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The purpose of this study was to investigate the relationship between femoral neck ver-
sion and pre- and intraoperative findings in hips with femoroacetabular impingement 
(FAI). The authors retrospectively reviewed prospectively collected data on 188 patients 
(204 hips) who underwent hip arthroscopy for FAI and labral pathology. Femoral ver-
sion was measured on magnetic resonance imaging by a fellowship-trained musculo-
skeletal radiologist. The study group comprised 100 men and 88 women with a mean 
age of 35 years (range, 18 to 62 years). Mean femoral version was 9° (range, 210° to 
27°). No relationship was found between femoral version and patient demographics 
(ie, age, sex, weight, height, and body mass index). A significant correlation was found 
between version and degrees of external rotation (r520.208; P5.027) and internal 
rotation (r50.231; P5.002) on physical examination. Patients with femoral version less 
than 5° had significantly increased external rotation (P5.027). Intraoperative findings 
demonstrated that femoral version greater than 15° was related to larger labral tears 
that averaged approximately 38 mm in size, whereas patients with anteversion less 
than 5° had tear sizes measuring 30 mm and patients with angles between 5° and 15° 
had tear sizes averaging 34 mm (P5.008). Hips with femoral version greater than 15° 
were 2.2 times more likely (95% confidence interval, 1.2 to 4.1) to have labral tears that 
extended beyond the 3 o’clock position, denoting more anterior tears. Hips in which a 
psoas release was performed had higher version angles (8° vs 11°; P5.023).
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Figure: Arthroscopic image of a labral tear in the 
anterior position extending past the 3-o’clock posi-
tion (A) compared with a tear in the 12- to 2-o’clock 
position (B). Abbreviations: ACT, acetabulum; L,  
labrum; Lab, labrum. 
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Over the past 2 decades, inter-
est has increased in anatomic 
variations in the proximal femur 

and acetabulum as they pertain to femo-
roacetabular impingement (FAI), labral 
pathology, and hip osteoarthritis. It is 
now recognized that decreased femoral 
head-neck offset is the primary cause of 
cam-type FAI.1,2 In addition, acetabular 
overcoverage, which can either be focal 
from acetabular retroversion or global ret-
roversion as seen in coxa profunda or pro-
trusio acetabuli, is the principal cause of 
pincer-type FAI.3-5 Regardless of whether 
a patient has cam impingement, pincer 
impingement, or both, it is now believed 
that these variations are risk factors for 
early hip osteoarthritis. Many cases of hip 
osteoarthritis previously described as id-
iopathic may in fact be due to these subtle 
bony abnormalities.1,6

Although much attention has been 
given to variations in proximal femoral 
and acetabular anatomy, less attention has 
been focused on the role of femoral ver-
sion. Alterations in femoral version have 
been associated with hip pain and osteo-
arthritis for more than 30 years.7-11 It has 
been further speculated that excessive 
femoral anteversion or femoral retrover-
sion may also play a role in the pathogen-
esis and treatment of FAI.1,12 

The soft tissues around the hip are 
also important in the development of hip 
pathology. The iliopsoas muscle is the 
most important hip flexor. It has a close 
anatomic relationship with the acetabu-
lar labrum and the anterior capsule. This 
muscle has been associated with ante-
rior hip pain in cases of flexor tendinitis, 
snapping hips, and psoas impingement.13 
Psoas impingement has been described as 
a cause of labral tears.14 These tears can 
occur in a more anterior position (close to 
the psoas tendon) in patients with no bony 
abnormalities.14 

The purpose of this study was three-
fold: (1) to describe values for femoral 
anteversion measured using magnetic 
resonance imaging (MRI) in patients un-

dergoing hip arthroscopy for FAI; (2) to 
report the relationship between physical 
examination findings and femoral version 
in these patients; and (3) to report the re-
lationship between the degree of femoral 
anteversion and intraoperative findings 
during hip arthroscopy. The authors hy-
pothesized that patients with significant 
variations in femoral version would have 
differing preoperative examination find-
ings and intraoperative hip pathology.

Materials and Methods
Between June 2009 and May 2010, a 

total of 392 hip arthroscopies were per-
formed at the authors’ institution. Patients 
were included in this study if they had un-
dergone hip arthroscopy for the treatment 
of FAI with concomitant labral pathology 
and had their femoral version measured 
by MRI preoperatively. Exclusion crite-
ria included prior hip arthroscopy, age 
younger than 18 years, and hip dysplasia, 
defined as a lateral center-edge angle less 
than 20°.13 This study was approved by 
the institutional review board.

A total of 188 consecutive patients 
(204 hips) met the inclusion criteria. 
Patient demographics, including age, sex, 
weight, height, and body mass index, were 
prospectively collected and retrospec-
tively reviewed. All patients underwent a 
detailed physical examination. Range of 
motion was measured with a goniometer 
in all planes, including abduction, adduc-
tion, flexion, and internal and external 
rotation. Internal and external rotation 
measurements were performed with the 
patient lying in the prone position on the 
examination table. The impingement test 
(flexion–adduction–internal rotation) and 
the flexion–adduction–internal rotation 
distance were also recorded. The flexion–
adduction–internal rotation distance is 
determined by placing 1 leg in a figure-
of-four position so the ipsilateral ankle is 
positioned proximal to the contralateral 
knee. The vertical distance between the 
genicular line and the examination table 
was recorded, and the difference between 

the affected and nonaffected side was cal-
culated. The test was positive when the 
difference between extremities was more 
than 4 cm.15

Radiographic views included an an-
teroposterior pelvic view, a cross-table 
lateral view, and a false-profile view. 
After radiographic evaluation, hips were 
classified as having either cam, pincer, or 
mixed-type (cam and pincer) impinge-
ment. Hips classified as having cam im-
pingement had an alpha angle greater than 
50°. Hips classified as having pincer im-
pingement had at least 1 of the following 
radiographic findings: a crossover sign, 
coxa profunda, or protusio acetabuli. The 
alpha angle was measured in the cross-
table lateral view as described by Nötzli 
et al.16 The lateral center-edge angle was 
measured on the anteroposterior view.15 
The anterior center-edge angle was not 
measured. 

Magnetic resonance imaging was 
obtained in all cases using a 3-T unit 
(Magnetom Verio 3T; Siemens Medical 
Systems, Erlangen. Germany). No ar-
thrograms were performed. Images were 
evaluated for the presence of labral tears, 
cartilage disorders, ligamentum teres rup-
tures, and other soft tissue pathologies. 
The femoral anteversion was measured 
using the technique described by Tomczak 
et al.17 After obtaining a scout view of the 
knee, an axial slice containing the most 
posterior aspect of both femoral condyles 
was determined, and an angle comprising 
the horizontal plane and a line containing 
the most posterior part of the distal femoral 
condyles was determined. 

A second slice containing the center 
of the femoral head and the center of the 
femoral neck was obtained and considered 
to be the femoral neck axis. Then, an angle 
comprising the femoral neck and the hori-
zontal plane was measured. The femoral 
neck anteversion angle was considered to 
be the difference between the femoral neck 
angle and the posterior distal condyle angle 
(Figure 1). Positive angles were considered 
anteversion and negative angles were con-
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sidered retroversion. All MRI data were 
analyzed by a fellowship-trained muscu-
loskeletal radiologist (C.P.H.) with more 
than 10 years of clinical practice. Magnetic 
resonance imaging was obtained for the in-
jured hip only.

surgical technique
All hip arthroscopies were performed 

by the senior author (M.J.P.) with patients 
in the modified supine position on a frac-
ture table using anterolateral and midan-
terior portals, as previously described.18,19 
Intraoperative data included the pres-
ence, location, and size of a labral tear, 
the presence and location of cartilage le-
sions, which were graded according to the 
Outerbridge classification,20 the presence 
of ligamentum teres pathology, and the 
necessity for either an arthroscopic psoas 
release or a capsular plication. Patients 
with grade IV cartilage lesions underwent 
a microfracture procedure.

All ligamentum teres tears, both partial 
and complete, were treated with thermal 
and mechanical debridement. If a psoas 
release was necessary, it was performed in 
the central compartment through a small 
capsular window using an arthroscopic 
knife (Figure 2). This was a partial re-
lease, cutting only the tendinous part of 
the muscle–tendon unit of the iliopsoas 
muscle. Indications for a psoas release in-
cluded internal snapping hip (asymptom-

atic or symptomatic), flexor tendinitis, and 
intense synovitis in the anterior capsule 
during hip arthroscopy (Figure 3). Flexor 
tendinitis was diagnosed by physical ex-
amination, which included tenderness 
associated with the psoas with palpation 
and painful resisted leg flexion, in addi-
tion to signs of edema in the flexor tendon 
on MRI. Synovitis of the anterior capsule 
next to the “psoas U” in patients with FAI 
was often associated with flexor tendinitis 
in the senior author’s experience.

The senior author performed a capsu-
lar closure in the majority of hip arthros-
copies and chose to perform a plication in 
cases of capsular laxity. Capsular laxity 
was considered in cases of global laxity 
(knee hyperextension and elbow hyperex-
tension), in patients subjectively report-

ing hip instability, and in patients where a 
patulous capsule was observed during hip 
arthroscopy. Labral tears were repaired 
with suture anchors if possible. The size 
and location of the labral tears were re-
corded using the clock-face location sys-
tem.21 Labral tear size was estimated us-
ing a burr as a reference size. The same 
surgeon measured all tears with the same 
device. For the labral tear location analy-
sis, all data on left hips were mirrored and 
presented as right hips. In cases where the 
labral tear was considered unrepairable, 
a labral reconstruction using an iliotibial 
autograft was performed.22

Comparison of continuous variables 
by binary categorical variables was per-
formed using the independent-samples t 
test, and comparison of multiple (more 

Figure 2: Arthroscopic image showing psoas release 
performed in the central compartment through a 
small capsular window using an arthroscopic knife.

2
Figure 3: Arthroscopic image of intense synovitis in 
the anterior capsule in a patient who required psoas 
release. Abbreviations: FH, femoral head; L, labrum.

3

Figure 1: Scout view magnetic resonance image of the right knee showing the angle between the most posterior part of the femoral condyles (line A) and the 
horizontal plane (line B) (A). Plane containing the center of the femoral head and the center of the femoral neck (line C) (B). Slice in the plane in Figure 1B  show-
ing the angle comprising the center of the femoral neck and head (line D) and the horizontal plane (line B). In this example, the femoral neck version is 9° (angle 
in Figure 1C2angle in Figure 1A) (C).
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than 2) categorical variables was per-
formed using 1-way analysis of vari-
ance. Comparison of 2 continuous vari-
ables was performed using Pearson’s 
correlation coefficient. Comparison of 
categorical variables was performed us-
ing Fisher’s exact test for comparisons 
of proportions. Statistical analyses were 
performed using SPSS version 11 sta-
tistical software (SPSS Inc, Chicago, 
Illinois). All reported P values are 
2-tailed, with an alpha level of .05 indi-
cating statistical significance.

results
The study group comprised 100 men 

and 88 women with a mean age of 35 
years (range, 18 to 62 years). Mean pa-
tient height was 68 inches (range, 61 to 84 
inches), mean weight was 165 lb (range, 
110 to 318 lb), and mean body mass index 
was 24 kg/m2 (range, 15 to 41 kg/m2). 

Mean femoral anteversion angle was 
9° (range, 210° to 27°). For statistical 
analysis, hips were divided into 3 groups: 
group 1 included hips with an antever-
sion angle of less than 5° (n545; 22%), 
group 2 included hips with an antever-
sion angle between 5° and 15° (n5102; 

50%), and group 3 
included hips with 
an anteversion 
angle greater than 
15° (n557; 28%). 
Femoral version 
was normally dis-
tributed according 
to the Kolmogorov-
Smirnov test (Figure 
4). No relationship 
was found between 
patient demograph-
ics (ie, age, sex, 
height, weight, and 
body mass index) 
and femoral version 
angle. In the 16 bi-
lateral patients, no 
statistical difference 
was found in the 

femoral neck version between sides. The 
first operated side had an average of 8° 
of femoral version, and the second side 
had an average of 6° of femoral version 
(P5.134). 

The physical examination revealed 
the following mean range of motion for 
the affected hip joint: abduction545° 
(range, 18° to 95°), adduction519° 
(range, 2° to 35°), flexion5109° (range, 
45° to 145°), external rotation540° 
(range, 2° to 96°), and internal rota-
tion525° (range, 3° to 95°). All hips had 
a positive impingement sign. Mean dif-
ference of the FABER distance between 
the affected and nonaffected sides was 
4 cm (range, 0 to 26 cm). Seventy-two 
(35%) patients had a difference greater 
than 4 cm between sides and were con-
sidered to have a positive FABER test. 
A significant correlation was found be-
tween version degrees and degrees of 
external rotation (r520.208; P5.027) 
and internal rotation (r50.231; P5.002). 
A significant difference existed between 
version groups based on external rotation 
(P5.027). External rotation for group 
1 (average, 45°614°) was significantly 
higher than that for groups 2 (average, 

38°612°) and 3 (average, 36°613°). 
Average internal rotation was 23° for 
group 1, 25° for group 2, and 30° for 
group 3, but this was not statistically dif-
ferent.

After radiographic evaluation, 20% 
of hips were diagnosed with pincer im-
pingement, 5% with cam impingement, 
and 75% with mixed-type impingement. 
Average lateral center-edge angle was 
36° (range, 20° to 51°). Mean alpha angle 
was 70° (range, 41° to 99°). No signifi-
cant correlation was found between alpha 
angle or center-edge angle and version.

During hip arthroscopy, labral tears 
were identified in 88% of patients. Mean 
tear size was 34 mm (range, 10 to 72 mm). 
Mean tear size was 30 mm in group 1, 34 
mm in group 2, and 38 mm in group 3 
(P5.008). Regarding labral tear position, 
in hips with more than 15° of femoral 
anteversion, 26 tears extended past the 
3-o’clock position and 33 did not; how-
ever, in hips with less than 15° of ante-
version, 37 extended past the 3-o’clock 
position and 103 did not. Hips with ante-
version angles greater than 15° were 2.2 
times more likely to have labral tears that 
extended past the 3-o’clock position (95% 
confidence interval, 1.2 to 4.1), denoting 
more anterior tears (Figure 5). Labral re-
pairs were performed in 178 patients and 
labral reconstructions in 13 patients.

Outerbridge grade III or IV cartilage le-
sions were identified in 97 (52%) hips on 
the femoral side (23 on the weight-bearing 
zone) and in 56 (30%) hips on the acetabu-
lar side. A microfracture was performed in 
23 (12%) of these cases. The psoas tendon 
was arthroscopically released in 44 (21%) 
patients. Tears of the ligamentum teres, 
both full (3 hips) and partial (126 hips), 
were identified during 129 (63%) of the 
surgeries (Figure 6). A significant associa-
tion was found between femoral version 
and the need for a psoas release. Mean 
femoral version angle was 11° in patients 
in whom a psoas release was performed 
and 8° in patients in whom a psoas release 
was not performed (P5.023). No asso-

Figure 4: Graph showing a normal femoral neck version distribution with the 
peak at 8°. Values less than 0 indicate retroversion. Abbreviation: Std Dev, 
standard deviation. 
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ciation was found between the presence of 
grade III or IV cartilage lesions or ligamen-
tum teres tears and femoral version.

discussion
The results of this study revealed that 

patients undergoing hip arthroscopy for 
FAI had a mean femoral neck version of 
9°. Although no relationship was found 
between femoral neck version and patient 
demographics, hip external rotation was 
negatively correlated with femoral version 
and internal rotation was positively corre-
lated with femoral version. In addition, 
hips with greater anteversion were more 
likely to have larger and more anterior 
labral tears and to require a psoas tendon 
release at the time of arthroscopy.

Femoral neck version is the torsion 
of the proximal femoral head with refer-
ence to the distal femur.23 When discuss-
ing femoral version, defining normal 
values is of paramount importance. The 
Table  shows normal values reported in 
the literature. Values range from 8°23 to 
20°.7,12,17,24,25,37,51-61 The current study 
found a mean femoral anteversion angle 
of 9°, which is consistent with the litera-
ture. Therefore, it appears that femoral 
version does not differ in the FAI popu-
lation compared with healthy individuals. 
The current findings are also similar to 
the value of 9.7° found by Ito et al.12 A 
broad range of values for femoral version 
(range, 210° to 27°) has been reported 

in prior studies,23-39,51-61 which makes it 
challenging to define a normal range for 
femoral version.

Several methods have been described 
to measure femoral version, including 
physical examination,26,27 radiography,29,30 
ultrasonography,31-34 two-dimensional 
computed tomography (CT),25,35-37 three- 
dimensional CT23,38 and MRI.17,39 Magnetic 
resonance imaging has the advantage over 
radiography and CT of avoiding radiation 
exposure. Moreover, MRI is used routinely 
in FAI patients to evaluate labral and car-
tilage pathology.40,41 Although CT scans 
remain the gold standard for calculating 
femoral version, studies with MRI have 
reported high levels of accuracy compared 
with CT scans with high inter- and intraob-
server agreements.17

In the current study, no relationship 
was identified between patient demograph-
ics (ie, age, sex, weight, height, and body 
mass index) and femoral version. However, 
a correlation was found between femoral 
version and hip external rotation. In addi-
tion, the data showed that external rotation 
increased for patients with femoral version 
less than 5°. No difference was found be-
tween the other groups. For internal rota-
tion, a statistically significant difference 
did not exist between the groups, so it was 
unclear at what degree of version internal 
rotation is diminished. This relationship 
has been previously described in the lit-
erature42,43 and is used to estimate femoral 

neck version during physical examina-
tion. This is an important finding because 
symptomatic FAI patients typically have 
decreased range of motion,15,44 so the rela-
tion between hip ROM and femoral neck 
version could be lost in patients with FAI. 
However, physical examination in the cur-
rent study was performed while patients 
were awake, so it is impossible to estimate 
if rotation was limited by pain and not just 
by bony impingement. 

During hip arthroscopy, patients with 
femoral anteversion greater than 15° had 
larger labral tears than patients with femo-
ral anteversion less than 15°. Patients with 
higher anteversion also had labral tears lo-
cated in a more anterior location. In addi-
tion, hips that needed a psoas release had 
greater anteversion compared with those 
that did not. Psoas impingement is caused 
by a compression or traction force of the 
psoas tendon on the anterior capsulolabral 
complex.41 This force may lead to more 
anterior labral tears that occur in close 
proximity to the psoas valley, or psoas 
U.45 The relationship of the psoas muscle 
and femoral anteversion has been previ-
ously described in the literature. Using a 
mathematical model, Frain46 reported that 
when femoral anteversion is marked, the 
anterior muscles play a greater role in the 
maintenance of equilibrium. Schutte et 
al47 used a computerized model to show 
that psoas muscle length is sensitive to 
femoral anteversion. Greater antever-

Figure 6: Arthroscopic image showing a partial 
tear of the ligamentum teres (arrow).

6
Figure 5: Arthroscopic image of a labral tear in the anterior position extending past the 3-o’clock position 
(A) compared with a tear in the 12- to 2-o’clock position (B). Abbreviations: ACT, acetabulum; L, labrum;  
Lab, labrum.
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sion angles may lead to an overtightened  
psoas. It is unclear how large of an in-
crease in version angle would be necessary 
to cause the psoas to require treatment. In 
a recent study, increased femoral version 
was associated with inferior outcomes 
after psoas lengthening.48 However, it is 
important to note that increased femoral 
version was greater than 25° in that study. 
However, in the current study, only 2 pa-
tients had femoral version greater than 
25°. Further research is needed to better 
elucidate the relationship of the psoas 
tendon, femoral version, and acetabular 
labrum.

Femoral version influencing hip pa-
thology is not a novel idea; however, 
reports are contradictory regarding 
whether higher or lower angles are det-
rimental for the hip joint. In osteoarthri-
tis, both increased and decreased femo-
ral anteversion have been implicated in 
primary osteoarthritis of the hip.7-11,49,50 
Regarding FAI, decreased femoral ver-
sion has been reported as a predisposing 
factor in the pathomechanics of impinge-
ment.1,12 The current study demonstrated 
that patients with FAI can present with 
normal, increased, or decreased femoral 
anteversion.

Limitations to the current study includ-
ed its retrospective design and the lack of 
a control group to compare the values of 
femoral anteversion. Nevertheless, a thor-
ough literature review provided an adequate 
historical control group for comparison of 
femoral version. Another limitation to the 
study was the referral nature of the study 
population. The majority of the patients 
were seen by other practitioners and re-
ferred to the current authors’ institution for 
surgical treatment. This explains the large 
number of patients with FAI and the high 
percentage of patients with labral tears. To 
the authors’ knowledge, this was the first 
study to evaluate the association of femoral 
anteversion with intraoperative findings in 
patients with FAI and was the largest series 
of patients in the literature with femoral 
version measurements on MRI.

conclusion
In the current study, patients with FAI 

had a mean anteversion angle of 9°, which 
is similar to values found in the normal 
population. No relationship was found be-
tween femoral version and patient demo-
graphics, but a correlation was identified 
between femoral neck version and hip ro-
tation. Hips with increased femoral ver-
sion angles had larger and more anterior 
labral tears during hip arthroscopy. 
Femoral neck version should be taken into 
consideration in FAI treatment. 
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