  Mean (SD)
  95% CI for mean

4.9°
5.5° (7.5°)
(3.7°, 7.3°)

8.2°
8.3° (8.9°)

(6.2°, 10.5°)

–4.1°
–2.8° (8.4°)

(–4,8°, –0.8°)
<.001 6.9° (8.3°)

Midshaft
  Median
  Mean (SD)
  95% CI for mean

–2.3°
–3.1° (8.4°)
(–5.1°, –1.1°)

–1.0°
–1.2° (7.9°)
(–3.1°, 0.7°)

–2.2°
–1.9° (9.3°)
(–4.1°, 0.3°)

<.001 2.2° (8.2°)

Proximal femur
  Median
  Mean (SD)
  95% CI for mean

4.4°
5.4° (9.2°)
(3.2°, 7.6°)

6.2°
6.2° (8.3°)
(4.2°, 8.2°)

–0.9°
–0.7° (7.7°)
(–2.6°, 1.1°)

.19 5.8° (8.6°)

Abbreviations: CI, confidence interval; SD, standard deviation.
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Figure 5. Distribution of linea aspera axis offset for proximal, midshaft, and distal femur.
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ponents are placed. This method is useful for distal 
femur resections but not proximal femur resections. 
Another method, based on the LA’s anatomical 
position on the posterior aspect of the femur,4 uses 
the prominence of the LA to align the prosthesis. 
With this method, the LA is assumed to be directly 
posterior (6 o’clock) on the femur. However, this 
assumption has not been confirmed by any study. 
A third method, described by Heck and Carnesale,5 
involves marking the anterior aspect of the femur 
after resection and aligning the components to it. 
The authors cautioned against using the LA as a 
landmark, saying that its course is highly variable.

The LA is a narrow, elevated length of bone, 
with medial and lateral lips, that serves as an 
attachment site for muscles in the posterior thigh. 
Proximally, the LA presents with lateral, medial, 
and intermediate lips. In the midshaft, it is often 
elevated by an underlying bony ridge or pilaster 
complex. Distally, it diverges into 2 ridges that 
form the triangular popliteal surface.1,7 For the LA 
to be a reliable landmark, first it must be clearly 
identifiable on viewing a femoral cross-section. 
The LA that presents with type I or II morphology 
is distinctly identifiable, and an axis from its apex 

and bisecting the canal can easily be constructed. 
In our study, the LA presented with type I or II 
morphology in 82% of distal femoral sections and 
99% of midshaft femoral sections. Therefore, the 
LA is a conspicuous landmark at these levels. In 
the proximal femur, 59% had type I or II morphol-
ogy. Type III morphology could be identified on 
cross-sections by the persisting prominence of the 
lateral lip. However, it may be difficult to appreciate 
the LA with this morphology at surgery.

Once the LA is identified, its normal cross-sec-
tional position must be defined. One way to do 
this is to establish the relationship of its axis (LA 
axis) to the true AP axis. Based on mean values, 
the LA axis is laterally offset 7º at the distal third of 
the femur, medially offset 2º at the midshaft, and 
laterally offset 6º at the proximal third. Therefore, for 
ideal placement with the LA used for orientation, 
the component must be internally rotated 7º relative 
to the LA for femoral resection at the distal third, 
externally rotated 2º for resection at the midshaft, 
and internally rotated 6º for resection at the proximal 
third. Studies have demonstrated that joint contact 
forces and mechanical alignment of the lower limb 
can be altered with as little as 5º of femoral malrota-
tion.8,9 Although such a small degree of malrotation 
is often asymptomatic, it can have long-term effects 
on soft-tissue tension and patellar tracking.10,11 
Rotating-platform mobile-bearing TKA designs can 
compensate for femoral malrotation, but they may 
have little to no effect on patellar tracking.12 There-
fore, we think aligning the components as near 
as possible to their natural orientation can prove 
beneficial in long-term patient management.

Another way of defining the normal cross-sec-
tional position of the LA is to relate it to the 
femoral neck axis. We measured the difference 
between these 2 axes. Mean differences were 72º 
(distal femur), 81.5º (midshaft), and 73.5º (proximal 
third). Mean arc differences at all levels were larger 
on the left side—a reflection of the femoral neck 
being less anteverted on that side in our measure-
ments. Standard deviations were smaller for mea-
surements of LA axis offset from AP axis (range, 
7.5°-9.2°) than for measurements of arc between 
LA axis and femoral neck axis (range, 11.9°-13.6°). 
This finding indicates there is less variation in the 
former method, making it preferable for defining 
the cross-sectional position of the LA.

It has been said that the course of the LA is 
variable, and our data provide confirmation. The 
LA does not lie directly posterior (6 o’clock), and 
it does not trace a straight longitudinal course 

Figure 6. Preoperative axial computed tomography (CT) scan shows measurement of 
posterior condyle angle (A) and resultant linea aspera axis (B) of proximal femur. Post-
operative axial CT measurements of the PC axis (C) and line aspera axis (D) confirm 
proper prosthesis placement to within 3° of preoperative measurements.
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along the posterior femur, as demonstrated by the 
different LA axis offsets at 3 levels. However, we 
may still use it as a landmark if we remain aware 
how much the LA is offset from the AP axis at 
each femoral level. Figures 6A-6D, which show CT 
scans of a patient who underwent distal femoral 
resection and replacement with an endoprosthe-
sis, illustrate how the LA axis was measured be-
fore surgery and how proper prosthesis placement 
was confirmed after surgery.

In hip arthroplasty, restoration of normal femoral 
version is the reference for endoprosthetic place-
ment. The literature on “normal” femoral antever-
sion varies with the method used. In a review of 
studies on CT-measured adult femoral version, 
reported values ranged from 6.3° to 40°.2 Mean 
femoral version in our study ranged from 8° to 13°. 
Orthopedics textbooks generally put the value at 
10° to 15º, and this seems to be the range that 
surgeons target.6 However, we found a statistically 
significant mean side-to-side difference of 5.4°. This 
finding is possibly explained by our large sam-
ple—it was larger than the samples used in other 
studies of CT-measured femoral version. Other 
studies have found mean side-to-side differences 
of up to 4.0º.5 Another explanation for our finding 
is that the studies may differ methodologically. 
The studies that established values for femoral 
anteversion were based on CT protocols—thinner 
slices (1-5 mm), use of foot holders to standard-
ize limb rotation, use of 2 axial cuts in proximal 
femur to establish femoral neck axis2,13—designed 
specifically for this measurement. As the CT scans 
reviewed in our study are not designed for this pur-
pose, errors in femoral version measurement may 
have been introduced, which may also explain why 
there is larger variation in measurements of the arc 
between the LA axis and the femoral neck axis. 

Conclusion
The LA does not lie directly on the posterior surface 
of the femur. It deviates 6.9° laterally at the distal fe-
mur, 2.2° medially at the midshaft, and 6.9° laterally 
at the proximal third. As the LA is an easily identifi-
able structure on cross-sections of the femoral shaft 
at the midshaft and distal third of the femur, it may 
be useful as a rotational landmark for resections 
at these levels if these deviations are considered 
during tumor endoprosthetic replacements.
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