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emoral anteversion is the term used to describe the relative
rotation (twist) that exists between the shaft and neck of the
femur.” At birth, the angle of femoral anteversion averages
greater than 30°. Throughout development, however, femoral
anteversion decreases, averaging approximately 15° by adulthood.* It
is generally accepted that angles of femoral anteversion greater than

30° are considered “excessive.”” An ab-
normally small angle of femoral an-
teversion (ie, <8°) is referred to as

* STUDY DESIGN: Clinical measurement,
criterion standard.

* OBJECTIVES: To determine if the clinical
measure of femoral anteversion is comparable

to measures obtained from magnetic resonance
imaging (MRI). An additional purpose of this study
was to assess the intertester and intratester reli-
ability of the clinical test.

* BACKGROUND: Femoral anteversion is com-
monly assessed as part of the physical examina-
tion; however, limited and inconsistent data exist
on the validity and reliability of the clinical test.

* METHODS: Eighteen healthy adults (9 males, 9
females; mean = SD age, 25.4 = 3.3 years; body
mass index, 22.9 + 3.4 kg/m?) participated. Each
underwent 3 data collection sessions: (1) MRI to
measure femoral anteversion, (2) clinical testing
of femoral anteversion, measured independently
by 2 physical therapists, and (3) repeated clinical
testing. Validity and reliability were assessed
using intraclass correlation coefficient (ICC, ) and
standard error of measurement (SEM).

“retroversion.”
Excessive femoral antever-
sion is not uncommon and has

* RESULTS: Moderate agreement was found
between the clinical test and MRI measures of
femoral anteversion (ICCs of 0.69 and 0.67 for
examiners 1 and 2, respectively). The SEM was
similar for both examiners (5.8° and 6.0°). Both
intratester (ICCs of 0.88 and 0.90 for examiners 1
and 2, respectively) and intertester (ICC = 0.83)
reliability was found to be substantial.

* CONCLUSIONS: In persons with a low body
mass index, the clinical test to assess femoral
anteversion was shown to exhibit substantial
reliability, but only moderate agreement with MRI
measurements. When performing the clinical test,
one can be 95% confident that the true value of
femoral anteversion will fall within 11.8° of the
clinically measured value. This relatively wide
confidence interval calls into question the clinical
utility of the clinical test for assessing femoral
anteversion. J Orthop Sports Phys Ther 2009;
39(8):586-592. d0i:10.2519/jospt.2009.2996

* KEY WORDS: femur; hip morphology, medical
imaging, physical examination

been associated with several neurologic
and orthopaedic conditions. Children
with cerebral palsy have received con-
siderable attention in this area, owing to
the high prevalence of excessive femoral
anteversion in this population.'®®
Recently, abnormal femoral ante-
version has been speculated as
being contributory to several or-
thopaedic conditions, such as hip
osteoarthritis,?® hip labral tears,”
and patellofemoral pain.'” For this
reason, femoral anteversion is commonly
assessed when evaluating patients with
lower extremity dysfunction.

Various imaging techniques have
been described to measure femoral an-
teversion. The first description involved
radiographs. However, the use of a pro-
jection image to quantify a transverse-
plane entity led to large inaccuracies.'
The radiographic method was replaced
with computed tomography (CT) in the
late 1970s, which was subsequently found
to be more accurate when compared to
an anatomical reference.” More recently,
magnetic resonance imaging (MRI) has
been used to measure femoral antever-
sion. The ability to alter the image plane
gives MRI an advantage over CT, which is
only capable of axial views. By orienting
the image plane parallel to the femoral
neck, visualization of the femoral neck
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axis is improved. The MRI method has
been investigated by several authors and
has been shown to be reliable (r = 0.97)
and comparable to CT (r = 0.77).%

To date, only 1 clinical method has
been described to measure femoral ante-
version. Commonly referred to as “Craig’s
test,” or the “trochanteric prominence
angle test,”® the method involves posi-
tioning an individual prone and flexing
the knee to 90°." The greater trochanter
is then palpated as the thigh is internally
and externally rotated (using the leg of
the flexed knee as a lever arm), until the
greater trochanter is at its most promi-
nent position laterally (FIGURE 1A). Femo-
ral anteversion is measured as the angle
formed by the long axis of the lower leg
and the vertical, and is quantified using a
goniometer or inclinometer (FIGURE 1B).

The first attempt to validate the clini-
cal test for femoral anteversion was per-
formed by Ruwe and colleagues in 1992.%
It was reported that the clinical measure
highly agreed with intraoperative mea-
sures of anteversion (within 4°). However,
a limitation of this study was that the in-
traoperative technique involved “eye-ball-
ing” a Steinmann pin on a radiograph to
assure it was centered within the femoral
neck. Given the subjective nature of the
method employed, the appropriateness
of using this approach as a gold standard
could be questioned. Another limitation
of this study was that the mean age of the
subjects was 8 years old, with a majority
having a diagnosis of cerebral palsy.

A second attempt to validate the
clinical test for femoral anteversion was
undertaken by Davids and colleagues
in 2002.> These authors also evaluated
children with cerebral palsy (n = 20)
and compared the clinical method to
established techniques using CT. They
reported poor agreement between the 2
methods, with errors greater than 10° in
45% of their subjects. Several problems
with the clinical test were discussed that
may help to explain the lack of agreement
with CT measures. In particular, it was
illustrated that the prominence of the
greater trochanter is considerably ante-

FIGURE 1. Clinical test for assessing femoral
anteversion. The examiner palpated the greater
trochanter at its most laterally prominent position
(A), and then used an inclinometer (or goniometer) to

measure the tibia inclination (B).

rior to the subtrochanteric center (used
in the CT measurement of femoral ante-
version), which reveals an inherent flaw
in the clinical exam. Furthermore, the
authors cautioned that their study was
performed on children and that greater
amounts of soft tissue typically found in
older individuals may lead to further in-
accuracies with the clinical test.?

With respect to reliability, several in-
vestigations have assessed the interrater
reliability of the clinical test for femo-
ral anteversion.!®%119:232¢ The results
of these studies vary considerably, as il-
lustrated by the wide range of reported
reliability coefficients (0.17-0.97) and
measurement error (1.1°-8.4°). Of these
studies, only 1 investigated intrarater
reliability of the clinical test for femo-
ral anteversion. These authors reported
excellent within-tester agreement in 3
out of 4 examiners.?® The discrepancies
among reliability studies may be related
to several factors, such as the diverse pop-
ulations evaluated, slight variations in the
methods to measure femoral anteversion,
and the statistical approaches used to es-

tablish reliability.

Given the inconsistencies in the re-
ported results of previous validity and
reliability studies, further research is
needed to assess the usefulness of the
clinical test for femoral anteversion.
More specifically, we sought to assess the
concurrent, criterion-related validity of
the clinical test for femoral anteversion
using MRI. We elected to use MRI to
assess validity as this modality gives the
best direct visualization of the necessary
landmarks with the least amount of in-
vasiveness. An additional purpose of our
study was to assess the interrater and in-
trarater reliability of the clinical measure
of femoral anteversion.

METHODS

Subjects

IGHTEEN HEALTHY INDIVIDUALS (9

females, 9 males) between the ages

23 and 36 years participated in this
study (mean * SD age, 25.4 * 3.3 y;
height, 1.69 * 0.36 m; body mass, 66.0
+12.0 kg; BMI, 22.9 * 3.3 kg/m>). Study
participants were recruited from the Uni-
versity of Southern California student
population. All subjects participated in
the validation and reliability portions of
the investigation. Prior to participation,
all subjects were informed as to the na-
ture of the study and informed consent
was obtained as approved by The Insti-
tutional Review Board of the University
of Southern California. Subjects were ex-
cluded if they had undergone any bony
surgical realignment of the lower extrem-
ity or failed to meet any of the MRI safety
requirements (ie, presence of metal im-
plants, pacemakers, etc).

Instrumentation

Imaging was performed using a 1.5-T
magnetic resonance system (General
Electric Medical Systems, Piscataway,
NJ). T1-weighted images of the proximal
and distal femur were acquired using the
following pulse sequence: repetition time,
450 milliseconds; echo time, 8.1 millisec-
onds; field of view, 24 X 24 cm; matrix,
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256 X 256; slice thickness, 5 mm.

For the clinical measure of femoral
anteversion, an industrial inclinometer
was used (Magnetic Polycast Protractor;
Empire Level Manufacturing Co, Muk-
wonago, WI). This device makes use of
gravity and a pendulum mechanism to
measure inclinations.

Procedures

Subjects underwent 3 separate testing
sessions. The first session involved MRI
assessment to determine femoral an-
teversion. The second session involved
measurement of femoral anteversion
using the clinical method. Two physi-
cal therapists independently measured
each participant to establish interrater
reliability. The third session involved the
same procedures as session 2 and was
used to establish intrarater reliability. For
all testing sessions, only the right side of
each subject was evaluated.

MRI Assessment of Femoral Antever-
sion Subjects were positioned supine on
the imaging table, and the hip joint was
supported by pillows in a neutral position
(0° rotation, 0° abduction, 0° flexion).
Two image series were obtained. First, an
axial oblique image was acquired parallel
to the femoral neck, bisecting its superior
and inferior borders. Next, a second axial
oblique image was acquired through the
epicondylar axis. Total imaging time was
approximately 10 minutes.

Images were analyzed using Image J,
Version 1.36b, software (National Insti-
tution of Health, Bethesda, MD). First,
the image oriented parallel to the femo-
ral neck was analyzed to determine the
femoral neck angle with respect to the
image field of view. The femoral head
was outlined with an ellipse and the cen-
troid was determined. Next, the femoral
shaft was outlined with an ellipse and its
centroid was established. A line connect-
ing the centroids was used to define the
femoral neck axis in the transverse plane
(FIGURE 2A). Next, the angle between the
femoral neck axis and a horizontal line
drawn in the image field of view was
measured (FIGURE 2A). The angle was
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FIGURE 2. Femoral head and femoral shaft were outlined and centroids were determined. A line connecting

the centroids, defined the femoral neck axis in the transverse plane, was compared to a horizontal line drawn

in the image field of view (A). Axial oblique image through the femoral condyles used to determine the femoral
epicondylar axis. The posterior femoral condyle line was referenced to a horizontal line in the image field of view.
To determine femoral anteversion, the femoral neck axis angle (with respect to the image field of view) was added
to the femoral condylar angle (with respect to the image field of view) (B).

considered positive if the femoral head
was anterior to the femoral shaft and
negative if it was posterior to the femo-
ral shaft.?

The axial oblique image through the
femoral condyles was used to determine
the femoral epicondylar axis. The most
posterior aspect of each femoral condyle
was defined and a line connecting the 2
was drawn (FIGURE 2B). This line defined
the femoral condylar axis in the transverse
plane and was referenced to a horizontal
line in the image field of view (FIGURE 2B).
The epicondylar axis angle was positive
if the lateral condyle was anterior to the
medial condyle (indicating an internally
rotated position) and negative if the lat-
eral condyle was posterior to the medial
condyle (indicating an externally rotated
position).? Pilot imaging using a plastic
level with phantom tracers revealed that
the horizontal reference lines used in the
2 sets of images to quantify anteversion
reflected the same orientation.

To determine femoral anteversion,
the femoral neck axis angle (with respect
to the image field of view) was added to
the femoral condylar angle (with respect
to the image field of view).?” All mea-
surements were made by 1 investigator
(R.S.), who was not one of the 2 clinical
examiners. This individual demonstrated
excellent reliability in a pilot study on 5
subjects (ICCZ’3 = 0.99). For statistical

analysis, an average of 3 measurements
was used.

Clinical Assessment of Femoral Ante-
version Two physical therapists with
3 and 16 years of clinical experience in
outpatient orthopaedic practice per-
formed the clinical tests for femoral an-
teversion. Neither routinely performed
this test as part of their clinical practice.
Prior to testing, both examiners under-
went a training session to review the
procedures and methods. The examin-
ers practiced on 3 volunteers who had
previously undergone MRI assessment
of femoral anteversion. The MRI re-
sults were revealed to the examiners as
a form of feedback. These subjects were
not included in the current study. The
training session lasted approximately 1
hour.

The clinical test was performed as
described by previous investigators.*>'
First, participants were positioned prone
on an examination table, with the thigh
of the test extremity in neutral abduc-
tion/adduction. The examiner stood on
the contralateral side to the subject’s hip
being examined. While stabilizing the
sacrum with the forearm, the greater tro-
chanter was palpated with the hand that
was more cranial. The knee of the test ex-
tremity was flexed to 90° using the hand
that was more caudal. The hip was then
internally and externally rotated until the
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TABLE 1 FEMORAL ANTEVERSION ANGLE MEASURED BY MRI AND 2 TESTERS*

Subject Gender BMI (kg/m?) MRIt Examiner 1 Absolute Difference* Examiner 2 Absolute Difference*
1 F 212 233 16.7 6.6 217 16
2 F 20.3 120 133 13 210 90
3 F 219 36.5 293 72 30.3 6.2
4 F 178 217 150 6.7 187 30
9 F 230 86 77 09 107 21
6 F 188 334 207 127 197 137
7 F 226 139 110 29 210 71
8 F 126 37 90 53 16.0 123
9 F 207 236 157 79 190 46
10 M 244 81 153 72 47 34
1 M 247 179 110 69 77 102
12 M 25.2 127 47 8.0 83 44
13 M 20.3 6.5 10.0 Bi5) 6.0 05
14 M 236 196 17 179 6.7 129
15 M 239 128 87 41 100 2.8
16 M 230 188 133 5% 106 82
17 M 336 198 6.0 138 10 188
18 M 24.4 158 83 75 120 38
Mean 229 171 121 70 138 6.7
SD 34 84 6.4 42 76 51

Abbreviations: BMI, body mass index; MRI, magnetic resonance imaging.

* All values in degrees, unless otherwise indicated.

" Values represent the average of 3 measurements.

* Difference between MRI value and tester value.

greater trochanter was determined to be
at its most prominent position laterally
(FIGURE 1A). The base of the inclinometer
was then aligned on the subjects’ tibial
crest. The angulation of the tibia with re-
spect to vertical was recorded (FIGURE 1B).

To assess the intratester reliability of
the clinical measure of femoral antever-
sion, measurements were obtained from
each subject on 2 different occasions. To
prevent measurement recall, data were
obtained at least 1 week apart. For inter-
tester reliability, the first session data for
each examiner was used. In all instances,
measurements were taken 3 times and
averaged for final analysis. Both inves-
tigators were blinded to each other’s, as
well as the MRI measurements of femo-
ral anteversion.

Statistical Analysis
To assess the level of agreement between
measures of femoral anteversion using

MRI and the clinical test, the ICCZ,3 and
the SEM were utilized. The SEM was cal-
culated using the equation \/Z(ABS2)/2,
where ABS equals the absolute difference
score.?® This analysis was performed us-
ing the values obtained in the first clini-
cal testing session and was repeated for
each of the 2 examiners. Intertester and
intratester reliability of measurements
obtained with the clinical test was as-
sessed using ICC, ,. Intertester reliability
was assessed using the values obtained
during the first clinical testing session.
Intratester reliability was assessed using
the values obtained during the first and
second clinical testing sessions for each
tester. Ninety-five percent confidence in-
tervals were calculated for all ICC values.
ICCs were interpreted using the follow-
ing criteria: 0.00-0.10, virtually none;
0.11-0.40, slight; 0.41-0.60, fair; 0.61-
0.80, moderate; 0.81-1.0, substantial.>?
All statistical analyses were performed

with SPSS, Version 15.0 statistical soft-
ware (SPSS, Inc, Chicago, IL).

RESULTS

Validity

HE AVERAGE (SD) ANGLES OF FEMO-
Tral anteversion, as measured by the

clinical test during the first testing
session, were 12.1° (6.4°) for examiner 1
and 13.8° (7.6°) for examiner 2. The aver-
age (SD) amount of femoral anteversion
as assessed using MRI was 17.1° (8.4°)
(TABLE 1). The ICCs assessing the level of
agreement between the 2 methods were
0.69 and 0.67 for examiners 1 and 2, re-
spectively (TABLE 2). The SEM values were
5.8° and 6.0° for examiners 1 and 2, re-
spectively (TABLE 2).

Reliability
The ICC values representing intratester
reliability for examiners 1 and 2 were
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0.88 and 0.90, with SEM values of 3.2°
and 3.1°, respectively. The ICC value rep-
resenting intertester reliability was 0.83,
with a SEM of 3.8° (TABLE 2).

DISCUSSION

gated the concurrent criterion-related

validity and reliability of a clinical test
used to measure femoral anteversion.
Although commonly used by clinicians
for a wide range of patients with vary-
ing clinical conditions, the reliability and
validity of this test has not been clearly
established. In the current study, the
clinical test to assess femoral antever-
sion was shown to exhibit substantial
reliability, but only moderate agreement
with MRI.

In the validity portion of this study,
the ICCs for the level of agreement be-
tween the clinical test and MRI were
moderate (0.69 and 0.67). It should be
noted, however, that the clinical test un-
derestimated the true angle of femoral
anteversion in 75% of the subjects evalu-
ated. This observation is consistent with
the data from Davids et al,?> who created
a 3-dimensional model of the proximal
femur and noted that the location of the
most prominent portion of the greater
trochanter would likely lead to underes-
timations of femoral anteversion when
using the clinical exam.

Although the average difference scores
between each of the examiners and MRI
were relatively small (5.0° and 3.3° for
examiners 1 and 2, respectively), the
average absolute difference scores were
substantially larger (7.0° and 6.7° for
examiners 1 and 2, respectively). Our av-
erage difference scores when comparing
the clinical test and the MRI-measured
values are consistent with those reported
by both Davids et al® (5°) and Ruwe et al
(4°). However, average difference scores
can be misleading, as large overestima-
tions and underestimations will tend
to cancel each other out. In the current
study, the maximum differences between
the MRI and clinical measurements were

IN THE CURRENT STUDY, WE INVESTI-

| RESEARCH REPORT |

VALIDITY AND RELIABILITY OF

TABLE 2 FEMORAL ANTEVERSION MEASUREMENTS
Comparison ICC, , (95% ClI) SEM (deg)
Examiner 1 versus MRI 0.69 (0.08-0.89) 5.8
Examiner 2 versus MRI 0.67 (0.16-0.87) 6.0
Examiner 1 versus examiner 1 (intratester reliability) 0.88 (0.68-0.96) 32
Examiner 2 versus examiner 2 (intratester reliability) 090 (0.74-096) 31
Examiner 1 versus examiner 2 (intertester reliability) 0.83 (0.55-094) 38

imaging; SEM, standard error of the measurement.

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; MRI, magnetic resonance

17.9° and 18.8° for examiners 1 and 2, re-
spectively. While we observed moderate
agreement between examiners and MRI
measurements of femoral anteversion, it
should be noted that the 95% confidence
intervals were fairly wide (TABLE 2).

The SEM gives a better approxima-
tion of the overall measurement error
and is recommended as an estimate of
measurement precision.’® In the current
study, the SEMs for examiners 1 and 2
were similar (5.8° and 6.0°, respectively).
Given an overall average SEM of 5.9° for
both examiners, our data suggest that
one can be 95% confident that the true
angle of femoral anteversion would fall
within 11.8° of the clinically measured
value. This relatively wide confidence in-
terval calls into question the clinical util-
ity of the clinical test, as classification of
persons as having excessive anteversion
or retroversion would only be possible in
extreme cases.

The fact that 22% of our examiners’
values for the difference between clinical
and MRI measurements exceeded the
95% confidence threshold (11.8°) calls
into question the accuracy of the SEM es-
timate. One possible explanation for this
discrepancy may be related to the rela-
tively small sample size used to establish
the SEM in the current study. Perhaps a
larger sample size (eg, greater than 100)
would have resulted in a more accurate
estimation of the SEM.

Despite limited utility of the clinical
measure of femoral anteversion, the level
of agreement observed in the current study
represents an improvement over previous

attempts to validate the clinical test. For
example, 39% of our subjects had a clini-
cal measurement value within 5° of the
MRI-measured value and only 22% had
a clinical measurement value greater than
10° compared to the MRI-measured value.
Our findings are in contrast with those of
Davids et al,’> who reported that 23% of
their subjects had a clinical measurement
value that was within 5° of the femoral an-
teversion value as measured by CT, while
45% of subjects had a clinical measure-
ment that was greater than 10° compared
to the CT-measured value. Differences be-
tween the 2 studies may be attributed to
study population differences (children with
cerebral palsy versus healthy adults) and/
or imaging methods (CT versus MRI).

The most likely source of error be-
tween MRI and clinical measurements
of femoral anteversion is the soft tissue
superficial to the greater trochanter. As
palpation of the greater trochanter is
critical for attaining an accurate clinical
measurement, the soft tissue overlying
the greater trochanter would likely lead
to errors. The sample evaluated in the
current study consisted of healthy young
adults, with an average body mass index
(BMI) of 23. This value falls within the
normal limits for young healthy adults."
It should be noted that the largest errors
were present in the subjects with the
highest BMI. Given as such, our findings
may not be generalizable to individuals
with a higher BMI.

In the intratester reliability portion of
this study, it was found that both exam-
iners demonstrated substantial reliability
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in performing the clinical test for femo-
ral anteversion (ICCs of 0.88 and 0.90
for examiners 1 and 2, respectively). The
examiners had SEMs of 3.2° and 3.1°, in-
dicating that one can be 95% confident
that the clinical measurement made by
a clinician on one day would fall within
6.3° of the measurement from that same
clinician taken at a later date. Our inter-
tester reliability results showed substan-
tial agreement between our 2 examiners
(ICC = 0.83). Given a SEM of 3.8°, one
can be 95% confident that the clinical
measurement taken by 1 clinician would
fall within 7.6° of the measurement taken
by a second clinician.

Our results for intratester reliability
are similar to those of Shultz et al,?> who
reported ICC values ranging between 0.77
and 0.97. In contrast, our results for in-
terrater reliability demonstrated a much
higher level of agreement when com-
pared to previous studies. In their study
of children with cerebral palsy, Ruwe and
colleagues reported that the average
measurement difference between a physi-
cal therapist and an orthopaedic surgeon
was 5.2°. The average difference score in
our study was 1.7°. Ruwe and colleagues®
did not report ICCs or absolute difference,
so direct comparisons are difficult. Simi-
larly, our findings represent an improve-
ment over 3 separate investigations that
evaluated the interrater reliability of the
clinical test for femoral anteversion in
persons with patellofemoral pain.1>2
More specifically, our interrater ICC
(0.83) and SEM (3.8°) were substantially
better than those of Sutlive et al,** Piva et
al,’” and Lesher et al,' who reported reli-
ability coefficients of 0.17, 0.45, and 0.47,
and SEMs of 8.4°, 4.5°, and 7.0°, respec-
tively. Interestingly, after excluding sub-
jects with BMIs greater than 24.5 kg/m?,
Piva and colleagues' reported that their
interrater reliability improved to 0.81.

Aside from the low BMI of our sub-
jects, another possible explanation for
our improved reliability results may be
related to the training the clinicians re-
ceived as part of this investigation. In
our study, the examiners underwent a

training session where MRI measures
of femoral anteversion were revealed to
the examiners and they were allowed to
retest a small group of prestudy subjects
with this information in mind. This expe-
rience may have contributed to the higher
level of reliability not evident in previous
studies. To the best of our knowledge, the
influence of training on the reliability of
clinical measures has not been investi-
gated and would appear to be an impor-
tant direction for future research. Also, it
should be noted that our reliability and
validity results were based on an average
of 3 measurements. Clinical estimates
of femoral anteversion obtained from a
single measurement may be expected to
be less valid or reliable.

It could be argued that the generaliz-
ability of our findings may be limited due
to the fact that only healthy individuals
were studied. However, it should be noted
that 33% or our subjects had MRI-mea-
sured femoral anteversion that could be
considered abnormal (ie, <10° or =30° of
femoral anteversion). An important fac-
tor when evaluating the reliability and/or
validity of a structural characteristic such
as femoral anteversion is to ensure that
structural variability exists within the
sample pool. From that perspective, we
feel that our results can be viewed as be-
ing generalizable, as subjects in our study
exhibited a range of anteversion values
(3.7°-36.5°) that would be observed in
most musculoskeletal conditions.

CONCLUSION

N PERSONS WITH A LOw BMI, THE

clinical test to assess femoral antever-

sion was shown to exhibit substantial
reliability, but only moderate agreement
with MRI. When performing the clinical
test, one can be 95% confident that the
true value of femoral anteversion will fall
within 11.8° of the clinically measured
value. Our findings call into question the
utility of the clinical test, as classification
of persons as having excessive antever-
sion only would be possible in extreme
cases. ®

Il KEY POINTS

FINDINGS: In persons with a low BMI, the
clinical test to assess femoral antever-
sion was shown to exhibit substantial
reliability, but only moderate agreement
with MRI.

IMPLICATION: Our findings call into ques-
tion the clinical utility of the clinical test
as classification of persons as having
excessive anteversion or retroversion
would only be possible in extreme cases.
CAUTION: The generalizability of our
findings may be limited, due to the fact
that only healthy individuals with low
BMI (<25 kg/m?) were studied. Also,

it should be noted that our results were
based on an average of 3 measurements.
Clinical estimates of femoral antever-
sion obtained from a single measure-
ment may be expected to be less valid or
reliable.

1. Arnold AS, Komattu AV, Delp SL. Internal rotation
gait: a compensatory mechanism to restore ab-
duction capacity decreased by bone deformity.
Dev Med Child Neurol. 1997:39:40-44.

2. Braten M, Terjesen T, Rossvoll |. Femoral ante-
version in normal adults. Ultrasound measure-
ments in 50 men and 50 women. Acta Orthop
Scand. 1992;63:29-32.

3. Davids JR, Benfanti P, Blackhurst DW, Allen BL.
Assessment of femoral anteversion in children
with cerebral palsy: accuracy of the trochant-
eric prominence angle test. J Pediatr Orthop.
2002;22:173-178.

4. Fabry G, MacEwen GD, Shands AR, Jr. Torsion
of the femur. A follow-up study in normal and
abnormal conditions. J Bone Joint Surg Am.
1973;55:1726-1738.

5. Gross MT. Lower quarter screening for skel-
etal malalignment--suggestions for orthotics
and shoewear. J Orthop Sports Phys Ther.
1995;21:389-405.

6. Guenther KP, Tomczak R, Kessler S, Pfeiffer T,
Puhl W. Measurement of femoral anteversion by
magnetic resonance imaging--evaluation of a
new technique in children and adolescents. Eur
J Radiol. 1995;21:47-52.

7. Ito K, Minka MA, 2nd, Leunig M, Werlen S, Ganz
R. Femoroacetabular impingement and the cam-
effect. A MRI-based quantitative anatomical
study of the femoral head-neck offset. J Bone
Joint Surg Br. 2001;83:171-176.

8. Karol LA. Surgical management of the lower
extremity in ambulatory children with cerebral
palsy. JAm Acad Orthop Surg. 2004;12:196-203.

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY

VOLUME 39 | NUMBER 8 | AUGUST 2009 | 591



[ RESEARCH REPORT |

10.

11

12.

13.

14.

15.

. Kuo TY, Skedros JG, Bloebaum RD. Measure-

ment of femoral anteversion by biplane radi-
ography and computed tomography imaging:
comparison with an anatomic reference. Invest
Radiol. 2003;38:221-229.

Lesher JD, Sutlive TG, Miller GA, Chine NJ,
Garber MB, Wainner RS. Development of a clini-
cal prediction rule for classifying patients with
patellofemoral pain syndrome who respond

to patellar taping. J Orthop Sports Phys Ther.
2006;36:854-866. http://dx.doi.org/10.2519/
jospt.2006.2208

McArdle WD, Katch Fl, Katch VL. Exercise
Physiology: Energy, Nutrition, and Human Per-
formance. 5th ed. Philadelphia, PA: Lippincott
Williams & Wilkins; 2001.

Morrell DS, Pearson JM, Sauser DD. Progressive
bone and joint abnormalities of the spine and
lower extremities in cerebral palsy. Radiograph-
ics. 2002;22:257-268.

Neumann DA. Kinesiology of the Musculoskel-
etal System: Foundations for Physical Rehabili-
tation. St Louis, MO: Mosby; 2002.

Nguyen AD, Shultz SJ. Sex differences in clinical
measures of lower extremity alignment. J Or-
thop Sports Phys Ther. 2007,37:389-398. http://
dx.doi.org/10.251%/jospt.2007.2487

Piva SR, Fitzgerald K, Irrgang JJ, et al. Reli-

16.

17.

18.

19.

20.

21

22.

ability of measures of impairments associated
with patellofemoral pain syndrome. BMC
Musculoskelet Disord. 2006;7:33. http://dx.doi.
org/10.1186/1471-2474-7-33

Portney L, Watkins M. Foundations of Clinical
Research: Applications to Practice. 2nd ed. Up-
per Saddle River, NJ: Prentice Hall Health; 2000.
Powers CM. The influence of altered lower-
extremity kinematics on patellofemoral joint
dysfunction: a theoretical perspective. J Orthop
Sports Phys Ther. 2003;33:639-646.

Ruby L, Mital MA, O'Connor J, Patel U. Antever-
sion of the femoral neck. J Bone Joint Surg Am.
1979;61:46-51.

Ruwe PA, Gage JR, Ozonoff MB, DeLuca PA.
Clinical determination of femoral anteversion. A
comparison with established techniques. J Bone
Joint Surg Am. 1992;74:820-830.

Sachs L. Applied Statistics: A Handbook of
Techniques. New York, NY: Springer-Verlag;
1982.

Schneider B, Laubenberger J, Jemlich S, Groene
K, Weber HM, Langer M. Measurement of femo-
ral antetorsion and tibial torsion by magnetic
resonance imaging. Br J Radiol. 1997;70:575-
579.

Shrout PE. Measurement reliability and agree-
ment in psychiatry. Stat Methods Med Res.

1998:7:301-317.

. Shultz SJ, Nguyen AD, Windley TC, Kulas AS,

Botic TL, Beynnon BD. Intratester and inter-
tester reliability of clinical measures of lower
extremity anatomic characteristics: implica-
tions for multicenter studies. Clin J Sport Med.
2006;16:155-161.

. Sutlive TG, Mitchell SD, Maxfield SN, et al. Iden-

tification of individuals with patellofemoral pain
whose symptoms improved after a combined
program of foot orthosis use and modified
activity: a preliminary investigation. Phys Ther.
2004;84:49-61.

. Tomczak RJ, Guenther KP, Rieber A, Mergo P,

Ros PR, Brambs HJ. MR imaging measurement
of the femoral antetorsional angle as a new
technique: comparison with CT in children and
adults. AJR Am J Roentgenol. 1997;168:791-794.

. Tonnis D, Heinecke A. Acetabular and femoral

anteversion: relationship with osteoarthritis of
the hip. J Bone Joint Surg Am. 1999;81:1747-
1770.

@

MORE INFORMATION

WWW.JOSPT.ORG

Downloaded from www.jospt.org at on November 25, 2015. For persona use only. No other uses without permission.

Copyright © 2009 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

JOSPT subscribers and APTA members of the Orthopaedic and Sports
Physical Therapy Sections can help the environment by “opting out” of
receiving the Journal in print each month as follows. If you are:

+ A JOSPT subscriber: Email your request to jospt@jospt.org or call the
Journal office toll-free at 1-877-766-3450 and provide your name and
subscriber number.

- An APTA Orthopaedic or Sports Section member: Go to www.apta.org
and update your preferences in the My Profile area of myAPTA.
Select “myAPTA” from the horizontal navigation menu (you’ll be asked
to login, if you haven’t already done so), then proceed to “My Profile.”
Click on the “Email & Publications” tab, choose your “opt out”
preferences and save.

Subscribers and members alike will continue to have access to JOSPT
online and can retrieve current and archived issues anytime and anywhere
you have Internet access.

592 | AUGUST 2009 | VOLUME 39 | NUMBER 8 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


