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RATIONALE AND OBJECTIVES . The ability of biplane radiog-
raphy and standard computed tomography (CT) imaging tech-
niques to measure accurately the human femoral anteversion
was evaluated and compared with an anatomic reference: the
osteometric method.

METHODS. Femoral anteversion of 10 normal adult cadav-
eric human femora were determined using a standardized
anatomic measurement method (the anatomic reference) and
the 2 selected common imaging techniques (biplane radiogra-
phy and CT).

RESULTS. On average, anteversion measurements using bi-
plane radiography were 21⁄2 times greater in magnitude than
measurements using the anatomic reference (absolute mean
difference, 13.5°; P � 0.004). In contrast, the discrepancy
between CT and anatomic reference measurements was nota-
bly less and not statistically significant (absolute mean differ-
ence, 2.8°;P � 0.351). In addition, biplane radiography dem-
onstrated greater inter- and intrarater variability than CT
imaging for repeated measurements of the same bone
specimens.

CONCLUSIONS. Compared with the anatomic reference, CT

imaging was an accurate and valid technique for measuring
the femoral anteversion. In contrast, biplane radiography
demonstrated significant inconsistencies in the measurement of
this anatomic parameter.

KEY WORDS. Femur, anteversion, measurement, radiogra-
phy, computed tomography.

OPTIMIZING FEMORAL anteversion has been considered an
important requirement for normalization of hip mechan-

ics.1–8 Consequently, accurate and reproducible measurement
of this anatomic parameter has been reported to be critical to
the design and proper surgical placement of total hip prosthe-
ses.1–6 Although direct anatomic measurement of this angle
has typically been desirable, in many instances this may not be
possible during clinical procedures or research experiments
using live animal and human subjects and in cadavers in which
soft tissues have not been removed.9–11 Biplane radiography
and computed tomography (CT) are 2 common imaging tech-
niques used frequently to measure this anatomic parameter
under these circumstances.11–18But to date, there has been no
experimental clarity in the literature about their accuracy or
reliability.19 Previousinvestigations have attempted to val-
idate the accuracy and reliability of these techniques by
demonstrating statistically significant measurement cor-
relation between each of these methods with 1 of several
nonstandardized measurement controls, including intra-
operative measurement, physical examination maneu-
vers, and comparisons with other imaging procedures
such as axial tomography and fluoroscopy.11–13,15,19 –23To
the best of our knowledge, no study has compared these
techniques with an anatomic reference, a measurement
method considered by many to be the most accurate
approach for measuring femoral anteversion.1,2,7,8,24
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The purpose of the present study was to examine the
accuracy and reliability of biplane radiography and CT by
comparing these 2 imaging techniques with an anatomic
reference containing well-defined morphologic criteria. The
present investigation does not purport to establish popula-
tion means or variances for the magnitude of femoral ante-
version in a large population sample. Such data already exist
in the scientific literature (see Table 1).1,2,8,10–51

Materials and Methods

Design of the Study

Anteversion angles were measured using common radio-
graphic (biplane projections)14–16 and CT methods used in
clinical and research orthopedics.11,17,18 True anteversion
angles were determined using the osteometric method (an-
atomic reference) previously described by Ruff and oth-
ers.8,24,26,29 All measurements were made on 10 normal
adult cadaveric human femora (10 males: 6 right, 4 left; all
skeletally mature; mean age 47 years, range 20–64 years).
In all cases there was no evidence of skeletal pathology
noted in the clinical records, on radiography, and by direct
inspection of the bones. Equipment used included an osteo-
metric table, a standard hospital X-ray machine, and a
“second-generation” CT body scanner.

Anatomic Reference

Anatomic axes and 3-dimensional orientation of each
bone were established with the posterior condyles placed
flat on an osteometric table.8,24,26,29 Landmarks used are
shown in Figure 1A–C. The anteversion angle (Fig. 1D) was
measured with a clear plastic protractor containing half
circles, similar to instruments used by other anatomic stud-
ies.8,24,26 The true anteversion angle was defined in a trans-
verse plane. The angle was subtended by the line connecting
the centers of the femoral head and neck (head-neck or
cervical axis) and the line connecting the centers of the
distal condyles, parallel to the posterior-most surfaces
(transcondylar axis; Fig. 1D).8,24

Biplane Radiography

In biplane radiography, orientation of the bone was es-
tablished with the use of anteroposterior and lateral radio-
graphs (Fig. 2). To accomplish this, each cadaveric femur
was placed with its posterior condyles flat on the surface of
the X-ray table directly above the properly inserted X-ray
cassette with its proximal end raised (using modeling clay)
to a height corresponding to the longitudinal axis of the
femoral diaphysis in the sagittal plane. A laser beam emitted
from the X-ray tube was used to determine the longitudinal
alignment (or axis) of the bone in the frontal plane. The
X-ray machine was set at 60 kV and 8 MA-s. The antero-
posterior radiograph was made with the X-ray tube centered
over the mid-neck of the femur with the beam aimed per-
pendicular to the surface of the table and the cassette.
Similarly, the lateral radiograph was made with the X-ray

tube centered over the mid-neck of the femur but with the
specimen rotated 90° laterally. The specimen was supported
with modeling clay so that the head of the femur pointed
upward. As before, the beam was aimed perpendicular to
the surface of the table and the cassette. To correct for
potential variation in magnification and resolution, an object
of known size and shape (ie, a “phantom” ) was included in
each radiograph. Each film cassette was 28 � 35 cm and
captured an image of the proximal one third of the femur.

For determining the anteversion angle, the anteroposte-
rior and lateral radiographs of each bone were placed on an
illuminated view box and covered with a transparent film.
With an erasable pen, appropriate axes of orientation (the
head-neck or cervical axis and the longitudinal axis of the
diaphysis) were determined using the procedures described
by Ogata and Goldsand (Fig. 2).15 The head-neck or cervi-
cal axis ran through the middle of the femoral neck and
intersected the center of the femoral head. The longitudinal
axis of the diaphysis was represented by a straight line
connecting the midpoints of the mediolateral breadth of the
diaphysis proximal to and distal to the lesser trochanter.
According to Ogata and Goldsand,15 these axes of orienta-
tion could simply be drawn “by eye” and should be consid-
ered “accurate enough” for most purposes. However, in
some cases in which significant bowing of the femoral
diaphysis is present, these investigators calculated an “av-
eraged” longitudinal axis of “ the shaft [diaphysis]” on the
lateral radiograph (ie, in the sagittal plane).15 An “averaged”
longitudinal axis was not needed in the present study. Cer-
vicofemoral angles � and � were determined using these
axes and a clear plastic protractor that contained half circles
(Fig. 2). These angles were then used to calculate the
anteversion angle of the proximal femur by applying the
trigonometric equation tan AV � tan �/tan �, where AV is
anteversion.

CT Imaging

The CT scanner used in the present study was a second-
generation Picker 1200 SZ model manufactured in 1984.
Settings were adjusted to 130 kV, 190 MA-s, and 20 cm
field size. To determine the anteversion angle, two 1-mm
slices, 1 containing the femoral neck and another near the
distal aspects of the epicondyles, were obtained on each
bone. With each specimen oriented as described in the
preceding section and based on the procedures developed by
Hernandez et al,17 the proximal slice was obtained in a
transverse plane at a location containing the head, the neck,
and the greater trochanter (Fig. 3A). The distal slice was
obtained in a transverse plane at a location just slightly
below the upper pole of the patella (if present on the
specimen) and near the distal aspects of the epicondyles.
Both the proximal and distal slices were parallel to each
other; that is, repositioning of the femur with respect to the
scanner was not necessary during image acquisition. In the
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TABLE 1. English Language Literature Review: Comparison of Human Femoral Anteversion Data in a Historical Context

Degrees of Anteversion Year

Anatomic measurement
Mikulicz25 11.6° 1878
Kingsley and Olmsted26 8.021° (n � 630); 24.4°, 17.2°*† (n � 30) 1948
Hubbard and Staheli31 13.9° (n � 10) 1972
Henriksson10 NP* (n � 123) 1980
Ruff and Hayes8,24 22.7°� (n � 119) 1981, 1983
Moulton and Upadhyay32 15.38° (n � 102) 1982
Yoshioka and colleagues27,28 7.4° (n � 32) 1987
Lausten et al.33 14.0°‡ (n � 30) 1989
Kane et al.34 NP 1992
Ruwe et al.19 NP§ 1992
Miller et al.22 16.4° (n � 24) 1993
Kuo et al.2 10.0° (n � 33) 1998

CT
Hubbard and Staheli31 42°*#†† (n � 20) 1972
Weiner et al.18 NP 1978
Hernandez et al.17 NP†† 1981
Kushner et al.35 NP# 1985
Reikerås et al.36 13° (n � 47) 1985
Mahboubi and Horstmann37 29.4°* (n � 18) 1986
Berman et al.38 30°* (n � 19) 1987
Horstmann and Mahboubi39 10.0° to 40.0°* 1987
Murphy et al.11 NP (n � 32) 1987
Høiseth et al.23 11.4° (n � 33) 1989
Kitaoka et al.40 6.3° (n � 18) 1989
Lausten et al.33 13.5°‡ (n � 30) 1989
Ruwe et al.19 NP 1992
Miller et al.22 11.4° (n � 24) 1993
Abel et al.21 7.2° (L), 10.3° (R)* (n � 2) 1994

Biplane radiography
Dunlap et al.13 8.7°†† (n � 200); 31.0°, 23.7°*† [n � 430] 1953
Ryder and Crane41 NP*†† 1953
Magilligan16 NP 1956
Shands and Steele42 16° to 39°*†† (n � 238) 1958
Reynolds and Herzer20 NP†† 1959
Hubbard and Staheli31 40°*†† (n � 20) 1972
LaGasse and Staheli43 NP* 1972
Fabry et al.44 24.14°*†† (n � 864) 1973
Ogata and Goldsand15 24° (n � 4) 1979
Ruby et al.45 32°*†† (n � 28) 1979
Burr et al.46 NP** 1982
Herrlin and Ekelund14 28° (n � 20) 1983
Proubasta et al.47 NP 1984
Philips et al.48 48.1°* (n � 29) 1985
Reikerås et al.36 10.1°†† (n � 67) 1985
Høiseth et al.23 approximately 10°†† (n � 29) 1989
Ruwe et al.19 NP 1992

Axial tomography/projection(s)
Dunn12 NP* 1952
Budin and Chandler49 NP* 1957
Ruby et al.45 NP* 1979
Kane et al.34 NP*†† 1992

Ultrasonography
Moulton and Upadhyay32 10° to 34° (n � 36) 1982
Philips et al.48 42.4°* (n � 29) 1985
Berman et al.38 26°* (n � 19) 1987
Upadhyay et al.50 20.0° (n � 25) 1987
Lausten et al.33 23.4° to 24.0°‡ (n � 30) 1989
Miller et al.22 21.1° (n � 24) 1993

Fluoroscopy
Rogers51 NP 1931
LaGasse and Staheli43 NP* 1972
Ruby et al.45 35°* (n � 28) 1979

Studies are listed by methodology in reverse chronological order. Anteversion angles are reported (where applicable) as means or median
values. Techniques reviewed included: anatomic measurement of the bone, CT, biplane radiography, axial tomography/projection(s),
ultrasonography, and fluoroscopy. NP, not provided; L, left femur; R, right femur.

* Measurements in children (defined as �1 but less than 17 years of age).
† Measurements in infants (defined as less than 1 year of age).
‡ Median value given instead of the mean.
§ Clinical method.
� Archeological human sample from Pecos Pueblo, New Mexico. In Ruff’s Ph.D. Thesis (1981), mean femoral anteversion angles were

reported in the context of sex and side differences. They generally ranged from 17.8° to 24.6°.
# Axial or transaxial tomography.
** The method includes a cross-table lateral radiogram of the femoral condyles.
†† Positioning apparatus required.
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present human sample, no additional slices were needed to
determine the anteversion angle. However, in some in-
stances, such as in the presence of femoral neck-shaft val-

gus, superimposing 2 proximal slices to create a summation
image may be required to improve measurement accuracy.11

This summation image usually comprised (1) a slice at the

FIGURE 1. (A) Anatomic axes and 3-dimensional orientation of each femur were established with the posterior condyles placed flat on an
osteometric table as described by Ruff and others.8,24,26,29 (B, C) Representations of the longitudinal axis of the femoral diaphysis (Z-axis) in
both frontal and sagittal planes. (D) Femoral anteversion (AV) angle in a transverse plane as seen by the observer during measurement. Abmax,
maximum anterior bow of the femur; CD, cervicodiaphyseal angle; C-axis, cervical axis of the femoral neck.
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center of the femoral head and (2) a slice at the center of the
base of the femoral neck.11

An object of known size, shape, and material (ie, a
“phantom” ) was included in each CT slice to account for
variations as a result of magnification and spatial resolu-
tion.52 For determining the anteversion angle of the proxi-
mal femur, the slices were superimposed over an illumi-

nated view box (Fig. 3) and measured with a clear plastic
protractor that contained half circles (Fig. 3C).

Observer Variability

For assessing the impact of interobserver (interrater) and
intraobserver (intrarater) variations on the measurement re-
producibility (reliability) of each technique, repeated mea-
surements were made on each bone specimen by the prin-
cipal investigator and 2 research assistants. After several
instruction sessions, each individual independently mea-
sured the 10 specimens without comparing data. The 2
assistants were blinded to the purpose of the study and had
no previous knowledge of the published population values
for normal adult human femoral anteversion.

Data Analysis

Statistical analyses were conducted using the STAT-
VIEW system package (Version 5.0) developed by the SAS
Institute (Cary, NC). On the basis of the work by Bland and
Altman,53,54 the significance of the differences between
each set of measurements from the 2 imaging techniques
and the anatomic reference (ie, accuracy) were evaluated
using the 1-way analysis of variance (ANOVA) procedure
with the Fisher post hoc pair-wise comparison test. When
appropriate, 95% confidence limits were reported for these
measurement differences.53,54 Pearson correlation coeffi-
cients were also calculated to evaluate the differences be-
tween (interrater variation) and within (intrarater variation)
observers. Statistical significance was set at � � 0.05.

Results

Means, medians, standard deviations, standard errors,
range, and 95% confidence limits for measurement readings
and differences are listed in Tables 2 and 3. On average, the
femoral anteversion measurement using biplane radiogra-
phy was 21⁄2 times greater than the corresponding measure-

FIGURE 2. Biplane radiographic method based on the work by
Ogata and Goldsand.15 (A, B) Anteroposterior and lateral radio-
graphic images of the bone. Cervicofemoral angles � (A) and � (B)
were each defined by the angle subtended by the head-neck axis
(cervical or C-axis) and the longitudinal axis of the proximal femoral
diaphysis (Z-axis). These angles were used to determine the femoral
anteversion (AV) angle by applying the trigonometric equation tan
AV � tan �/tan �.15

FIGURE 3. Based on the work of Hernandez et al,17 the proximal CT slice was obtained in a transverse plane at a location that contained
the head, the neck, and the greater trochanter (A). The distal CT slice was obtained in a transverse plane at a location just slightly below the
upper pole of the patella (if present on the specimen) and near the distal aspects of the epicondyles (B). Femoral anteversion (AV) was defined
as the angle subtended by the head-neck axis (line D) and the transcondylar axis (line C), which is parallel to the posterior-most surfaces of
the distal condyles11,17 (line B; C). A, anterior; P, posterior; M, medial; L, lateral; H, center of the femoral head.
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ment using the anatomic reference (absolute mean differ-
ence, 13.5°; P � 0.004). By contrast, the discrepancy in
measurements between CT imaging and the anatomic ref-
erence was notably less and not statistically significant
(absolute mean difference, 2.8°; P � 0.351).

Tables 4 and 5 list means, medians, standard deviations,
standard errors, range, and Pearson correlation coefficients
for repeated measurements on the same bone specimens
made by each observer using each of the imaging tech-
niques. On average, biplane radiography demonstrated
greater inter- and intrarater variability (lower correlations
among measurements) than CT imaging for these repeated
measurements (Tables 4 and 5).

Discussion

Biplane radiography and CT imaging has been used fre-
quently to measure human femoral anteversion clinically
and during experiments in orthopedic research.11–18 How-
ever, to date, there has been no experimental clarity in the
literature about their accuracy or reliability.9,19 To our
knowledge, no investigation has attempted to quantify the
ability of these techniques to measure accurately the femo-
ral anteversion by comparing them with an anatomic refer-
ence. The present study provides such comparative data.

Numerous techniques exist for measuring femoral antever-
sion, and most of them are based on different radiographic
projections.12–16 Early methods included fluoroscopy, axial
tomography, and biplane radiography12–16,34,43,45,49,51. Because
of relatively lower cost and easier access, biplane radiography
has traditionally been considered a reasonable choice for mea-
suring femoral anteversion when direct anatomic measurement
was not possible.12–16 But with the introduction of newer

technology such as CT imaging, magnetic resonance imaging,
and ultrasound, many clinicians and researchers have increas-
ingly come to recognize that biplane radiography has important
limitations.9,11,17,18,32,38,48,55 For example, some investigators
have reported large discrepancies in results obtained by this
method, concluding that errors as a result of variability in
patient or specimen positioning and X-ray cassette placement
and radiographic interpretation by radiologists or orthopedic
surgeons were common.12–15

Because of its increasing accessibility, simpler noninva-
sive application, and gradually declining cost, CT imaging
has recently become popular for measuring femoral ante-
version in both clinical and research settings.11,17 Although
this technology has been considered precise, its accuracy
has not been firmly established.9,11 Many scientists, for
example, have reported that CT imaging consistently un-
derestimates the femoral anteversion when compared with
nonstandardized measurement controls such as intraopera-
tive measurement, physical examination maneuvers, and
comparisons with other imaging techniques.11,17–19 In addi-
tion, other investigators have suggested that, in both clinical
practice and research experiments that required the use of
live human subjects,42,56–60 CT imaging posed a potential
radiation hazard to certain patient populations, especially
children. Rads per CT slice, for instance, have been esti-
mated to be 5 to 20 times greater than a standard antero-
posterior pelvis radiograph.18 However, this concern may be
unwarranted because most modern CT scanners emit rela-
tively lower, more limited doses of ionizing radiation.

Because ultrasound and magnetic resonance imaging do
not emit ionizing radiation, they are attractive alternatives to
biplane radiography and CT imaging. However, these recent

TABLE 3. Comparative Analysis

Method Comparisons
CT vs.

Reference
Biplane Radiography

vs. Reference

% Difference 25.8% 99.2%
Mean difference 2.8° 13.5°
SD 2.7° 7.5°
t value 0.978 3.682
P value 0.351 (n.s.) 0.004
[95% Confidence limits] [2.5°, 8.1°] [1.2°, 22.2°]

Statistical significance is set at P � 0.05; n.s., not statistically
significant.

TABLE 4. Inter- and Intrarater Variability

Method Mean Median SD SE Max Min

Reference 9.6° 9.4° 3.3° 1.0° 26.4° 4.3°
CT

Observer 1 11.4° 10.5° 4.1° 1.3° 16.3° 1.9°
Observer 2 11.7° 11.0° 2.9° 0.9° 15.5° 1.7°
Observer 3 14.2° 13.0° 5.2° 1.6° 31.9° 8.0°

Biplane Radiography
Observer 1 23.1° 21.6° 7.4° 2.3° 34.6° 10.9°
Observer 2 21.0° 17.8° 6.7° 2.1° 30.5° 10.8°
Observer 3 25.1° 26.5° 8.7° 2.7° 37.8° 11.7°

TABLE 2. Femoral Anteversion Data

Method Mean Median SD SE Max Min [95% Confidence Limits]

Reference 9.6° 9.4° 3.3° 1.0° 26.4° 4.3° [7.3°, 12.0°]
CT 12.4° 13.3° 3.8° 1.2° 17.6° 7.0° [9.7°, 15.1°]
Biplane radiography 23.1° 20.8° 6.9° 2.2° 34.3° 13.5° [18.1°, 28.0°]*

Max, maximum value measured; Min, minimum value measured.
* Statistically significant: 1-way analysis of variance, � level set at P � 0.05.
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innovations require access to technology that may be rela-
tively expensive and may not be readily available to many
clinicians and investigators at various academic and com-
munity-based institutions.9,32 Moreover, scientific investiga-
tions have yet to demonstrate that these techniques are
superior to biplane radiography or CT in accuracy, reliabil-
ity, image resolution, or cost-effectiveness.9,32,38,48

Despite the use of similar methods and homogeneous
population samples, previous studies using various imaging
techniques have reported inconsistent mean values and/or
ranges of normal adult human femoral anteversion (Table
1). These discrepancies, in part, were due to the differences
in defining the complex relationships between various ana-
tomic features of the proximal, mid-, and distal regions of
the femoral diaphysis. If these anatomic landmarks and
accompanying axes of orientation are not properly or con-
sistently selected, then significant errors in accuracy could
occur, leading to erroneous findings.

Because of such inconsistencies and/or structural varia-
tions, difficulties in identifying the anatomic orientation of
the femur were often encountered during biplane radio-
graphic measurements. For example, uncertainties in defin-
ing and/or clearly recognizing the geometric relationships of
the proximal femur could lead to misalignment of the head-
neck axis, as well as the diaphyseal axis of the limb bone in
the sagittal plane (Fig. 4).10,61 This, in turn, could lead to

significant changes in the trigonometric parameters that
were used to calculate femoral anteversion. Consequently,
significant errors in accuracy and in measurement reproduc-
ibility (reliability) could occur while using this technique,
and was probably the case in the present study.

In contrast, CT imaging avoided many of these problems.
Unlike biplane radiography, CT imaging allowed the ob-
server to measure femoral anteversion by viewing the prox-
imal and distal ends of the femur in a transverse plane.
Simultaneous visualization of these proximal and distal
landmarks negated the confusion that may arise when at-
tempting to define the head-neck and diaphyseal axes in
2-dimensional planes produced by biplane projections.
Thus, it was not surprising that the reported difference in
mean anteversion magnitudes between CT imaging and the
anatomic reference was notably less in the present study
(within 2.8°; P � 0.351, not statistically significant), and
that the inter- and intrarater variability observed during
repeated measurements of the same bone specimens were
less for this technique than for biplane radiography (Tables
4 and 5).

These findings, however, are not particularly surprising.
Clinical experience and data from the orthopedic literature
suggest that biplane radiographs in patients are often diffi-
cult to standardize.9,15,16,19,62 Perpendicular views are al-
most never accurately possible and frequently prone to
variability. The measured values in patients are probably
even less accurate clinically than in the present controlled
cadaveric study. These findings suggest that biplane radi-
ography is probably only valuable for a rough estimation of
the femoral anteversion (potential variation in measurement
�13.5°).

Because live human subjects were not included in the
present study, the collected data should be interpreted with
caution. Extrapolation of these data to the clinical setting
should be carried out sensibly, recognizing that in the clin-
ical environment confounding factors such as patient posi-

TABLE 5. Correlation Statistics

Correlation (r) Biplane Radiography CT

Intrarater
Observer 1 A–B 0.756 0.981
Observer 2 A–B 0.642 0.964
Observer 3 A–B 0.702 0.992

Interrater
Observer 1–2 0.707 0.959
Observer 1–3 0.703 0.938
Observer 2–3 0.665 0.873

FIGURE 4. The difference between the long axis (eg, as used in most anatomic measurements of the femur) and the short axis (eg, as used
in biplane radiography) of the femoral diaphysis in the sagittal plane may commonly contribute to an exaggerated mean measured magnitude
of the femoral anteversion angle. For example, the maximum anterior bow of the human femur (located at approximately 55% of the bone
length) may produce a significant deviation in the anatomic alignment of the short axis in the sagittal plane.14–16 This, in turn, could
significantly alter the angle � (see also Fig. 2B) and exaggerate the true mean anteversion angle during biplane radiographic measurements.
Angle �' represents an increase in the cervicofemoral angle � that could contribute to this apparent exaggeration.
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tioning, variability in technician skills, and radiographic
interpretation by clinicians could and may lead to significant
errors in measurement.9,62 The present study also lacked
inclusion of pediatric femora. Because many hip conditions
that require clinical and research knowledge of the femoral
anteversion occur in children, a sample including pediatric
femora may have lent more predictive power to the present
findings.56 Finally, the present study did not examine the
accuracy or reliability of other radiographic methods. The
Dunn projection, for example, has been considered by some
to be a more standardized view of the anteversion angle than
biplane radiographs and may offer measurement possibili-
ties similar to CT imaging.12 However, to date, this projec-
tion has not been used widely by clinicians at various
institutions. Reasons for this are not known, but patient
positioning may be an important factor. Positioning of a
patient in a supine position with the hips and knees flexed at
90 degrees and legs held by an assistant may represent a
more cumbersome procedure than the protocol typically
used in biplane radiography. In addition, the requirement
that the X-ray tube be centered over the upper border of the
symphysis pubis raises concerns regarding proper shielding
of reproductive organs in younger patients during this pro-
cedure. Moreover, many radiology technicians at these in-
stitutions may have limited or no knowledge of this radio-
graphic projection for measuring femoral anteversion.
Nevertheless, the clinical possibilities of using the Dunn
projection or other similar methods deserve further investi-
gation, requiring experimental verification for accuracy and
reliability.

Data from the present study suggest that CT imaging was
the more accurate and valid technique for measuring the
femoral anteversion. In contrast, biplane radiography had
significant inconsistencies. The data suggest that marked
differences and variability in selecting proper anatomic
landmarks accounted for some of the discrepancies found
between this latter method and the anatomic reference.
Consequently, if anatomic measurement of the femur is not
feasible, then CT determination of the femoral anteversion
should be considered the imaging technique of choice for
both clinical and research purposes.

Acknowledgments

This material is based on work supported by the office of
Research and Development Medical Research Service, Depart-
ment of Veterans Affairs, SLC Health Care System, and the
Department of Orthopedics, University of Utah School of Medi-
cine. We thank Nancy Johnson, Greg Lundeen, Kerry Matz, Gwe-
nevere Shaw, Chante Buntin, and Jared Bunch for contributions to
this material and Mr. and Mrs. James Hess for generous donation
to and support of this study.

References

1. Bloebaum RD, Ota DT, Skedros JG, et al. Comparison of human and
canine external femoral morphologies in the context of total hip
replacement. J Biomed Mater Res 1993;27:1149–1159.

2. Kuo TY, Skedros JG, Bloebaum RD. Comparison of human, primate,
and canine femora: implications for biomaterials testing in total hip
replacement. J Biomed Mater Res 1998;40:475–489.

3. Davey JR, O’Connor DO, Burke DW, et al. Femoral component offset.
Its effect on strain in bone-cement. J Arthroplasty 1993;8:23–26.

4. Michelotti J, Clark J. Femoral neck length and hip fracture risk. J Bone
Miner Res 1999;14:1714–1720.

5. Sakai T, Sugano N, Nishii T, et al. Optimizing femoral anteversion and
offset after total hip arthroplasty, using a modular femoral neck
system: an experimental study. J Orthop Sci 2000;5:489–494.

6. Schutte LM, Hayden SW, Gage JR. Lengths of hamstrings and psoas
muscles during crouch gait: effects of femoral anteversion. J Orthop
Res 1997;15:615–621.

7. Sumner DR Jr, Devlin TC, Winkelman D, et al. The geometry of the
adult canine proximal femur. J Orthop Res 1990;8:671–677.

8. Ruff CB. Structural changes in the lower limb bones with aging at
Pecos Pueblo. Doctoral dissertation. Philadelphia: University of
Pennsylvania; 1981.

9. Guenther KP, Tomczak R, Kessler S, et al. Measurement of femoral
anteversion by magnetic resonance imaging: evaluation of a new
technique in children and adolescents. Eur J Radiol 1995;21:47–52.

10. Henriksson L. Measurement of femoral neck anteversion and inclina-
tion. A radiographic study in children. Acta Orthop Scand 1980;
186(suppl):1–59.

11. Murphy SB, Simon SR, Kijewski PK, et al. Femoral anteversion.
J Bone Joint Surg 1987;69-A:1169–1176.

12. Dunn DM. Anteversion of the neck of the femur. A method of
measurement. J Bone Joint Surg 1952;34-B:181–186.

13. Dunlap K, Shands AR Jr, Hollister LC Jr, et al. A new method for
determination of torsion of the femur. J Bone Joint Surg 1953;35-
A:289–311.

14. Herrlin K, Ekelund L. Radiographic measurements of the femoral neck
anteversion. Comparison of two simplified procedures. Acta Orthop
Scand 1983;54:141–147.

15. Ogata K, Goldsand EM. A simple biplanar method of measuring
femoral anteversion and neck-shaft angle. J Bone Joint Surg 1979;
61-A:846–951.

16. Magilligan DJ. Calculation of the angle of anteversion by means of
horizontal lateral roentgenography. J Bone Joint Surg 1956;38-A:
1231–1246.

17. Hernandez RJ, Tachdjian MO, Poznanski AK, et al. CT determination
of femoral torsion. AJR Am J Roentgenol 1981;137:97–101.

18. Weiner DS, Cook AJ, Hoyt WA Jr, et al. Computed tomography in the
measurement of femoral anteversion. Orthopedics 1978;1:299–
306.

19. Ruwe RA, Gage JR, Ozonoff MB, et al. Clinical determination of
femoral anteversion. A comparison with established techniques.
J Bone Joint Surg 1992;74-A:820–830.

20. Reynolds TG, Herzer FE. Anteversion of the femoral neck. Clin
Orthop 1959;14:80–88.

21. Abel MF, Sutherland DH, Wenger DR, et al. Evaluation of CT scans
and 3-D reformatted images for quantitative assessment of the hip.
J Pediatr Orthop 1994;14:48–53.

22. Miller F, Merlo M, Liang Y, et al. Femoral version and neck shaft
angle. J Pediatr Orthop 1993;13:382–388.

23. Høiseth A, Reikerås O, Fønstelien E. Evaluation of three methods for
measurement of femoral neck anteversion. Femoral neck antever-
sion, definition, measuring methods and errors. Acta Radiol 1989;
30:69–73.

24. Ruff CB, Hayes WC. Cross-sectional geometry of Pecos Pueblo fem-
ora and tibiae—a biomechanical investigation: I. Methods and
general patterns of variation. Am J Phys Anthropol 1983;60:359–
381.

25. Mikulicz J. Ueber individuelle Formdifferenzen am Femur und an der
Tibia des Menschen. Mit Berücksichtigung der Statik des Kniege-
lenks. Arch Anat Physiol 1878;1:351–404.

26. Kingsley PC, Olmsted KL. A study to determine the angle of antever-

228 Vol. 38INVESTIGATIVE RADIOLOGY April 2003



sion of the neck of the femur. J Bone Joint Surg 1948;30-A:745–
751.

27. Yoshioka Y, Cooke TDV. Femoral anteversion: assessment based on
function axes. J Orthop Res 1987;5:86–91.

28. Yoshioka Y, Siu D, Cooke TDV. The anatomy and functional axes of
the femur. J Bone Joint Surg 1987;69-A:873–880.

29. Backman S. The proximal end of the femur. Acta Radiol 1957;suppl:
146.

30. Netter R. Role de L’anteversion du Col’ fémoral dans la Statique de la
Hanche Normale et Pathologique. Thèse pour le Doctorat en
Médecine. Paris: Legrand, Amedée; 1940.

31. Hubbard DD, Staheli LT. The direct radiographic measurement of
femoral torsion using axial tomography. Technic and comparison
with an indirect radiographic method. Clin Orthop 1972;86:16–20.

32. Moulton A, Upadhyay SS. A direct method of measuring femoral
anteversion using ultrasound. J Bone Joint Surg 1982;64-B:469–
472.

33. Lausten GS, Jorgensen F, Boesen J. Measurement of anteversion of the
femoral neck. Ultrasound and computerised tomography compared.
J Bone Joint Surg 1989;71-B:237–239.

34. Kane TJ, Henry G, Furry D. A simple roentgenographic measurement
of femoral anteversion. A short note. J Bone Joint Surg 1992;74-
A:1540–1542.

35. Kushner DC, Cleveland RH, Ehrlich MG, et al. Low-dose transaxial
tomography. An alternative to computed tomography for the eval-
uation of anteversion of the femur during childhood. Invest Radiol
1985;20:978–982.

36. Reikerås O, Høiseth A, Reigstad A. Evaluation of the Dunlap/Ripp-
stein method for determination of femoral neck angles. Acta Radiol
Diagn (Stockh) 1985;26:177–179.

37. Mahboubi S, Horstmann H. Femoral torsion: CT measurement. Radi-
ology 1986;160:843–844.

38. Berman L, Mitchell R, Katz D. Ultrasound assessment of femoral
anteversion. A comparison with computerised tomography. J Bone
Joint Surg 1987;69-B:268–270.

39. Horstmann H, Mahboubi S. The use of computed tomography scan in
unstable hip reconstruction. J Comput Tomogr 1987;11:364–369.

40. Kitaoka HB, Weiner DS, Cook AJ, et al. Relationship between femoral
anteversion and osteoarthritis of the hip. J Pediatr Orthop 1989;9:
396–404.

41. Ryder CT, Crane L. Measuring femoral anteversion: the problem and
a method. J Bone Joint Surg 1953;35-A:321–328.

42. Shands AR Jr, Steele MK. Torsion of the femur. A follow-up report on
the use of the Dunlap method for its determination. J Bone Joint
Surg 1958;40-A:803–816.

43. LaGasse DJ, Staheli LT. The measurement of femoral anteversion. A
comparison of the fluoroscopic and biplane roentgenographic meth-
ods of measurement. Clin Orthop 1972;86:13–15.

44. Fabry G, MacEwen GD, Shands AR Jr. Torsion of the femur. A

follow-up study in normal and abnormal conditions. J Bone Joint
Surg 1973;55-A:1726–1738.

45. Ruby L, Mital MA, O’Connor J, et al. Anteversion of the femoral
neck. Comparison of methods of measurement in patients. J Bone
Joint Surg 1979;61-A:46–51.

46. Burr DB, Cook LT, Cilento EV, et al. A method for radiographically
measuring true femoral rotation. Clin Orthop 1982;167:139–144.

47. Proubasta IR, Lluch AL, Roig JL, et al. A new method of measuring
the femoral anteversion and neck-shaft angles. Clin Radiol 1984;
35:323–326.

48. Phillips HO, Greene WB, Guilford WB, et al. Measurement of femoral
torsion: comparison of standard roentgenographic techniques with
ultrasound. J Pediatr Orthop 1985;5:546–549.

49. Budin E, Chandler E. Measurement of femoral neck anteversion by a
direct method. Radiology 1957;69:209–213.

50. Upadhyay SS, O’Neil T, Burwell RG, et al. A new method using
medical ultrasound for measuring femoral anteversion (torsion):
technique and reliability. An intra-observer and inter-observer
study of dried bones from human adults. J Anat 1987;155:119–132.

51. Rogers SP. A method for determining the angle of torsion of the neck
of the femur. J Bone Joint Surg 1931;13:821–824.

52. Ruff CB, Leo FP. Use of computed tomography in skeletal structure
research. Yearb Phys Anthropol 1986;29:181–196.

53. Altman DG, Bland JM. Measurement in medicine: the analysis of
method comparison studies. Statistician 1983;32:307–317.

54. Bland JM, Altman DG. Statistical methods for assessing agreement
between measurements. Biochim Clin 1987;11:399–404.

55. Conway WF, Totty WG, McEnery KW. CT and MR imaging of the
hip. Radiology 1996;198:297–307.

56. Tönnis D, Heinecke A. Current concepts review. Acetabular and
femoral anteversion: relationship with osteoarthritis of the hip.
J Bone Joint Surg 1999;81-A:1747–1770.

57. Svenningsen S, Apalset K, Terjesen T, et al. Osteotomy for femoral
anteversion. Complications in 95 children. Acta Orthop Scand
1989;60:401–405.

58. Staheli LT, Corbett M, Wyss C, et al. Lower-extremity rotational
problems in children. Normal values to guide management. J Bone
Joint Surg 1985;67-A:39–47.

59. Staheli LT. Rotational problems in children. J Bone Joint Surg 1993;
75-A:939–949.

60. Crane L. Femoral torsion and its relation to toeing-in and toeing-out.
J Bone Joint Surg 1959;41-A:421–428.

61. Kuo TY, Skedros JG, Lundeen GA, et al. Direct and indirect mea-
surement of femoral anteversion. Trans Orthop Res Soc 1998;23:
835.

62. Sugano N, Noble PC, Kamaric E. A comparison of alternative methods
of measuring femoral anteversion. J Comput Assist Tomogr 1998;
22:610–614.

No. 4 229Measurement of Femoral Anteversion � Kuo et al


