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As knowledge about the origin and morphologic characteristics of hip pain in the young adult has evolved, so too has the clinician’s
ability to assess for various pathologies of the hip on radiographs, magnetic resonance imaging (MRI)/magnetic resonance
arthrography (MRA), and computed tomography (CT). Because there is no algorithm at this time directly indicating what to do in
more subtle hip morphologies, such as microinstability and borderline hip dysplasia (BHD), a skilled hip preservation specialist
must use multiple imaging sources and know how to interpret them correctly. Imaging parameters used in the workup for hip
dysplasia and BHD include the lateral center-edge angle, Tonnis angle, iliofemoral line, and presence of an upsloping lateral sourcil
or everted labrum, among many others. The purpose of this narrative review was to detail various established criteria and para-
meters on anteroposterior pelvis plain radiographs, MRI/MRA, and CT that assist in defining the nature and severity of instability

present in a dysplastic hip, thereby aiding in the development of patient-specific surgical treatment plans.
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Our knowledge of the natural history of prearthritic hip
conditions continues to evolve, with an improved under-
standing of the origin of premature hip failure occurring
in the past 20 years. There is now an established body of
evidence that femoroacetabular impingement (FAI) and hip
dysplasia are the 2 main causes of early hip degeneration.'®
Therefore, there has been a recent focus on preserving the
hip joint in these patients before end-stage degeneration.
Patients with frank acetabular hip dysplasia require
bony realignment, with periacetabular osteotomy being the
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current bony procedure of choice. Although not universally
accepted by all hip preservation specialists, there are a
subset of patients who do not fall directly into the categories
of frank dysplasia or normal, instead lying somewhere in
between with a condition frequently termed “borderline hip
dysplasia” (BHD). These patients with BHD present a chal-
lenging treatment decision, as some patients with BHD can
benefit from arthroscopy alone, while others necessitate a
periacetabular osteotomy?® in order to obtain favorable
long-term outcomes. Unfortunately, there is not a universal
definition of BHD, and imaging parameters are instrumen-
tal in determining which of these patients may be at higher
risk of failure with an arthroscopy-only treatment
approach.?® Given that BHD thus encompasses both unsta-
ble and stable hips, it becomes paramount for the clinician
to have a broad understanding of the radiographic para-
meters that can assist in deciphering between the 2
conditions.

As knowledge about the origin and morphologic charac-
teristics of hip pain in the young adult has evolved, so too
has the clinician’s ability to assess for various pathologies of
the hip on radiographs, magnetic resonance imaging (MRI)/
magnetic resonance arthrography (MRA), and computed
tomography (CT). Since there is no algorithm at this time
directly indicating what to do in more subtle hip morphol-
ogies, such as microinstability and BHD, a skilled hip pres-
ervation specialist must use multiple imaging sources and
know how to interpret them correctly. The ability to ana-
lyze imaging modalities of the hip and combine these find-
ings with a patient’s clinical history and examination to
determine the correct diagnoses can be challenging, espe-
cially in cases of BHD or microinstability. That said, the
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Figure 1. Lateral center-edge angle (LCEA). The LCEA is an angle formed by a line from the center of the femoral head extending
superiorly and perpendicular to the transverse axis of the pelvis and a line from the center of the femoral head through the lateral
acetabular rim. (A) Coronal T2 fat-saturated magnetic resonance arthrography illustrating how the LCEA of Wiberg includes part of
the labral base that is not actually part of the weightbearing zone. (B and C) Anteroposterior pelvis radiographs illustrating the
difference in LCEA as measured by the (B) Ogata method®* versus (C) Wiberg method.%®

interpretation of imaging and the final global synthesis of a
patient’s hip symptoms can be affected by a clinician’s
training and experience. In addition, caution must be taken
when employing various hip imaging parameters to define
hip instability, as many studies published on this topic have
limitations such as retrospective study designs and a lack of
proper controls.

The purpose of this narrative review was to detail vari-
ous acceptable findings and parameters on plain anteropos-
terior (AP) radiographs, MRI/MRA, and CT that assist in
defining the nature and severity of instability present in a
dysplastic hip, thereby aiding in the development of
patient-specific surgical treatment plans.

RADIOGRAPHIC PARAMETERS

Proper technique is critically important for accurate inter-
pretation of findings on plain AP pelvis radiographs.’?® A
true AP view of the pelvis is achieved with the patient in
the supine or standing position, with a tube-to-image dis-
tance of 120 cm and a photon beam centered midway
between the pubic symphysis and the top of the iliac crests.
The craniocaudal angle of the beam is set to a distance of 1
to 3 cm from the superior aspect of the pubic symphysis and
the sacrococcygeal joint. Proper femoral positioning is rec-
ognized when the greater trochanter is seen laterally and
the lesser trochanter is partially superimposed on the fem-
oral neck. The rotational image quality is ensured when the
obturator rings and acetabular teardrops are symmetric
and the midsacral line aligns with the pubic symphysis.
Although AP pelvis radiographs are often obtained in the
supine position, this may not represent the functional posi-
tion of the pelvis, and standing radiographs better incorpo-
rate the dynamic influences of the periarticular
musculature. In addition, technically suboptimal radio-
graphs, especially with regard to nonanatomic pelvic tilt
and rotation, have been shown to result in overestimation

of abnormal acetabular morphology.'?84° Pelvic tilt and
rotation, acetabular version, leg length discrepancy, and
previous surgical procedures about the pelvis are all impor-
tant factors that can alter the interpretation of imaging
findings.

Lateral Center-Edge Angle

An estimation of acetabular coverage of the femoral head
can be made with measurement of the lateral center-edge
angle (LCEA), also called the center-edge angle of
Wiberg.%® It most specifically defines the superolateral
acetabular coverage of the femoral head, whereas ante-
rior coverage is best assessed by the anterior center-edge
angle, which is measured on a false-profile view of the hip
or by axial CT. The LCEA is an angle formed by 2 lines.
Both lines originate at the center of the femoral head,
with one line extending superiorly and perpendicular to
the transverse axis of the pelvis and the other line passing
through the lateral edge of the acetabulum. This latter
line was more specifically defined to intersect the most
superolateral point of the sclerotic weightbearing zone
of the acetabulum (sourcil). This refinement of the LCEA
was proposed by Ogata et al,2* who noted that acetabular
retroversion in patients with dysplasia yields an overes-
timate of the functional lateral coverage with the conven-
tional technique of measuring LCEA. Utilization of the
Wiberg method has been found to overestimate acetabular
coverage by an average of 4° because of inclusion of a bony
area that functions as the labral base but does not come into
contact with the femoral head, thereby not contributing
directly to coverage or bony area that is located posteriorly
to the true 12-o’clock position (Figure 1). An LCEA <25° is
associated with inadequate femoral head coverage, and
values >40° are conversely indicative of overcoverage and
pincer-type FAIL. Depending on the surgeon, an LCEA of 20°
to 25° defines BHD, whereas other surgeons define BHD as
18° to 25°.%°
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Figure 2. Upsloping lateral sourcil (ULS). (A) A ULS is a caudal-to-cranial inclination of the middle to far lateral aspect of the
acetabular sourcil with loss of the normal lateral acetabular concavity on an anteroposterior pelvis radiograph. This can be
visualized on (B and C) computed tomography as well as (D) magnetic resonance imaging.

Ténnis Angle

Evaluation of acetabular inclination is one of the most use-
ful and important parameters performed on an AP pelvis
radiograph. The Tonnis angle, also referred to as the sourcil
angle, acetabular roof obliquity, and horizontal toit externe
angle, is the most commonly used measurement for and
broadly classifies acetabular inclination. The angle is mea-
sured by drawing a horizontal line, parallel to the trans-
verse pelvic axis, at the most medial edge of the sclerotic
sourcil and then making a second line extending out from
the medial edge to the lateral-most aspect of the sourcil.
This angle classifies acetabular inclination into normal,
increased, or decreased categories. A normal Tonnis angle
is between 0° and 10°. Generally, >10° denotes structural
instability and hip dysplasia and <0° places the hip at
increased risk for pincer-type FAIL

Sourcil Morphology

A normal sourcil has a concave shape that mirrors, and is
congruent with, the femoral head. In dysplasia, the sourcil
may have a flattened, incongruous shape creating laterally
directed shear forces within the hip joint and/or give rise to
labral eversion, which compromises labral suction seal.

Klaue et al?° coined the morphology of some dysplastic ace-
tabuli as having a “short roof,” in which they noted that the
acetabular weightbearing zone is short yet remains congru-
ent with the femoral head. This term has been modified to
“flat roof,” as roof length is short in most cases of dysplasia
because of low volume of the acetabulum. While many
instances have an upsloping roof with a sourcil angle
>10°, there is a subset with a flat roof that can present with
a normal sourcil angle.5” The sourcil morphology must be
taken into consideration when measuring LCEA for
assessing true functional lateral coverage in cases of sus-
pected instability.

Upsloping Lateral Sourcil

An upsloping lateral sourcil (ULS) is defined as a caudal-to-
cranial inclination of the middle to far lateral aspect of the
acetabular sourcil with loss of the normal lateral acetabular
concavity on an AP pelvis radiograph (Figure 2). Nearly
90% of patients with frank hip dysplasia were found to have
a ULS in a study conducted by Wong et al.>” Similarly,
3 times as many patients with BHD were found to also have
a ULS compared with those with normal acetabular
coverage.
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Sharp’s Angle

Although less commonly used, another measurement of
acetabular inclination is Sharp’s angle.** This angle pro-
vides an estimate of total acetabular inclination. This angle
is formed with the vertex at the distal point of the
acetabular teardrop and one arm in line with the trans-
verse pelvic axis and the other arm extending out to the
superolateral rim of the acetabulum. A Sharp’s angle
>45° is associated with acetabular dysplasia.

Acetabular Version

Acetabular version is associated with hip pathology, with
anteversion strongly correlated to developmental dysplasia
and retroversion traditionally correlated to pincer-type
FAI. However, it is instrumental to understand that the
acetabular version, whether assessed on radiograph or
CT, is essentially an indication of the relationship between
the anterior and posterior walls. The version cannot cap-
ture the volume of the socket and, as a result, can give an
inaccurate representation in cases of abnormal acetabular
volume such as in dysplasia or global overcoverage. A com-
mon example is misinterpreted retroversion in a hypovole-
mic socket because of a deficient posterior wall/coverage
rather than anterior overcoverage. Numerous parameters
have been proposed to determine acetabular version on AP
pelvis radiographs. Importantly, pelvic tilt has been shown
to significantly impact acetabular version on radiographic
imaging. An increase in (more positive) pelvic tilt will
reduce acetabular version, and a decreased (or negative)
pelvic tilt may falsely elevate acetabular anteversion.

Neck Axis Distance

Neck axis distance is measured on the AP pelvis radiograph
by first drawing a line (line V) down the axis of the femoral
neck that bisects the center of a best-fit circle about the
femoral head. The distance between the anterior wall and
the posterior wall along line N is then measured. A measure-
ment >14 mm is associated with excessive anteversion.?2

Shenton Line

The Shenton line is a commonly used qualitative radio-
graphic marker of acetabular dysplasia.®® It is defined as
an unbroken arch formed by the top of the obturator fora-
men and the inner side of the femoral neck. The Shenton
line is determined to be broken, suggesting superolateral
hip subluxation, if the inferior femoral neck projection is
cephalad to the superior arch of the obturator foramen. A
break in the Shenton line is indicative of more severe forms
of acetabular dysplasia with a superolateral hip center,
whereas a continuous line does not exclude an unstable hip.

Joint-Space Width

Joint-space width (JSW) is defined as the distance between
the bony contour of the acetabular rim and femoral head in 2
locations on the AP radiograph: the lateral JSW is measured
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at the lateral sourcil as a continuous line from the outer
ilium cortical lip, and the medial JSW is measured at a point
halfway between the lateral and medial sourcil borders. The
average JSW in a prearthritic hip is between 4 and 4.5 mm.?2
However, significant variability in normal JSW exists.?” A
study by Lequesne et al>” showed that JSW varied from 3 to
8 mm at the superolateral edge and from 2 to 6 mm at the
superomedial edge. Furthermore, up to 5.9% of healthy indi-
viduals in this study demonstrated right to left asymmetry of
JSW. Frankly dysplastic and borderline dysplastic hips have
higher JSW than normal and pincer-shaped hips.?2 In a
study by Kraeutler et al,? the lateral JSWs in hips with
frank dysplasia were 5.0 and 4.8 mm in BHD compared with
4.5 mm in hips with normal acetabular coverage and 4.3 mm
in pincer-type hips.

lliofemoral Line

The iliofemoral line is defined as the smooth line extending
from the apex of the concavity of the lateral femoral neck
through the inner cortical lip of the ilium on an AP pelvis
radiograph.?! The percentage medialization of the iliofe-
moral line is defined as the horizontal distance of the
exposed femoral head lateral to the iliofemoral line relative
to the horizontal femoral head width at the center of the
femoral head. Values of percent medialization exceeding
22% represent frank hip dysplasia, while those between
15% and 22% equate with borderline dysplasia.?!

Femoral Head Extrusion Index

A more complex, but very useful, quantification of acetabular
coverage is called the femoral head extrusion index and is
the percentage of the femoral head not covered by the
acetabulum.'® This percentage is calculated by measuring
the width of the femoral head that lies lateral to the lateral
extent of the acetabulum (A), dividing it by the total horizon-
tal width of the covered femoral head (B), and multiplying
the quotient by 100 ([A/B] x 100). A normal hip was defined
as having an extrusion index of <25%. Similar to this mea-
surement is “femoral head coverage,” which measures the
distance between the medial cortex of the femoral head and
the lateral acetabular rim divided by the diameter of the
femoral head. In this calculation, a value <75% is pathologic
and indicates undercoverage or potential dysplasia. Of note,
this parameter does not take into account the morphology of
the sourcil; hence, a normal index may be measured,
although an incongruous sourcil may represent continued
instability.

CIiff Sign

In order to assess for the presence of a cliff sign, a perfect circle
is created around the femoral head on an AP pelvis radio-
graph, and if the lateral femoral head does not completely fill
the perfect circle, this is considered a positive cliff sign.?® In
the study by Packer et al*® describing this parameter, a pos-
itive cliff sign was associated with microinstability of the hip
joint, which was defined by intraoperative findings of either
minimal traction required to distract the hip, lack of hip
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FEAR = 10°

Figure 3. Femoroepiphyseal acetabular roof (FEAR) index.
A laterally directed angle represents a positive FEAR index,
with an angle >5° at higher risk of instability.

reduction after release of negative intra-articular pressure, or
straight anterior or straight lateral labral tears.®® Similar to
many other parameters, note should be made that a positive
cliff sign can exist in patients without instability.

Femoroepiphyseal Acetabular Roof Index

The femoroepiphyseal acetabular roof (FEAR) index is mea-
sured by drawing a straight line along the central portion of
the femoral head physeal scar (Figure 3).%® A second line is
drawn from the most medial to lateral portions of the
sclerosis of the sourcil. A positive FEAR index is indicated
by a laterally directed angle. A FEAR index of <5° repre-
sents a stable hip in patients with borderline dysplasia.

Acetabular Quotient

The acetabular quotient assesses the relationship of the
depth of the acetabulum to its width. It is determined by
dividing the width of the acetabulum, measured as the dis-
tance from inferior teardrop to the lateral rim, by the depth
of the acetabulum, measured from a perpendicular line
starting at the midpoint of the width line to the acetabular
dome. This value is then multiplied by 1000.26 A value <250
denotes an abnormally shallow hip socket, consistent with
hip dysplasia. This quotient is a modification of the
Heyman and Herndon® acetabular index of depth to width.

Femoral Neck-Shaft Angle

The femoral neck-shaft angle (NSA) depicts where in
the coronal plane the femoral head lies in relation to the
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anatomic axis of the femur. The angle’s apex lies at the
intertrochanteric line and is at the intersection of a line
going down the intramedullary canal of the femur and a
second line parallel to the neck of the proximal femur. A
normal NSA is between 120° and 140°. An NSA >140° is
referred to as coxa valga, and <120° is termed coxa
vara.1%4150 Coxa valga and increased external femoral
torsion (anteversion), which will often present itself on an
AP pelvis radiograph as coxa valga, are found in higher
frequency in patients with hip dysplasia.”® In contrast,
coxa vara is more commonly associated with FAL.31!
Similar to assessing the quality of the radiograph before
measuring acetabular parameters, it is important to ensure
that the feet have been internally rotated for correct
measurement of the NSA to avoid overestimation.

Alpha Angle

On an AP pelvis radiograph, the alpha angle is measured by
making a circle collinear with the curvature of the femoral
head. The apex of the angle is at the center of the femoral
head (circle center) with one arm going down the shaft of
the femoral neck and the other arm extending to the loca-
tion where the femoral head-neck junction breaks the cir-
cle. An alpha angle measurement >50° to 55° is indicative
of abnormal head-neck contour indicating (lateral) cam-
type FALZ? An anterolateral or cam-type deformity at the
12-0’clock to 1-o’clock positions is often called a pistol-grip
deformity.3! To be noted, the most sensitive radiographic
view for identifying cam morphology is a 45° Dunn lateral
view, which suggests an anterolateral apex of deformity.*®
The importance of acknowledging a cam-type hip shape in a
patient with frank or borderline dysplasia is important. If a
cam lesion is not addressed during hip arthroscopy before
periacetabular osteotomy, it can result in impingement and
reduction in range of motion in a newly stabilized hip joint.
Along another vein, if a patient has BHD and a significant
cam lesion, then the surgeon must consider if the cam
lesion or BHD is the main factor for the patient’s symptoms.

MRI/MRA PARAMETERS

MRA is the touchstone for imaging of the labrum and
cartilage within the hip joint. MRI is more sensitive at
identifying labral injury relative to chondral lesions.?*?!
Over the past 20 years, advances in magnetic resonance
technology have continued to increase the accuracy in
detecting intra-articular hip pathology.?®*® In addition to
detecting labral and cartilage injuries, MRI is also capable
at providing insight into the stability, or lack thereof, of the
dysplastic and BHD hip.

Labral Hypertrophy

It has been found in both MRA-based and arthroscopy-
based studies that labral length is inversely proportional
to lateral acetabular coverage.'? The average lateral labral
length in a normally covered hip (LCEA, 25.0°-39.9°) is
7.68 mm.'? Patients with borderline and frank dysplasia
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Figure 4. Everted labrum. This labral pathology is characterized by a labrum that sits on the capsular side of the acetabular rim, not
contacting the femoral head, and thereby providing no suction seal necessary for normal hip mechanics. (A) Arthroscopic image with
star demonstrating cartilage rim that is visible because labrum is everted. (B) Star in arthroscopic image demonstrates that with
traction off, the cartilage rim remains visible because the labrum is everted away from the femoral head, thus compromising the
suction seal. (C) Computed tomography shows upsloping lateral sourcil with blue arrow pointing to the superior rim where the labrum
is attached. (D) Coronal T2 fat-saturated magnetic resonance arthrography image demonstrates how an everted labrum can be
visualized as a blunted structure (as opposed to a normal triangular shape) that does not come into contact with the femoral head.

have mean labral lengths of 9.44 and 10.12 mm, respec-
tively.'? The theories behind labral hypertrophy in the
unstable hip include (1) adaptive hypertrophy in the setting
of increased shear forces within the joint or (2) incomplete
ossification of the cartilaginous acetabulum during hip
development.?® Interestingly, Kraeutler et al?® found that
the total osseolabral coverage remains statistically equiva-
lent between hips with normal acetabular coverage and
those with dysplasia due to the phenomenon of labral
hypertrophy.

Femoroacetabular Cartilage Hypertrophy

Similar to labral hypertrophy, evaluation of cartilage thick-
ness on MRA has also shown evidence of increased thick-
ness with lower acetabular coverage. In addition to noting
that the lateral sourcil cartilage thickness was significantly
greater than the middle sourcil and fovea thickness,
Ashwell et al® also found that lateral cartilage thickness
increased as LCEA decreased. The average cartilage

thickness in normally covered hips (LCEA, 25.0°-39.9°) was
3.20 mm compared with 3.68 mm in BHD and 4.33 mm in
frankly dysplastic hips. Counter to this, though, is that
female sex yields a reduction in cartilage thickness relative
to the male counterpart.! The hypothesis for this phenom-
enon is also thought to result from a compensatory mecha-
nism for increased focal loads and shear stress.’

Everted Labrum

Counter to labral hypertrophy, an everted labrum may also
be present in BHD and frank hip dysplasia. This labral
pathology is characterized by a labrum that sits on the
capsular side of the acetabular rim, not contacting the fem-
oral head, and thereby providing no suction seal for normal
hip mechanics (Figure 4).5* Vogel et al®* found that 36.8% of
everted labrum cases were in patients with an LCEA <25°.
An everted labrum was found to sit off the femoral head by
a mean of 1.4 mm on coronal MRI/MRA in the anterior-
superior quadrant, was significantly shorter compared
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Figure 5. Cartilage delamination. The pattern of cartilage damage varies by osseous pathology. (A) Cartilage delaminates from the
outside-in with cam-type femoroacetabular impingement, whereas in cases of instability, the damage occurs from inside-out. In
some cases, magnetic resonance imaging/magnetic resonance arthrography (MRA) will show the pattern of delamination, assist-
ing in the diagnoses. (B) Coronal T2 fat-saturated MRA image demonstrates outside-in chondral delamination.

with control hips, and was more often blunted than trian-
gular in appearance.

Fovea Alta

Another MRI measurement associated with hip dysplasia is
fovea alta (delta angle, <10°).* This is measured on an MRI/
MRA coronal slice in which both the acetabular sourcil and
fovea capitis are best visualized. The delta angle is then
made with the vertex at the center of the femoral head, one
arm going to the medial aspect of the sourcil and the other
arm going to the superior aspect of the fovea capitis. A
negative delta angle is made when the superior edge of the
fovea capitis is lateral to the medial-most aspect of the
sourcil. Beltran et al* found a delta angle of <10° (fovea
alta) to have a high specificity for hip dysplasia. Similarly,
the mean delta angle in dysplastic hips in this study was
3.4° compared with 21.7° in normal hips. Interestingly,
there was no significant difference in delta angle between
BHD and normal hips.

Cartilage Delamination

MRI is known to underestimate cartilage delamination.®2%

Intra-articular injection of contrast improves the diagnostic
accuracy of cartilage lesions compared with conventional MRI
but remains reduced relative to labral pathology diagnoses.*’
The reason why cartilage delamination and other chondral
damage is not accurately diagnosed on magnetic resonance
imaging is thought to be because of the compressive force
between the femoral head and acetabular cartilage layers.
This has been demonstrated in the improved performance of
MRA in diagnosing chondral lesions when done under trac-
tion.*2 However, in some cases of standard MR/MRA, syno-
vial fluid or the contrast agent does demonstrate cartilage
delamination. The pattern of delamination can differentiate
between the “outside-in” chondral flap associated with FAI

and the “inside-out” delamination seen with instability (Fig-
ure 5).2*

Anterior Acetabular Bone Cysts

Subchondral bone cysts are found to initially develop in the
anterior portion of the acetabulum in patients with hip dys-
plasia.l” In patients with dysplasia, these cysts may be
assumed to communicate directly with the joint space,!”
even if an intra-articular breach is not clearly visible. With
progression of osteoarthritis, an additional finding of sub-
chondral edema localized anteriorly in dysplastic hips can
also be appreciated on MRI.??

CT PARAMETERS

CT gives the treating hip preservation specialist the most
detailed understanding of the bony 3-dimensional pathol-
ogy of a patient’s hip. It is with CT that objective measure-
ments of a patient’s acetabular version and femoral torsion
can be made accurately. There exist multiple methods of
measuring these parameters and others on CT, making
standardization of patient positioning in the scanner and
knowledge of the measurement techniques employed para-
mount in analyzing this imaging modality.

Acetabular Version

Acetabular version is the orientation of the socket relative
to the sagittal plane, representing the relationships
between the anterior and posterior walls (Figure 6A). Spe-
cifically, on axial images it is the angle between a perpen-
dicular line from the horizontal axis of the posterior
acetabuli and a line between the posterior and anterior rim
of the acetabulum. When measuring at the level of the mid-
femoral heads, this produces the global version of the
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Figure 6. “Too much head sign.” (C) Frank anterior instability can be visualized on 3-dimensional computed tomography recon-
struction by visualization of the fovea capitis, with the dotted line demonstrating visualization of the entire anterior femoral head not
being contained within the bony acetabulum. This is because of (A) acetabular anteversion or (B) femoral antetorsion, and usually a

combination of both.

acetabulum (otherwise considered the version at 3 o’clock).
Normal acetabular version at this level is considered 15° to
20°. Anteversion >25° indicates anterior undercoverage
and may result in anterior hip instability.*® Acetabular ret-
roversion can be indicative of posterior-superior under-
coverage, which is associated with hip instability, or
anterior overcoverage, which is representative of hip
impingement.?” Increased posterior pelvic tilt (which is
demonstrated when the distance between the coccyx and
symphysis is reduced) will magnify acetabular anteversion
and needs to be considered in patient positioning for CT.%3°

Femoral Neck-Shaft Angle

On CT, the femoral NSA is measured in the midcoronal
image when the center of the femoral head is found by using
alocalizer line on the axial images. A normal NSA is between
120° and 140°. A femoral NSA >140° is indicative of coxa
valga and can be associated with adverse outcomes after hip
arthroscopy given its association with hip dysplasia.??

Femoral Torsion

Femoral torsion is a projected angular measurement that
incorporates the femoral neck inclination and femoral shaft
rotation (Figure 6B). There are a variety of described meth-
ods for making femoral torsion measurements, but all
require including slices of the proximal and distal femur
on CT such that they can be superimposed for angular mea-
surement. Schmaranzer et al*® performed a study showing
that femoral torsion values increase the more distal the
femoral neck axis is measured, with up to a 17° difference
depending on the technique utilized. Fortunately, all meth-
ods have high intraobserver and interobserver agree-
ment,'® although it is important to delineate which axial
sequence is used (axial-oblique vs standard axial), as mea-
surements will differ between these 2 methods.!* Standard
values of normal femoral torsion range from 7° to 24°, with
some studies showing that women have a higher mean fem-
oral torsion than men.'* Regardless of technique used,
increased femoral antetorsion has been well described as



The Orthopaedic Journal of Sports Medicine

a source for hip instability whether in conjunction with
acetabular dysplasia or as a singular diagnosis.®*®

Upsloping Lateral Sourcil

Similar to radiographs, ULS can be noted on CT in patients
with borderline or frank hip dysplasia (Figure 2, B and C).%*
The prevalence of the ULS increases with the degree of
undercoverage as defined by LCEA.%3 It is also found more
frequently in patients with joint hypermobility. As such, it
can be a useful adjunct to determining the presence and
amount of instability, especially in patients evaluated with
microinstability and BHD.

Anterior Subchondral Cysts

Acetabular cysts usually form initially in the anterior ace-
tabulum in patients with dysplasia and then progress to
other areas of the joint with increasing severity of degen-
erative changes.'® While radiographs and MRI can reveal
the presence of subchondral cysts, CT provides greater
bony detail to allow for more accurate sizing and localiza-
tion of the cyst. Because of its higher resolution, it may also
locate the intra-articular breach. This is important as sub-
chondral cysts often require treatment in the form of cyst
decompression, microfracture, and/or bone grafting,
depending on their size.!® Of course, treatment of the
underlying pathology (ie, hip dysplasia and/or FAI) is par-
amount to prevent recurrence.

Too Much Head Sign

Frank anterior instability can be visualized on 3-dimen-
sional CT reconstruction by visualization of the fovea capi-
tis (Figure 6C). This is because of acetabular anteversion,
femoral antetorsion, and usually a combination of both to
produce the “too much head sign” (Figure 6, A and B). Care
must be taken that the position of the femur is standardized
when evaluating for this sign, as positioning can signifi-
cantly impact femoral torsion and anterior visualization
of the femoral head.?? Objectively, the summation of fem-
oral torsion and acetabular version (both previously
described) has been coined the COTAV (combined femoral
torsion—acetabular version) index.® A COTAV value >45° is
associated with anterior hip instability.

SUMMARY

Hip dysplasia is not a black-and-white diagnosis. As such,
hip preservation specialists need to be able to consider mul-
tiple factors from the patient’s history, examination, and
imaging to determine the best treatment plan. Valuable
initial information can be gleaned from a good AP pelvis
radiograph, but further detailed understanding of a
patient’s hip instability is established with advanced imag-
ing, namely MRI/MRA and CT. Especially in cases of micro-
instability and BHD, knowledge of the various imaging
findings that indicate the presence and severity of instabil-
ity is paramount in determining whether hip arthroscopy
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alone or in conjunction with a reorienting osteotomy is nec-
essary. Once a surgical plan has been decided, imaging is
integral in the planning and execution of treatment for
each hip. This review provides the salient signs and para-
meters found on radiograph, MRI/MRA, and CT imaging
that aid the hip preservation specialist in determining the
nature of each patient’s hip instability and thereby devel-
oping the best patient-specific surgical plan possible.
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