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Background. Abnormal femoral torsion has been linked to osteoarthritis in the
knee as well as to patellofemoral pain. Inexpensive, valid, and reliable methods for
assessing femoral torsion are needed. Ultrasound (US) is a noninvasive and clinically
accessible method that can be used for the assessment of bone morphology, such as
femoral torsion.

Objective. The objective of this study was to determine the concurrent validity of
US for the measurement of femoral torsion with a reference method, magnetic
resonance imaging (MRI).

Design. Repeated measurements of femoral torsion were obtained with US and
MRI in a laboratory setting.

Methods. Twenty-eight people (4 men, 24 women; mean age�26.8 years
[SD�4.0 years], mean body height�170.3 cm [SD�8.0 cm], mean body weight�64.7
kg [SD�9.8 kg]) participated in this study. T1-weighted axial oblique images of the
femoral neck and epicondylar axis were acquired with a 1.5-T magnetic resonance
system. Ultrasonographic measurements then were obtained by a tilting technique
with a linear transducer that was 4.5 cm long and operated at a frequency of 10 MHz
and a depth of 5 cm.

Results. The average angles of anteversion measured by US and by MRI were 20.7
degrees (SD�11.0) and 19 degrees (SD�11.3), respectively. The reliability, reported
as the intraclass correlation coefficient [ICC (2,1)], of repeated measurements of in
vivo femoral torsion by US was .98. The reliability [ICC (2,1)] of magnetic resonance
image analysis was .96. The standard error of the measurement for US was 2.2
degrees, and that for MRI was 1.9 degrees. The concurrent validity of US with MRI
(R2) was .93 (r�.96).

Limitations. Obtaining measurements by US requires appropriate training before
data collection.

Conclusions. Ultrasound measurement of femoral torsion has high concurrent
validity with in vivo MRI and may be used when an assessment of bony morphology
is needed but MRI is not available.
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Because femoral transverse-plane
alignment has been linked to
femoral or hip rotation and re-

lated lower-extremity pathologies,1,2

its measurement has been of interest
to both researchers and clinicians.
Femoral torsion is the long-axis rota-
tion of the femoral shaft relative to its
neck in the transverse plane. This
shaft-to-neck relationship becomes ap-
parent when the femur is viewed in
the long axis relative to the posterior
condyles (Fig. 1). The angle formed by
a line drawn through the femoral neck
axis relative to a line drawn tangent
to the posterior femoral condyles is
the angle of anteversion. This angle
has been reported to range from 5 to
40 degrees, but the average in adults
is 10 to 20 degrees.3 A torsion angle
of greater than 20 degrees is consid-
ered excessive femoral anteversion,
whereas a torsion angle of less than
10 degrees is considered femoral
retroversion.1,2

The anteversion angle shows a grad-
ual decrease with age. This change is
attributed to the progressive un-
winding of femoral torsion from an
average of 45 degrees at birth to 8 to
15.5 degrees in adulthood.4–8 This
decrease in the anteversion angle is
associated with bone growth and is
effected by muscle activity as chil-
dren begin to bear weight, use mus-
cles, and assume normal, adultlike
gait patterns.9,10 Excessive femoral
torsion is not uncommon and has
been associated with certain neuro-
logic and orthopedic conditions. For
example, children with cerebral
palsy have a high prevalence of ex-

cessive femoral anteversion, which
contributes to difficulty with ambu-
lation and, in conjunction with asym-
metric pull by spastic hip muscles,
leads to an increased risk for hip sub-
luxation.11,12 Abnormal femoral tor-
sion has been observed in several
orthopedic conditions in adults,
such as knee and hip osteoarthritis,
patellofemoral pain, and acetabulum
labral tears.1,2 Although Tonnis and
colleagues1,2 showed that increased
retroversion is associated with hip
osteoarthritis, whether abnormal tor-
sion contributes to the development
of other common orthopedic condi-
tions has not been well established.
This factor, among other reasons re-
lating to function, provided the mo-
tivation for and interest in studying
femoral torsion and developing clin-
ically accessible methods for its
assessment.

Several imaging techniques for the
measurement of femoral anteversion
have been described. Biplanar radi-
ography was first used to quantify
femoral torsion; however, exposure
to radiation makes it impractical for
clinical use.13,14 Computerized to-
mography (CT) replaced biplanar ra-
diography in the 1970s and became
the gold standard for the accurate
imaging and measurement of femo-
ral torsion in comparison with an
anatomical reference.15 Although CT
enables the direct measurement of
bony structures, it does so through a
series of 2-dimensional x-ray images
taken around a single axis of rota-
tion, rendering it capable of primar-
ily axial views. It also exposes pa-
tients to ionizing radiation, which
has been shown to increase cancer
risk. Recently, magnetic resonance
imaging (MRI) was shown to have
many advantages over CT. Although
MRI is more expensive to perform,
radiation exposure is not a concern
with this method; in addition, MRI
allows the use of different imaging
planes, thereby improving visualiza-
tion of the femoral neck axis.16 For

these reasons, MRI has become the
gold standard for musculoskeletal
and anatomical imaging, specifically,
the assessment of femoral neck
torsion.17,18

Ultrasound is a noninvasive, inex-
pensive, and clinically accessible
method that has been shown to be
reliable for the assessment of bone
morphology, such as femoral tor-
sion.19 In recent years, several pub-
lished studies of the use of US for
anteversion measurement have
deemed it to be a reliable method for
femoral torsion measurement, but
few studies have addressed its valid-
ity.19–23 Whereas MRI and radiogra-
phy provide for visualization of the
detailed 2-dimensional shape of
bone, US uses surface contours on
the femur as landmarks to measure
the torsional angle directly without
projecting 2 planes (proximal femur
and distal femur) onto 1 combined
reference plane, as is the case with
MRI. Terjesen et al21 found a high
correlation (r�.71) between the an-
gle formed by a line drawn tangent
to the head and greater trochanter,
as measured by US, and the antever-
sion angle, as measured by biplanar
radiography. Aamodt et al18 demon-
strated that the head-trochanter tan-
gent line measured by US highly cor-
responds (r�.95) to that measured
by CT because the femoral head and
greater trochanter landmarks are the
same. In light of technological ad-
vances and the ability to view images
in various planes, it now is necessary
to establish the concurrent validity
of US with the method considered by
most researchers to be the current
gold standard for the measurement
of femoral anteversion (ie, MRI).
Therefore, the specific aim of this
study was to determine the concur-
rent validity of US for the measure-
ment of femoral torsion with MRI as
the reference method.
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Method
Participants
Twenty-eight people (4 men, 24 wom-
en; mean age�26.8 years [SD�4.0
years], mean body height�170.3
cm [SD�8.0 cm], mean body
weight�64.7 kg [SD�9.8 kg]) par-
ticipated in this study. Before partic-
ipation, all participants were in-
formed about the nature of the
study, and informed consent was ob-
tained as approved by the Institu-
tional Review Board of the Univer-
sity of Southern California. People
were excluded from participation in
the study if they had undergone any
bony surgical realignment of the
lower extremity or if they failed to
meet any of the MRI safety require-
ments (ie, the presence of metal im-
plants or pacemakers).

Instrumentation
B-mode ultrasonographic imaging
was performed with a linear multidi-
mensional transducer (Sonoline An-
tares*) that was 4.5 cm long and op-
erated at a center frequency of 10
MHz; the axial and lateral resolutions
of the US transducer at a 5-cm depth
were 0.25 and 0.31 mm, respec-
tively. Real-time B-mode US pro-
duces an image derived from a trans-
ducer that transmits and receives a
high-frequency sound (here, 10-
MHz) signal. The US echoes are con-
verted into radiofrequency signals,
which are converted in the image
memory into an anatomically correct
image displayed on the computer
screen. An industrial inclinometer
(Magnetic Polycast Protractor†) at-
tached to the transducer recorded
the angle of femoral torsion.

Magnetic resonance images were ac-
quired with a 1.5-T MRI system.‡ In
MRI, a powerful magnetic field is

used to align the nuclear magnetiza-
tion of atoms in the body. Radiofre-
quency fields are introduced to alter
the alignment of this magnetization,
causing the nuclei to rotate and pro-
duce a magnetic field signal that is
detectable by the scanner. This sig-
nal can be manipulated with addi-
tional magnetic fields, and a visual
image can be constructed. T1-
weighted images of the proximal fe-
mur and distal femur were acquired
with the following pulse sequence:
repetition time�450 milliseconds,
echo time�8.1 milliseconds, field of
view�24 � 24 cm, matrix�256 �
256, and slice thickness�5 mm.

Procedure
Validation and reliability of a US
transducer tilting technique for
the assessment of femoral tor-
sion. Before participant testing,
we validated the technique with 5
dry cadaveric femora placed on a sta-
ble flat surface and measured in 6
different positions. These measure-
ments were obtained 3 times and
repeated 1 week apart. The static
femoral positions were documented
with a photograph taken perpendic-
ular to the plane of the femoral con-
dyles (Fig. 1), as well as with a US
image obtained with the transducer
tilting technique described by Hud-
son et al.20 In brief, the angle of fem-
oral torsion was the angle formed by
a line drawn through the center of
the femoral neck and head and a line
representing the horizontal plane of

* Siemens Medical Systems Inc, Ultrasound
Group, PO Box 7002, Issaquah, WA 98027.
† Empire Level Manufacturing Corp, Corpo-
rate Headquarters, 929 Empire Dr, PO Box
800, Mukwongo, WI 53149.
‡ General Electric Medical Systems, 800 Cen-

tennial Ave, PO Box 1327, Piscataway, NJ
08855.

Figure 1.
Femoral torsion as viewed in the long axis. The reference is a line drawn parallel to the
posterior femoral condyles. The angle of torsion is found by measuring the angle
created by the bisection of the axis of the femoral neck (a line connecting the centroids
of the femoral head and shaft) and a line parallel to the tabletop on which the posterior
condyles are resting. This method of torsion angle determination requires “overlaying”
of the proximal and distal aspects of the femur.
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the posterior femoral condyles. Us-
ing ultrasonography, the transducer
was tilted until the image of the fem-
oral head and neck was horizontal
on the computer screen. By tilting
the transducer to achieve the hori-
zontal image of the femoral neck on
the screen, we were, in essence, cre-
ating a new horizontal reference
line. The relative angle of tilt (mea-
sured with the inclinometer) needed
to achieve this horizontal image then
was recorded as the angle of torsion.

A US gel pad§ placed over the greater
trochanter of the femur served as a
conduction medium. The greater tro-
chanter, confirmed by palpation, and
femoral neck were identified by im-
aging first (Fig. 2). The transducer
then was oriented along their axis
before being moved slightly medial
to the center of the intertrochanteric
line. A line drawn tangent to this line
was parallel to the head-trochanter
line described by Terjesen et al.21 In
this position, the transducer was
tilted until the image became hori-

zontal on the screen; the corre-
sponding tilt angle of the transducer
was recorded from the attached in-
clinometer, rendering the angle of
inclination.

To establish the reliability of the
above-described method for partici-
pants, 1 examiner imaged 6 partici-
pants and averaged 3 measurements
taken during 3 sessions, 1 week
apart. Participants were positioned
supine with the knees bent to 90
degrees off the edge of the plinth, a
neutral hip position (0° of rotation,
0° of flexion, and 0° of abduction),
and the feet flat on a bench at the
end of the plinth (Fig. 3). The US
transducer was first placed on the
lateral hip to identify the greater tro-
chanter. Next, the transducer was
moved medially to identify the fem-
oral neck, oriented along the long
axis of the neck, and moved further
medially to visualize the intertro-
chanteric line. Finally, the trans-
ducer was tilted until the image be-
came horizontal on the screen, and
the tilt angle of the transducer was
recorded from the inclinometer

(Fig. 3). The angle of tilt was taken to
represent the angle of femoral
torsion.

The reliability of the US-guided mea-
surement of anteversion for partici-
pants and the measurement of angles
by MRI, rendering the anteversion
angle, was established using intra-
class correlation coefficients [ICC
(2,1)]. The test-retest reliability [ICC
(2,1)] of magnetic resonance image
analysis was .96 (95% confidence in-
terval�.91–.98), and that of US data
capture was .98 (95% confidence in-
terval�.96–.99).

Acquisition of data from partici-
pants. Participants attended 2 sep-
arate testing sessions. One session
involved US imaging to guide the in-
clinometer measurement of the fem-
oral torsion angle. The other session
involved MRI of the femoral head
and neck and the distal femur. The
examiner was unaware of the results
of the MRI because those were
taken, recorded, and kept by another
investigator.

Ultrasonographic acquisition of
images and concurrent measure-
ment of femoral anteversion with
a US-guided inclinometer. Par-
ticipants were positioned supine
with the knees bent to 90 degrees off
the edge of the plinth, a neutral hip
position, and the feet flat on a bench
at the end of the plinth. As the US
transducer was placed on the hip to
image the greater trochanter, the
femoral neck and intertrochanteric
line were viewed on the computer
screen. The transducer then was
tilted until the image became hori-
zontal on the screen; the tilt angle of
the transducer was recorded from
the inclinometer, signifying the ante-
version angle. Essentially, as each im-
age was acquired, a concurrent mea-
surement was taken. The total
acquisition time was approximately
10 minutes.§ Parker Laboratories, 286 Eldridge Rd, Fair-

field, NJ 07004.

Figure 2.
Validation against photographs of a dry cadaveric femur. The following steps were taken
during ultrasonographic imaging: the greater trochanter and femoral neck were iden-
tified, the transducer was oriented along their axis before being moved slightly medial
to the center of the intertrochanteric line, the transducer was tilted until the image
became horizontal on the computer screen, and the tilt angle of the transducer was
recorded from the inclinometer.
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Magnetic resonance acquisition
of images. The MRI technician po-
sitioned participants supine with the
hip joint supported by pillows in a
neutral position (0° of rotation, 0° of
abduction, and 0° of flexion). Two
image series were obtained. First, an
axial oblique series of images were
acquired parallel to the femoral
neck, bisecting its superior and infe-
rior borders. Second, an axial
oblique series of images were ac-
quired through the epicondylar axis.
The total imaging time was approxi-
mately 10 minutes.

Measurement of femoral antever-
sion on magnetic resonance im-
ages. Images were analyzed with
Image J software (version 1.36b).� An
image representing the transection
of the femoral neck was first ana-
lyzed to determine the femoral neck
angle with respect to the horizontal
border of the image field of view.
The femoral head and shaft were out-
lined by ellipses, as in Figure 1, and
their centroids were determined. A
line connecting these centroids was
used to define the femoral neck axis
in the transverse plane (Fig. 4A).
Next, the angle between the femoral
neck axis and a horizontal line on the
image field of view was measured
(Fig. 4A). The angle was considered
positive if the femoral head was an-
terior to the femoral shaft and nega-
tive if it was posterior to the femoral
shaft.16

An axial oblique image through the
femoral condyles was used to deter-
mine the femoral epicondylar axis.
The most posterior aspect of each
femoral condyle was defined, and a
line connecting these 2 areas was
drawn (Fig. 4B). This line defined the
femoral epicondylar axis in the trans-
verse plane relative to a horizontal
line on the image field of view
(Fig. 4B). The femoral epicondylar

axis angle was considered positive if
the lateral condyle was anterior to
the medial condyle (indicating a me-
dially [internally] rotated position)
and negative if the lateral condyle
was posterior to the medial condyle
(indicating a laterally [externally] ro-
tated position).16 For determination
of the angle of femoral anteversion,
the femoral neck axis angle was
added to the femoral epicondylar
axis angle.16

Data Analysis
For statistical analyses, an average of
3 measurements was used. The valid-
ity of the US tilting method relative
to the photographs was established
with correlational analyses. For the

determination of concurrent validity,
angles of anteversion measured ultra-
sonographically by 1 examiner and
those determined by MRI were plot-
ted against each other, and r and R2

values were calculated.

Results
The demographic and anthropomet-
ric characteristics of the partici-
pants are shown in the Table. The
average angles of anteversion mea-
sured by US and by MRI were 20.7
degrees (SD�11.0) and 19 degrees
(SD�11.3), respectively.

The correlation of the ultrasono-
graphic tilting method with the pho-
tographs was .93. The standard error

� National Institutes of Health, 9000 Rockville
Pike, Bethesda, MD 20892.

Figure 3.
Ultrasonographic assessment of anteversion in vivo. Participants were positioned supine
with the knees bent to 90 degrees and the lower legs and feet off the edge of the plinth,
a neutral hip position, and the feet flat on a bench at the end of the plinth (below the
level of the plinth). The US transducer was placed on the lateral hip to identify the
greater trochanter and then moved medially to identify the femoral neck. The trans-
ducer was oriented along the long axis of the neck, and the intertrochanteric line was
visualized. The transducer then was tilted until the image became horizontal on the
computer screen, and the angle of tilt was recorded from the inclinometer.
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of the measurement (SEM) for US
was 2.2 degrees, and that for MRI
was 1.9 degrees. The angles of ante-
version measured ultrasonographi-
cally by 1 examiner and those deter-
mined by MRI were plotted against
each other (Fig. 5). The r and R2 values
were .97 (95% confidence inter-
val�.92–.98) and .93, respectively.

Discussion
In the present study, we established
the concurrent validity of ultrasono-
graphic measurements of femoral
torsion with the method considered

to be the current gold standard for
musculoskeletal imaging (ie, MRI).
We took care to develop a reliable
method that accurately measures the
amount of torsion in the femur by
using validation with dry femora and
masking the examiner to the results
of MRI. Our ultrasonographic proce-
dures were based on those devel-
oped by Hudson et al,20 with minor
modifications made in participant
positioning to improve the visualiza-
tion of the femur. In the study by
Hudson et al,20 participants were
seated and semirecumbent, but the

examiner in the present study found
it difficult to clearly visualize the ap-
propriate anatomical landmarks and
read the tilt angle from the inclinom-
eter when that positioning was used.
Supine positioning of participants al-
lowed better visualization and ease
of measurement. This method, how-
ever, requires systematic training
with cadaveric femora, as well as
with study participants, to produce
confidence in image acquisition, view-
ing, and rendering of reliable and valid
measurements.

Figure 4.
Magnetic resonance imaging assessment of femoral anteversion in vivo. (A) The femoral head and shaft were outlined, and their
centroids were determined. A line connecting the centroids defined the femoral neck axis in the transverse plane relative to a
horizontal line on the image field of view. (B) An axial oblique image through the femoral condyles was used to determine the femoral
epicondylar axis. A line connecting the posterior femoral condyles was drawn relative to a horizontal line on the image field of view.
For determination of the angle of femoral anteversion, the femoral neck axis angle (A) was added to the femoral epicondylar axis
angle (B).

Table.
Characteristics of Participants

Variable

X (SD) for:

Men
(n�4)

Women
(n�24)

All
(N�28)

Age, y 26.5 (2.6) 27.0 (4.4) 26.8 (4.0)

Height, cm 179.8 (5.7) 168.4 (7.5) 170.3 (8.0)

Weight, kg 78.5 (6.2) 62.0 (8.2) 64.7 (9.8)
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The results of the present study of
femoral torsion with the greater tro-
chanter and intertrochanteric line as
landmarks for visualization were
consistent with previously reported
findings.19,21 Trust in methods aimed
at the quantification of morphomet-
ric dimensions requires computation
of the SEM, which is an estimation of
the difference between the mea-
sured or estimated values and the
true values. In the present study, the
SEM for US was 2.2 degrees, and that
for MRI was 1.9 degrees. Given these
values, we could be 95% confident
that the true angles of femoral tor-
sion would fall within 4.4 degrees
when measured with US and 3.8 de-
grees when measured with MRI.
Terjesen and colleagues3,21 found
that the accuracy of ultrasonography
was within 5 degrees of that of CT, in
agreement with our findings. One
difference between the 2 studies was
that Terjesen and colleagues3,21 sug-
gested CT had a tendency to overes-
timate the anteversion angle when
compared with US.

Despite excellent concurrent valid-
ity between the 2 methods, discrep-
ancies in the measurements at higher
angles of femoral anteversion were
noted (Fig. 5). Terjesen and col-
leques3,21 suggested that, in hips
with an increased angle of femoral
anteversion (�35°–40°), the image
of the femoral neck and the greater
trochanter becomes indistinct be-
cause of the relative posterior posi-
tion of the trochanter and because
the transducer tends to lose contact
with the skin of the trochanter area.
We agree with those observations.
Measurements acquired by US had
a tendency to overestimate the
amount of femoral torsion at exces-
sive ranges of anteversion (eg, �30°)
in 2 participants in our cohort. It is
less likely that MRI underestimated
the anteversion angle because the
angle was calculated by subtracting
the angles measured in single distant
slices, taking into account the entire

femoral morphology. Therefore, we
recommend that in studies of popu-
lations anticipated to have high lev-
els of anteversion (�35°), such as
newborns and children, the US
method should be modified to ac-
count for this possible problem.

The limitations of the present study
include a moderate sample size and
narrow ranges of ages and body
masses, which may make it difficult
to generalize the success of the
method studied to other popula-
tions. Older patients may not be able
to assume the test position used in
the present study; therefore, it may
need to be modified for comfort. Ex-
cess soft tissue around the area of the
greater trochanter makes it difficult
to palpate, but its location can be
confirmed by sonographic imaging.
It is easier to visualize bony struc-
tures on US images because bone is
more echoic than soft tissue. Thus,
any error of manual palpation will be
corrected by repositioning of the
transducer. Should the issue of ex-

cessive body mass continue to im-
pair visualization of the femur be-
cause of the limited depth that an US
transducer with a center frequency
of 10 MHz can achieve, the use of a
US transducer with a center fre-
quency of 5 Hz will allow for better
visualization at greater depth. Fur-
ther studies are needed to establish
reliability with a larger sample that
is anthropometrically diverse to
permit better generalization of the
findings.

Another limitation of the present
study was the type of inclinometer
used. We used an inclinometer with
a weighted pendulum that depended
on position in the sagittal plane to
swing effectively. If the inclinometer
was tilted too far in either direction
in the sagittal plane, the pendulum
would stick and yield inaccurate
readings. In contrast, Hudson et al20

used a digital inclinometer that did
not depend on position to accurately
measure the angle of femoral ante-
version. This limitation was identi-

Figure 5.
Measurement of femoral anteversion with ultrasound (US) (abscissa) and magnetic
resonance imaging (MRI) (ordinate). Comparison of data rendered values of r�.97 and
R2�.93, showing excellent concurrent validity.
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fied during the initial validation of the
method by use of dry femora. Care
was taken to ensure that this problem
did not occur during data acquisition
by repeating the measurement 3 times
and averaging the values.

Ultrasound has been found to be safe,
inexpensive, clinically accessible, and
reliable; these properties support the
clinical usefulness of this method for
measuring femoral torsion. The clini-
cal motivation for assessing bone mor-
phology stems from observations that
excessive anteversion has been found
in people with lower-extremity mus-
culoskeletal pathologies. A simple static
analysis of femoral morphology and a
shortened abductor lever arm illus-
trates the functional shortcomings as-
sociated with excessive anteversion,
which may contribute to reduced hip
muscle performance.24 Although this
problem cannot be corrected through
nonsurgical means, knowledge of the
problem may allow for a more realistic
determination of clinical prognosis if
a painful condition is present. Alter-
natively, it may lead to a thoughtful
exploration of movement strategies
in which the excessive anteversion is
less deleterious. Two clinical tests are
used to assess the degree of long
bone torsion at the femur: the cate-
gorical Ryder method and the numer-
ically reported Craig test. A recent
study by Souza and Powers23 sug-
gested that although clinicians mea-
sured femoral anteversion reliably,
their measurements had moderate
agreement with those obtained by
MRI (95% confidence interval for a dif-
ference of 11.8°).

An accurate and accessible method
for the measurement of femoral an-
teversion will assist clinicians in de-
termining whether femoral morphol-
ogy is a component of reduced hip
muscle performance. With this infor-
mation, prognosis and length of an
intervention can be determined with
greater ease, ultimately improving
patient care. The present study dem-

onstrated high concurrent validity of
US with the method considered to
be the current gold standard for
musculoskeletal imaging (ie, MRI).
Therefore, we confidently recom-
mend US for the determination of
femoral torsion in an adult popula-
tion. Studies examining the use of
this method in clinical settings are
needed to further explore the pos-
sible impact of femoral torsion on
clinical decision making.
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