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Abstract
Background Femoral version deformities have recently
been identified as a major contributor to femoroacetabular
impingement (FAI). An in-depth understanding of the spe-
cific labral damage patterns caused by femoral version
deformities may help to understand the underlying

pathomorphologies in symptomatic patients and select the
appropriate surgical treatment.
Questions/purposes We asked: (1) Is there a correlation
between femoral version and the mean cross-sectional area
of the acetabular labrum? (2) Is there a difference in the
location of lesions of the acetabular labrum between hips
with increased femoral version and hips with decreased
femoral version? (3) Is there a difference in the pattern of
lesions of the acetabular labrum between hips with in-
creased femoral version and hips with decreased femoral
version?
Methods This was a retrospective, comparative study.
Between November 2009 and September 2016, we eval-
uated 640 hips with FAI. We considered patients with
complete diagnostic imaging including magnetic reso-
nance arthrography (MRA) of the affected hip with radial
slices of the proximal femur and axial imaging of the
distal femoral condyles (allowing for calculation of
femoral version) as eligible. Based on that, 97% (620 of
640 hips) were eligible; a further 77% (491 of 640 hips)
were excluded because they had either normal femoral
version (384 hips), incomplete imaging (20 hips), a lateral
center-edge angle < 22° (43 hips) or > 39° (16 hips), age >
50 years (8 hips), or a history of pediatric hip disease (20
hips), leaving 20% (129 of 640 hips) of patients with
a mean age of 27 6 9 years for analysis, and 61% (79 of
129 hips) were female. Patients were assigned to either the
increased (> 30°) or decreased (< 5°) femoral version
group. The labral cross-sectional area was measured on
radial MR images in all patients. The location-dependent
labral cross-sectional area, presence of labral tears, and
labral tear patterns were assessed using the acetabular
clockface system and compared among groups.
Results In hips with increased femoral version, the labrum
was normal in size (216 6mm2 [95% confidence interval 20
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to 23 mm2]), whereas hips with decreased femoral version
showed labral hypotrophy (14 6 4 mm2 [95% CI 13 to
15 mm2]; p < 0.01). In hips with increased femoral version,
labral tears were located more anteriorly (median 1:30 versus
12:00; p < 0.01). Hips with increased femoral version
exhibited damage of the anterior labrum with more intra-
substance tears anterosuperiorly (17% [222 of 1322] versus
9% [93 of 1084]; p < 0.01) and partial tears anteroinferiorly
(22% [36 of 165] versus 6% [8 of 126]; p < 0.01). Hips with
decreased femoral version showed superior labral damage
consisting primarily of partial labral tears.
Conclusion In the evaluation of patients with FAI, the term
“labral tear” is not accurate enough to describe labral pa-
thology. Based on high-quality radial MR images, surgeons
should always evaluate the combination of labral tear location
and labral tear pattern, because these may provide insight into
associated femoral version abnormalities, which can inform
appropriate surgical treatment. Future studies should examine
symptomatic patients with normal femoral version, as well as
an asymptomatic control group, to describe the effect of
femoral version on labral morphology across the entire
spectrum of pathomorphologies.
Level of Evidence Level III, prognostic study.

Introduction

Abnormal femoral version is a known cause of hip pain and
has been proposed as a contributing factor to the development
of hip osteoarthritis [15, 36, 37]. Until recently, investigations
of femoroacetabular impingement (FAI) have tended to focus
on the morphology of the acetabulum and proximal femur,
with classically described cam and pincer deformities. More
recently, femoral version has been introduced as an additional
factor in FAI [5, 39]. Published reference values for normal
femoral version vary widely depending on the measurement
method used. However, abnormal femoral version is present
in half of symptomatic patients with FAI, as well as in three of
four patients with radiographically “unremarkable” hip pain
[21]. Decreased femoral version, or relative femoral retro-
version, can aggravate a concomitant cam-type morphology,
leading to an intra-articular mechanical conflict [15].
Increased femoral version presentswith increased internal and
reduced external rotation and is a reported cause of posterior
intra-articular or extra-articular FAI [2, 22, 32]. It is also as-
sociated with hip instability via anterior levering out of the
femoral head [39].

Specific hip pathomorphologies can be associated with
typical intra-articular damage patterns. Although cam-type
FAI leads to chondrolabral separation and the so-called
outside-in lesion [1, 17], pincer impingement can result in
labral hypotrophy and ossification [25, 35]. Mucoid de-
generation, labral hypertrophy, and the inside-out lesion
have been reported in hip dysplasia [14, 16, 23, 27, 35].

However, there are few data on the association between
abnormal femoral version and potential lesions of the ac-
etabular labrum in symptomatic individuals.

We therefore asked the following: In a selected group of
patients with hip pain presenting to our outpatient clinic, (1) is
there a correlation between femoral version and themean cross-
sectional area of the acetabular labrum? (2) Is there a difference
in the location of lesions of the acetabular labrum between hips
with increased femoral version andhipswithdecreased femoral
version? (3) Is there a difference in the pattern of lesions of the
acetabular labrum between hipswith increased femoral version
and hips with decreased femoral version?

Patients and Methods

Study Design and Settings

This was a single-center, retrospective, comparative study
at the Department of Orthopaedic Surgery, Inselspital
Bern, University of Bern, Bern, Switzerland. We per-
formed a retrospective radiographic review of all patients
who presented to our outpatient clinic with hip pain be-
tween November 2009 and September 2016.

Participants

We included all patients who underwent complete diagnostic
imaging of the symptomatic hip includingmagnetic resonance
arthrography (MRA)with acquisition of radial slices and axial
imaging of the distal femoral condyles, allowing us to calcu-
late femoral version according to the method of Murphy et al.
[24]. Other causes of hip pain that were not associated with
FAI were excluded during diagnostic imaging in all patients.
A total of 620 hipswere available for further analysis based on
these inclusion criteria. We subsequently excluded all hips
with femoral version between 5° and 30° (384 hips), patients
with a history of pediatric hip disease (20 hips), and all hips
with incomplete imaging (20 hips). In addition, 59 hips with
radiographic evidence of acetabular undercoverage (defined
as a lateral center-edge angle < 22°) or overcoverage (defined
as a lateral center-edge angle > 39°) were also excluded. To
minimize the influence of degenerative hip disease, all patients
50 years or older (8 hips) were also excluded. The remaining
129 hips (117 patients) were then assigned to either the de-
creased femoral version group (< 5°, 58 hips) or increased
femoral version group (> 30°, 71 hips) (Fig. 1).

Demographics

The study groups showed no age differences, but there were
more female patients in the increased femoral version group.

2 Heimann et al. Clinical Orthopaedics and Related Research®
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Consequently, we observed that patients in this study group
had lower meanweight, height, and BMI than patients in the
decreased version group (Table 1). However, there was no
effect of sex on the mean labral cross-sectional area in
a univariate regression analysis, and there was no correlation
between height or weight and labral cross-sectional area.
There were more hips who underwent subsequent surgery in
the increased version group than in the decreased version
group (56% [40 of 71] versus 33% [19 of 58]; p = 0.01).
Surgical hip dislocation was the most common procedure in
the increased femoral version group (73% [29 of 40] of
operated-on hips), and hip arthroscopy was the most com-
mon procedure in the decreased femoral version group (53%
[10 of 19] of operated-on hips). More than half (55% [16 of
29]) of the hips undergoing surgical hip dislocation for in-
creased femoral version underwent a concomitant sub-
trochanteric derotation osteotomy.

Radiographic Evaluation

All patients underwent standardized AP pelvis and axial
cross-table radiographs of the symptomatic hip according to
a described acquisition technique [34]. Acetabular and fem-
oral morphology was assessed using Hip2Norm [33, 38]. In

addition to slightly higher mean central acetabular version in
the increased femoral version group, no differences in ace-
tabular morphology were observed between study groups
(Table 2). The increased femoral version group had higher
femoral version (p < 0.01) and a higher caput-collum-
diaphyseal angle (p < 0.01) than the decreased femoral ver-
sion group. Therewere no differences in themean alpha angle
between the study groups. We performed additional stratifi-
cation for cammorphology in both subgroups and for all hips
and found no differences in the total cross-sectional area of the
labrum depending on the presence or absence of concomitant
cammorphology. In addition, a univariate analysis showed no
correlation between central acetabular version and the mean
labral cross-sectional area (p = 0.40).

MRA

All included hips underwent direct MRA with a small field
of view of the affected hip. MRAs were performed on a 3T-
scanner (Siemens) using a six-channel flexible body matrix
phased-array coil according to a published protocol [29].
According to our institutional protocol, the following
sequences were routinely acquired: axial, coronal, sagittal,
and radial sequences along the femoral neck axis, as well as
axial T1 images of the hip and fast morphologic T2-w
turbo-spin echo sequences of the femoral condyles.
Typically, 12 radial slices parallel to the femoral head-neck
axis were obtained in a 2D proton density-weighted turbo-
spin echo sequence without fat saturation.

Measurement of Femoral Version

Femoral version was measured according to Murphy et al.
[24]. Decreased femoral version was defined as femoral
version < 5°, and increased femoral version was defined as
femoral version > 30°. Our institution uses 10º to 25º
according to Murphy et al.’s method [24], as published by
Lerch et al. [20], for the normal range of femoral version in
our daily clinical practice, although reported normal values
for femoral version vary [6, 8, 9, 37]. For this study, we
added 5° to this range to account for potential intraobserver

Fig. 1 This study flowchart shows the inclusion and exclusion
criteria for this study.

Table 1. Demographics

Parameter Increased femoral version (n = 71) Decreased femoral version (n = 58) p value

Age in years 25 6 8 29 6 10 0.08

Sex, female 83 (59) 34 (20) < 0.01

Weight in kg 64 6 12 77 6 12 < 0.01

Height in m 1.70 6 0.08 1.74 6 0.07 < 0.01

BMI in kg/m2 22 6 3 26 6 3 < 0.01

Data presented as mean 6 SD or % (n).

Volume 00, Number 00 Femoral Version and Labral Tear Pattern 3
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and interobserver variability and to ensure that our cohort
fell reasonably outside of published normal values for this
measurement method. Fifty-five percent (71 of 129 hips)
had increased femoral version and 45% (58 of 129 hips)
had decreased femoral version.

Measurement of the Circumferential Labral Cross-
sectional Area

To assess labral size, we measured the circumferential cross-
sectional area of the labrum in mm2 in all hips on all radial
MR images according to a method described by Toft et al.
[35]. Acetabular morphology is described on radial MRA
slices using the acetabular clockface system, where the 12:00
position is superior, 3:00 anterior, 6:00 inferior, and 9:00
posterior (Fig. 2). Because each radial slice images the entire
acetabulum, two directly opposite clock positions can be
assessed per image. With 12 radial slices routinely acquired,
24 different clockface positions per hip were available for
assessment. The acetabular notch, which is located inferiorly

between 5:00 and 6:30 (Fig. 2), does not contain the labrum.
Therefore, 20 possible clock positions per hip are usually
available to measure labral size. We furthermore subdivided
the labrum into four quadrants: anterosuperior (12:30 to
3:00), anteroinferior (3:30 to 6:00), posteroinferior (6:30 to
9:00), and posterosuperior (9:30 to 12:00).

Using our institutional picture archiving and commu-
nication system (GE Healthcare), we measured the cir-
cumferential labral cross-sectional area in mm2 for all hips
in all 20 positions on radial MR images using the soft-
ware’s area measurement tool (Fig. 3). Two observers
(IAST and MV) independently measured the mean labral
cross-sectional area in 30 randomly chosen hips covering
the full spectrum of labral sizes for intraobserver and in-
terobserver variability and reproducibility. Using the
intraclass correlation coefficient (ICC), we found an
interrater ICC of 0.90 (95% confidence interval 0.79 to
0.95) and an intrarater ICC of 0.87 (95% CI 0.80 to 0.95).

To address the first study question, we compared the
mean labral cross-sectional area between the two study
groups overall and for each acetabular clockface position
and quadrant independently.

Assessment of Labral Tear Location

The presence of labral damage was assessed on each ra-
dial MRI slice where the labrum was visible with respect
to the acetabular clockface system and labral sections
mentioned above. For this evaluation, a distinction was
made only between an intact (normal) labrum and any
labral lesion (such as a labral tear). Ninety-seven percent
[69 of 71] of the hips in the increased femoral version
group and 93% [54 of 58] of the hips in the decreased
femoral version group (p = 0.28) had labral tears. To
answer the second study question, we compared the
location-dependent frequency of labral tears between the

Table 2. Radiographic morphology

Parameter Increased femoral version (n = 71) Decreased femoral version (n = 58) p value

Acetabular morphology

LCE angle in ° 29 6 5 31 6 4 0.95

Acetabular index in ° 3 6 5 4 6 5 0.21

Extrusion index, % 21 6 5 20 6 5 0.12

Crossover sign, positive 65 (46) 78 (45) 0.07

Retroversion index, % 13 6 15 13 6 12 0.61

Central acetabular version in ° 20 6 5 17 6 7 < 0.01

Femoral morphology

Alpha angle in ° 50 6 10 56 6 11 0.09

CCD angle in ° 136 6 8 130 6 6 < 0.01

Femoral torsion in ° 40 6 8 0 6 4 < 0.01

Data presented as mean 6 SD or % (n); CCD = caput-collum-diaphyseal.

Fig. 2 This is a depiction of the acetabular clock system for the
spatial description of acetabular lesions on radial MRA slices.

4 Heimann et al. Clinical Orthopaedics and Related Research®
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study groups overall and by frequency per acetabular
clockface position.

Assessment of Labral Tear Pattern

After identifying all radial MR images with labral pathol-
ogy as described above, we subdivided all labral lesions
according to their specific tear pattern using the MRA-
based definition described by Schmaranzer et al. [29]. A

partial tear is defined as a hyperintense signal extending
between the labral base and acetabular rim. A full tear is
complete interposition of a hyperintense signal between the
labral base and acetabular rim. An intrasubstance tear is
a focal, hyperintense signal extending into the labral sur-
face [29]. In addition, labral hypotrophy was used to de-
scribe a nearly absent labrum [35] (Fig. 4). We calculated
the overall frequency of the different labral lesions and the
location-dependent frequency of lesions with respect to the
acetabular clockface. To further characterize labral tear
patterns, we compared the frequency between each of the
four quadrants described above.

Ethical Approval

The local ethics committee approved the study protocol
before initiation of the investigation (project ID 2018-
00078).

Statistical Analysis

Normal distribution testing was performed using
a Kolmogorov-Smirnov test. For continuous, normally dis-
tributed data, an independent-samples t-test was used to
compare the mean labral cross-sectional area between study
groups at the different clock positions. For non-normally
distributed data and categorical variables, a Mann-Whitney
test was applied. We used the chi-square test to analyze
differences in the distribution of tear patterns.

We performed an a priori power analysis using the two-
tailed difference between two independent groupswith a level
of significance of 5% and a beta error of 5%, an assumed

Fig. 3 These images showmeasurement of the circumferential labral cross-sectional
area inmm2 (red dotted line) on radial MR images. (A) This image shows a 21-year-old
female patient with femoral version of -2° and a circumferential labral cross-sectional
area of 4 mm2 in the 3:00 position. (B) This 18-year-old female patient has femoral
version of 54° and a circumferential labral cross-sectional area of 38 mm2 in the 3:00
position.

Fig. 4 Labral tear patterns, corresponding MRI morphologic
aspects, and associated illustrations are shown here.

Volume 00, Number 00 Femoral Version and Labral Tear Pattern 5
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cross-sectional area of 19 mm2 (15 mm2) for the increased
femoral version (decreased femoral version) group, and
a reported standard deviation of 6 mm2 [35]. This revealed
a total of 120 hips (60 per group). The statistical analysis was
performed with the statistical software add-in WinStat® for
Microsoft Excel® (Version 2012.1.0.96, STATCONGmbH).
Power analysis was performed using the open-source soft-
wareG*power (Version 3.1.9.6,HeinrichHeineUniversität).

Results

Correlation Between Femoral Version and the Mean
Labral Cross-sectional Area

In hips with increased femoral version, the labrum was
normal in size, whereas hips with decreased femoral ver-
sion showed labral hypotrophy (Fig. 5).

The mean overall circumferential labral cross-sectional
area was 216 6 mm2 (95% CI 20 to 23 mm2) in hips with
increased femoral version and 14 6 4 mm2 (95% CI 13 to
15 mm2) in hips with decreased femoral version (p < 0.01)
(Fig. 6). A normal labral cross-sectional area, according to
Toft et al. [35], is 25.26 6.2 mm2. A smaller labral cross-
sectional area in hips with decreased femoral version was
found in all parts of the labrum, using the subgroup analysis
(all p < 0.01) (Table 3).

Comparison of Labral Tear Location

Overall, labral tears were located more anteriorly in hips
with increased femoral version than in hips with de-
creased femoral version (median labral tear location at 1:
30 versus 12:00; p < 0.01). In addition, we noted a higher
incidence of labral tears in the anterior region in the in-
creased femoral version group than in the decreased
femoral version group (between 2:30 and 4:00; all p <
0.05) (Fig. 7). Otherwise, the frequency of labral tears
was similar throughout the circumference of the acetab-
ulum in both groups.

Comparison of Labral Tear Pattern

Hips with increased femoral version showed an anterior
labral damage pattern composed of intrasubstance tears
anterosuperiorly and partial tears anteroinferiorly. Hips with
decreased femoral version showed a superior labral damage
pattern consisting primarily of partial labral tears (Fig. 8).

Hips with increased femoral version showed more
intrasubstance tears, both overall (17% [222 of 1322]
versus 9% [93 of 1084]; p < 0.01) and in the anterosuperior
quadrant (31% [132 of 426] versus 13% [45 of 348]; p <
0.01) than hips with decreased femoral version. In addition,
there was a higher frequency of partial tears in the

Fig. 5 (A) This intraoperative en face view of the acetabulum and (B) corresponding
radial MR image of a hip with increased femoral version show a hypertrophic labrum
with an intrasubstance tear anteriorly (2:00 to 3:00). (C) A corresponding intraoperative
and (D) radial MR image of a hip with decreased femoral version shows a hypotrophic,
almost absent acetabular labrum anteriorly (black arrows).

6 Heimann et al. Clinical Orthopaedics and Related Research®

D
ow

nloaded from
 http://journals.lw

w
.com

/clinorthop by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 01/18/2024



anteroinferior quadrant in these hips than in hips with de-
creased femoral version (22% [36 of 165] versus 6% [8 of
126]; p < 0.01) (Table 4).

In hips with decreased femoral version, the most fre-
quent tear pattern was partial tears, which were more fre-
quent in the anterosuperior and posterosuperior quadrants
than in the anteroinferior and posteroinferior quadrants
(25% [175 of 696] versus 9% [34 of 388]; p < 0.01).

Discussion

Analysis of femoral version has become a diagnostic
cornerstone in the treatment of patients with FAI [22, 39].

To date, the pathomechanic relationship between femoral
version deformities and pathologic conditions of the ac-
etabular labrum remains largely unexplored. To our
knowledge, labral morphology has not been compared
between patients with pathologically increased femoral
version and those with decreased femoral version.
Consequently, the impact of femoral version deformities
on the labral size, tear location, and labral tear patterns is
unclear. Hence, we performed a retrospective study
assessing the labral cross-sectional area, tear location, and
tear pattern on radial MRA images in symptomatic
patients with abnormally increased or decreased femoral
version. Increased femoral version was associated with

Fig. 6 This spider diagram compares the labral size by the mean cross-sectional area (in
mm2) at each clock position between the increased femoral version group (red) and the
decreased femoral version group (blue), including the respective 95% CIs (dotted lines).
Differences (all p < 0.05) between groups were found in all clock positions except for the
7:00 position.

Table 3. Location-dependent labral size by mean cross-sectional area, divided by study group

Acetabular clock-face position on
radial MRI

Labral cross-sectional area in mm2

p valueIncreased femoral version (n = 71) Decreased femoral version (n = 58)

Overall 21 + 6 14 + 4 < 0.01

Anterior labrum (12:30 to 6:00) 22 6 8 12 6 5 < 0.01

Posterior labrum (6:30 to 12:00) 21 6 6 16 6 4 < 0.01

Anterosuperior quadrant (12:30 to 3:00) 22 6 8 13 6 6 < 0.01

Anteroinferior quadrant (3:30 to 6:00) 19 6 8 11 6 4 < 0.01

Posteroinferior quadrant (6:30 to 9:00) 14 6 4 11 6 3 < 0.01

Posterosuperior quadrant (9:30 to 12:00) 26 6 8 19 6 6 < 0.01

Data presented as mean 6 SD or % (n).

Volume 00, Number 00 Femoral Version and Labral Tear Pattern 7
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normal-sized labrums with anterior intrasubstance tears,
while decreased femoral version was associated with
labral hypotrophy and superior partial tears.

Limitations

First, there was no asymptomatic control group and no group
of symptomatic patients with normal femoral version.
Without an asymptomatic control group, we do not know the
actual prevalence of individuals with abnormal femoral ver-
sion who have neither hip pain, nor limitation of motion, nor
labral lesions. However, to minimize selection bias, we in-
cluded all patients who fit our inclusion criteria and were not
subject to our exclusion criteria. To ensure comparability and
improve the generalizability of our findings, we used a de-
scribed method to measure the mean labral cross-sectional
area [35] and additionally performed an intrarater and inter-
rater analysis of the measurements. For the labral tear pattern,
previously validated, reliable and reproducible MRA-based
definitionswere applied [29].Wewere interested in exploring
pathomorphologic changes clearly related to femoral version
deformities rather than characterizing the acetabular labrum in
symptomatic patients with normal femoral version.
Symptomatic patients with normal femoral version are very
likely to suffer from other pathomorphologies of the acetab-
ulum or proximal femur such as acetabular retroversion or
pincer or cam morphology. Because these conditions are as-
sociated with known labral alterations [1, 17, 25], an analysis
of labral morphology in this population would necessarily be
biased. Obtaining hip MRAs from asymptomatic individuals
was beyond the scope of this study. Second, when comparing
our results with the existing research, it is important to view

them in the context of the measurement methods used in
our study versus those reported in other studies. For ex-
ample, our definitions of increased and decreased femoral
version differ from those of studies that use different
measurement methods for femoral version. Because
major differences in the reference values of femoral
version exist between different measurement methods,
a conversion formula was published by Schmaranzer
et al. [30]. To highlight these differences, Dolan et al. [6]
measured femoral version using the method described by
Reikerås et al. [26] and defined a normal range as 5º to
25°. When using the Schmaranzer [30] conversion for-
mula, 25° of femoral version measured by the Reikerås
method is equivalent to 40º of femoral version as mea-
sured by the Murphy method (the method used in this
study). In addition, depending on the measurement
method, a certain degree of measurement variability was
observed when the same measurement method for fem-
oral version was used for different imaging modalities [4,
28]. Therefore, absolute values of femoral version should
be interpreted in the context of the measurement method
and imaging modality used. Third, although sex, height,
and weight were not associated with the labral cross-
sectional area, some influence of demographic differ-
ences (sex, height, and weight) between the study groups
on the location of lesions cannot be excluded and thus
represents a possible bias.

Discussion of Key Findings

Hips with increased femoral version had a higher mean
labral cross-sectional area than hips with decreased femoral

Fig. 7 This figure shows the frequency of labral lesions (in %) broken down by location in
the acetabular clockface system in hips with increased femoral version (red) and decreased
femoral version (blue). Differences (red surface) between the study groups were found
between 2:30 and 4:00 (all p < 0.05).
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version. To our knowledge, this is the first study to in-
vestigate labral size in relation to femoral version on radial
MRI. This imaging sequence is a useful technique for
evaluating labral pathology [18] and has been used to study
the relationship between acetabular coverage and labral
cross-sectional area [35]. As repeatedly reported [10, 11,
16, 19, 31], hips with a hypertrophic labrum show de-
creased femoral head coverage. In a study by Toft et al.
[35], hips with a normal-sized labrum had normal acetab-
ular coverage. However, this trend did not continue when
patients with hypotrophic labrums were analyzed. In fact,
the group with hypotrophic labrums did not differ from the
groupwith normal-sized labrums in any of the radiographic
parameters used to quantify acetabular morphology or
femoral head coverage. This suggests that the influence of
acetabular coverage on labral size might decrease with
increasing coverage, as described by Kraeutler et al. [16].
In our study, hips with decreased femoral version had labral

hypotrophy, whereas hips with increased femoral version
had normal-sized labrums. Strikingly, the distribution of
labral size in hips with decreased femoral version (Fig. 6)
was almost identical to the distribution of labral size of hips
with labral hypotrophy in the study by Toft et al. [35].
Based on these findings, we conclude that there may be
a relationship between femoral version and labral size that
could be approximated logarithmically, with a decrease in
femoral version being associated with a smaller labral size
(Fig. 9).

Labral tears were located more anteriorly in hips with
increased femoral version than in hips with decreased fem-
oral version. There is limited evidence regarding the re-
lationship between femoral version and labral tear location.
Ejnisman et al. [7] investigated the relationship between
femoral version and intraoperative findings during hip ar-
throscopy. Consistent with our results, hips with the highest
femoral version had the largest mean labral tear size (38 mm

Fig. 8 This figure shows the frequency of the different labral tear patterns of hips with
increased femoral version (red) and decreased femoral version (blue) on radial MR images
(in %) by quadrant in the acetabular clockface position. Differences were found for ante-
rosuperior intrasubstance tears (p < 0.001) and anteroinferior partial tears (p < 0.001).
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versus 34 mm versus 30 mm; p = 0.01). Further, these hips
were 2.2 (95%CI 1.1 to 4.2) times more likely to have labral
tears extending beyond the 3:00 position. Another study

similarly reportedmore labral tears beyond the 3:00 position
in hips with high femoral version [9]. The reported mean
labral tear size in this group, however, was only 27 mm and

Fig. 9 This is a presumedmodel of the relationship among labral size, acetabular coverage
(red), and femoral version (blue). Although a lack of acetabular coverage appears to be the
main factor in labral hypertrophy, decreased femoral version appears to be the main
contributor to the development of labral hypotrophy.

Table 4. Location-dependent frequency of labral intrasubstance tears, divided by study group

Acetabular clockface position on
radial MRI

Frequency of labral intrasubstance tear

p valueIncreased femoral version (n = 71) Decreased femoral version (n = 58)

12:00 14 (10) 12 (7) 0.74

12:30 17 (12) 5 (3) 0.04

1:00 17 (12) 14 (8) 0.04

1:30 32 (23) 10 (6) < 0.01

2:00 28 (20) 10 (6) 0.01

2:30 28 (20) 5 (3) < 0.01

3:00 23 (16) 7 (4) 0.02

3:30 7 (5) 3 (2) 0.37

4:00 4 (3) 2 (1) 0.42

4:30 0 (0) 0 (0) 0.25

7:00 0 (0) 0 (0) 0.25

7:30 1 (1) 0 (0) 0.37

8:00 1 (1) 2 (1) 0.89

8:30 0 (0) 2 (1) 0.27

9:00 3 (2) 3 (2) 0.84

9:30 3 (2) 2 (1) 0.68

10:00 4 (3) 0 (0) 0.12

10:30 6 (4) 3 (2) 0.56

11:00 10 (7) 5 (3) 0.32

11:30 11 (8) 7 (4) 0.40

Data presented as % (n) of radial MR images with intrasubstance tears per group.
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did not differ from hips with low femoral version. In con-
trast, Jackson et al. [13] reported a lower incidence of labral
tears at 3:00 in hipswith elevated femoral version.However,
their study involved an intraoperative arthroscopic assess-
ment of labral tears in a smaller cohort of older patients with
lower mean femoral version than in our study group of hips
with increased femoral version. The greater anterior clear-
ance in hips with increased femoral version could explain
the lower incidence of anterior labral tears observed in their
study. Posterior extra-articular impingement with sub-
sequent anterior subluxation of the femoral head may occur
with evenmore elevated femoral version [3, 12, 22, 32]. This
phenomenon could contribute to the labral damage pattern
we observed in the anterior labrum in patients with increased
femoral version (Fig. 10A-C). An increased intra-articular
superior impingement area has been reported in hips with
decreased femoral version [2]. This might explain the su-
perior labral damage pattern in hips with decreased femoral
version, especially because the labrum did not show cam
morphology typical inclusion-type lesions, but rather labral
hypotrophy otherwise associated with impaction-type im-
pingement in pincer FAI (Fig. 10D and 10E).

The pattern of labral tears in hips with increased femoral
version was distinct from the pattern of labral tears in hips
with decreased femoral version. The studies we have

referenced [7, 9, 13] were similar in that they evaluated tear
location but they did not provide any data about tear pat-
tern. Although the linear size of tears was reported,
a qualitative classification of labral tear patterns using
a comprehensive classification system such as the system
proposed by Schmaranzer et al. [29] used in this study may
help provide additional information. Although our study
was not designed to explore the pathomechanism of labral
damage in patients with abnormal femoral version, the
finding that labral tear patterns in high femoral version are
distinct from those of low femoral version raises the
question of what the contributing pathomechanisms to
these patterns are.

Conclusion

We found differences in labral size, tear localization, and
damage pattern when comparing hips with increased
femoral version and those with decreased femoral version.
Hips with increased femoral version show a normal-sized
labrum and an anterior damage pattern with predominantly
intrasubstance tears. By contrast, decreased femoral ver-
sion was associated with labral hypotrophy. In evaluating
patients with FAI, the term “labral tear” is not accurate

Fig. 10 This illustration shows the possible pathomechanisms of labral damage in hips
with increased and decreased femoral version. In (A) hips with excessively increased
femoral version, external rotation leads to posterior extraarticular impingement with ini-
tially (B) moderate decentration of the femoral head and central suction of the anterior
labrum. With continued external rotation, the suction seal is broken, leading to (C) anterior
subluxation of the femoral head and, subsequently, damage to the anterior chondrolabral
transition zone in the form of intrasubstance labral tears. In (D) hips with decreased femoral
version, internal rotation results in (E) an impaction-type impingement with entrapment of
the anterior labrum between the femur and acetabulum, leading to labral hypotrophy over
time.
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enough to describe labral pathology. Based on high-quality
radial MR images, surgeons should always evaluate the
combination of labral tear location and labral damage
pattern, because these may provide insight into associated
femoral version abnormalities, which can inform appro-
priate surgical treatment. Future studies should examine
symptomatic patients with normal femoral version, as well
as an asymptomatic control group, to delineate the effect of
femoral version on labral morphology across the entire
spectrum of pathomorphologies.

This is an open access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives
License 4.0 (CCBY-NC-ND), where it is permissible to download
and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from
the journal.
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27. Sankar W, Beaulé P, Clohisy J, et al. Labral morphologic char-
acteristics in patients with symptomatic acetabular dysplasia. Am
J Sports Med. 2015;43:2152-2156.

28. Schmaranzer F, Kallini J, Miller P, Kim Y-J, Bixby S, Novais E.
The effect of modality and landmark selection on MRI and CT
femoral torsion angles. Radiology. 2020;296:381-390.

29. Schmaranzer F, Klauser A, Kogler M, et al. Diagnostic perfor-
mance of direct traction MR arthrography of the hip: detection of
chondral and labral lesions with arthroscopic comparison. Eur
Radiol. 2015;25:1721-1730.

30. Schmaranzer F, Lerch T, Siebenrock K, Tannast M, Steppacher
S. Differences in femoral torsion among various measurement
methods increase in hips with excessive femoral torsion. Clin
Orthop Relat Res. 2019;477:1073-1083.

12 Heimann et al. Clinical Orthopaedics and Related Research®

D
ow

nloaded from
 http://journals.lw

w
.com

/clinorthop by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 01/18/2024

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


31. Shapira J, Chen J, Yelton M, et al. The inverse relationship be-
tween labral size and acetabular coverage: does it protect the
cartilage in the dysplastic hip? Arthroscopy. 2022;38:385-393.

32. Siebenrock K, Steppacher S, Haefeli P, Schwab J, Tannast M.
Valgus hip with high antetorsion causes pain through posterior
extraarticular FAI. Clin Orthop Relat Res. 2013;471:3774-3780.

33. TannastM,Mistry S, Steppacher SD, et al. Radiographic analysis
of femoroacetabular impingement with Hip2Norm-reliable and
validated. J Orthop Res. 2008;26:1199-1205.

34. Tannast M, Murphy SB, Langlotz F, Anderson SE,
Siebenrock KA. Estimation of pelvic tilt on anteroposterior
x-rays-a comparison of six parameters. Skeletal Radiol. 2006;
35:149-155.

35. Toft F, Anliker E, Beck M. Is labral hypotrophy correlated with
increased acetabular depth? J Hip Preserv Surg. 2015;2:175-183.
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