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Abstract

Objective To evaluate the prevalence of the ‘posterior crescent sign’ in symptomatic patients referred for MRI/MR arthro-
gram of the hip and identify any correlation with imaging features of joint pathology.

Materials and methods Retrospective imaging assessment of a cohort of 1462 hips, from 1380 included MR examinations (82
bilateral) retrieved from a search of all examinations in patients 16-50 years old from June 2018 to June 2021, with median
age 45.8 years (range 17.8-50.0) and 936 hips (64%) in women. Radiographic and MR findings related to hip dysplasia,
femoroacetabular impingement and osteoarthritis were assessed.

Results Fifty-one hips (3.5%) were positive for the posterior crescent sign, median age of 45.8 years (range 17.8-50.0) and 29
(58%) in women. Radiographic findings included the following: mean lateral centre edge angle (LCEA) 22.2° (+7.8°) with
LCEA <20°in 15 (31%) and LCEA 20-25° in 17 (35%) and mean acetabular index (AI) of 13.1° (+5.8°) with AI> 13° in
22 (45%). MR findings included the following: mean anterior acetabular sector angle (AASA) 54.3° (£ 9.8°), mean posterior
acetabular sector angle (PASA) 92.7° (£7.0°), labral tear at 3—4 o’clock in 20 (39%), high-grade acetabular chondral loss
in 42 (83%) and ligamentum teres abnormality in 20 (39%).

Conclusion The posterior crescent sign occurs in 3.5% of symptomatic young and middle-aged adults on MR. It is associated
with overt and borderline hip dysplasia and other findings of hip instability. It is also associated with osteoarthritis in some
cases and should be interpreted with caution in these patients.
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Introduction

Although historically considered a highly-constrained and

inherently stable joint, the hip is more biomechanically com-

plex and dynamic than previously assumed [1-3]. Instability
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tis through excessive loading and shear stress [4]. There is
now increasing recognition that minute instability of the hip
is detectable and clinically significant and is postulated to
lead to premature osteoarthritis [1, 5, 6], including in cases
of ‘borderline’ hip dysplasia [4] and the recently-described
clinical entity of hip microinstability [7], particularly in the
young and athletic population. It is also identified as a com-
plication of hip arthroscopy related primarily to capsular
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The accurate detection of hip instability is important,
especially in symptomatic hips with both ‘borderline’ hip
dysplasia and possible femoroacetabular impingement where
an ‘unstable’ hip is typically managed with periacetabular
osteotomy but a ‘stable’ hip is typically managed with cor-
rection of the impinging morphology [9]. The accurate diag-
nosis of hip microinstability allows for that condition to be
optimally managed, including with appropriate hip preser-
vation surgery. Currently, there are no objective diagnostic
criteria for hip instability, with it being a composite diag-
nosis of clinical, imaging and intra-operative findings [10,
11]. Multiple imaging features have been proposed, mostly
indirect signs such as labral hypertrophy, iliocapsularis
hypertrophy or anterior joint capsule thinning [12].

The ‘posterior crescent sign’, referring to a crescent-
shaped accumulation of fluid in the posteroinferior joint
space on MRI (see Fig. 1) or MR arthrography (see Fig. 2),
has been proposed as a diagnostic imaging feature [4, 5],
even described as a ‘parameter proving hip instability’ [4]. It
theoretically directly demonstrates the anterior translation of
the femoral head within the acetabulum. The sign however
could conceivably represent joint surface incongruity and
may be a finding in normal hips. Very little primary research
has investigated this finding.

The purpose of this study was to evaluate the prevalence
of this sign in symptomatic adult patients referred for MR
imaging of the hip and identify any correlation with imaging
features of joint pathology specifically related to hip dyspla-
sia. In addition, a novel MR imaging sequence in which the
hip is imaged in the flexion, abduction and external rotation
(FABER) position [12, 13] as an adjunct for the investigation

Fig.1 Axial-oblique PD-weighted fat-suppressed (SPAIR) conven-
tional MRI showing a posterior crescent sign (white arrows) in the
hip of a 32-year-old woman
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Fig.2 Axial-oblique T1-weighted fat-suppressed (SPAIR) MR
arthrogram showing a posterior crescent sign (white arrows) in the
hip of a 48-year-old woman

of instability has been introduced, and examinations with
this technique were assessed to evaluate its diagnostic role
in an early cohort.

Materials and methods
Patient cohort

An electronic search of the PACS was performed for all MRI
and MR arthrogram examinations of the hip performed at
Auckland Radiology Group (ARG) in Auckland, New Zea-
land, in patients 16 to 50 years old over the 3 years between
1st June 2018, and 30th June 2021. Limited clinical infor-
mation provided in the referral was available for review;
however, the patient’s clinical records beyond this were not
accessed. All examinations were performed for symptoms
attributed to the hip joint or the hip region, predominantly
pain. A total of 1497 examinations were retrieved. One hun-
dred seventeen (8%) were excluded for the following rea-
sons: duplicate examinations (n=45), no small field of view
imaging of the hip (n=43), prior periacetabular osteotomy
(n=38), prior arthroplasty (n=38), deformity related to osse-
ous disease including osteonecrosis with femoral head col-
lapse, Perthes disease, slipped upper femoral epiphysis or
erosive arthropathy (n=13). Ethics approval for this study
was granted by the national review board (New Zealand
Health and Disability Ethics Committees) under Ethics Ref
21/NTB/153, 21st June 2021, which includes a waiver of
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the requirement for informed consent for the retrospective
use of health data.

A total of 1380 MR examinations were included, derived
from 1357 patients, generating a study cohort of 1462 hips
(including 82 bilateral examinations and 23 patients with
both hips imaged separately). A total of 1227 (83%) hips
were imaged by conventional MRI (non-arthrogram), and
235 (16%) hips were imaged by MR arthrogram. Of the 1462
imaged hips, 936 (64%) were in women.

Image analysis

All MR examinations were reviewed by a single observer
(AM, 3rd-year radiology resident) for the presence of the
posterior crescent sign, defined as a crescent of high T2/
fluid or intra-articular contrast signal in the posterior joint
space at the level of the femoral head centre separating the
cartilage surfaces of the femoral head and acetabulum on
at least two planes. Windowing was performed to improve
the differentiation of fluid/contrast signal and cartilage. All
equivocal cases were reviewed together with a second author
(RW, consultant radiologist with 20 years of experience in
musculoskeletal radiology) and a consensus decision was
reached.

All hips positive for the posterior crescent sign proceeded
to a detailed retrospective hip imaging assessment to char-
acterise the morphology and other imaging findings. Radio-
graphs of the hip were also assessed if available within 1 year
of the MR examination. The morphological parameters

assessed on radiograph and MR are listed in Table 1 and
were measured according to Beltran et al. [14] and Haefeli
et al. [15] for iliocapsularis:rectus femoris (IC:RF) ratios.
In cases where the femoral condyles were included on the
MR examination, femoral torsion was measured according
to Mascarenhas et al. [16] using the Reikeras technique. On
a radiograph, other imaging findings assessed included the
disruption of Shenton’s line, posterior wall sign (considered
positive if the posterior acetabular rim was projected medial
to the femoral head centre), crossover sign, cam deform-
ity of the femoral head-neck junction, osteophytes and joint
space narrowing (superior joint space <2 mm). On MR,
other imaging findings assessed included cranial acetabu-
lar retroversion (present or absent), cam deformity, osteo-
phytes, high-grade chondral loss (grades 3 or 4 of modified
Outerbridge classification of chondral lesions), subchondral
change, labral hypertrophy (labral dimension 12 mm from
base to apex at any point), labral tear (any discrete or linear
high T2 signal or contrast signal within the labral substance
or chondrolabral junction) and ligamentum teres abnormal-
ity (including fraying, thickening, attenuation, partial tear or
complete tear). All imaging assessment was performed by
a single observer (AM). To ensure accuracy, 15 hips (30%)
were also assessed by a second observer (RW) for interob-
server consistency analysis.

Morphologic parameters were compared to normal
ranges in the published literature, included in Table 1.
Upper and/or lower thresholds were selected for the cat-
egorisation of abnormal cases, also included in Table 1,

Table 1 Morphological parameters (radiographic and MR) for all cases positive for the posterior crescent sign on hip MRI/MR arthrogram

(n=>51 hips)
Modality Morphological Results Reference values from published litera-
parameter ture (for comparison to normal)
Mean Range Number of abnormal hips  Normal range Threshold for abnor-
(above/below threshold for mality
abnormality)
Radiograph (n=49) LCEA (°) 222 (£7.8) 2.2-40.7 <20°: 15 (31%) 18-48 [16] Decreased: <20° [14]
20-25°: 17 (35%)
Al (®) 13.1 (£5.8) 1.3-263  >13°:23 (47%) —7t015[16] Increased:>13°[14]
MRI (n=51) HASA (°) 146.9 (+12.4) 122.8-180.7 <140°: 16 (31%) 146-190 [17] Decreased: < 140° [14]
AASA (°) 54.3 (+9.8) 28.3-77.7 <50°:16 (31%) 51-75[17] Decreased: <50° [14]
PASA (°) 92.7 (+7.0) 77.5-113.4 <90°: 17 (33%) 90-120 [17]  Decreased: <90° [14]
Acetabular version (°) 19.2 (+5.6) 5.0-30.0 >25°8(16%) 7-33 [16] Decreased: < 10° ¥
<10°: 4 (8%) Increased: >25°
Femoral torsion (°) 222 (x11.4) 5.4-43.5  >20°9 (64%) N/A Increased: >25°
(n=14 only) <5°0(0%) Decreased: <5° T
COTAV Index (°) 41.3(x=15.9) 15.5-64.1 >45°:6(43%) N/A Increased: >45° [18]
(n=14 only) <20° 1 (7%) Decreased: <20° [18]
IC:RF width ratio 1.26 (£0.31) 0.31-1.99 >1.0:42 (82%) 0.7-1.5[15]  Increased:>1.0 [15]
IC:RF thickness ratio  1.00 (£0.32) 0.49-2.07 >1.0:22 (43%) 0.5-1.6 [15]  Increased:>1.0[15]

"Thresholds for diagnostic usage not widely published
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based on thresholds reported in the literature or in com-
mon clinical usage, with the acknowledgement that there is
no universal consensus in the determination or application
of these thresholds [16]. Hip dysplasia is variably defined
in the literature based on one or more morphological cri-
teria: lateral centre edge angle (LCEA) <20°, acetabular
index (AI) (aka Tonnis angle) > 13°, anterior acetabular
sector angle (AASA) < 50° and posterior acetabular sector
angle (PASA) <90° [14], with LCEA of 20-25° commonly
used to denote ‘borderline’ hip dysplasia and decreased
AASA and PASA angles corresponding to the undercover-
age of the femoral head anteriorly and posteriorly respec-
tively [14].

Imaging protocols

All MR examinations were performed on a 3 T MRI system,
either a Siemens system including Magnetom Vida, Lumina
or Skyra products (Siemens Medical Solutions, Erlangen,
Germany) or a Philips Ingenia Elition (Koninklijke Philips
N.V., Amsterdam, the Netherlands). All examinations were
performed in the standard supine relaxed-leg position. Stand-
ard MR sequences obtained for conventional MRI included
the following: coronal T1-weighted fat-suppressed sequence
and T2-weighted fat-suppressed sequence through the
whole pelvis (FOV 370-375 mm, slice thickness 4.0 mm);
axial T1, axial T2 fat-suppressed and sagittal/coronal/axial
oblique PD fat-suppressed sequences through the hip joint
(FOV 160-180 mm, slice thickness 3.5 mm); and plus radial
PD sequence through the hip joint (FOV 140-200 mm, slice
thickness 3.0 mm). MR arthrogram examinations were per-
formed following intra-articular injection under fluoroscopic
guidance of 7-10 mL solution containing iodinated contrast
agent (Iohexol 300 mg/mL as Omnipaque300; GE Health-
care, Chicago IL, USA), gadolinium-based MR contrast
agent (gadodiamide 287 mg/mL as Omniscan; GE Health-
care, Chicago IL, USA) and local anaesthetic (ropivacaine
hydrochloride 7.5 mg/mL as Naropin 0.75%; Aspen Phar-
macare, St Leonards, Australia). Standard MR sequences
obtained for MR arthrogram included the following: coro-
nal T2 and coronal T2 fat-suppressed sequences through the
whole pelvis (FOV 375 mm, slice thickness 4.0 mm); axial
T1, axial T2 fat-suppressed, sagittal PD and coronal/axial
oblique T1 fat-suppressed sequences through the hip joint
(FOV 160-180 mm, slice thickness 3.5 mm); and plus radial
PD sequence through the hip joint (FOV 140-200 mm,
slice thickness 3.0 mm). In selected patients, a T1 sequence
through the femoral condyles (FOV 180 mm, slice thickness
4.0 mm) was performed for the measurement of femoral tor-
sion. All radiographs were performed by digital radiography
and included an AP projection of the whole pelvis and a
lateral projection of the hip.
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Additional analysis

Thirty-one MR examinations included additional imag-
ing of the hip in the FABER position, derived from 27
patients (including 4 patients with both hips imaged sepa-
rately), generating a subgroup of 31 hips. All (100%) were
women. These examinations were identified when encoun-
tered during a sequential review of the images of the full
study cohort. Additional FABER imaging was typically
performed in young female patients and more commonly
when referred by surgeons with experience in hip preserva-
tion surgery or when referred with a clinical question of hip
microinstability. Of these, 6 (19%) were conventional MRI
(non-arthrogram), and 25 (81%) were MR arthrogram. Cases
positive for the posterior crescent sign (in any hip position)
proceeded to a detailed retrospective hip imaging assessment
in the same manner as above.

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics on Windows PC (version 26; IBM, Armonk NY,
USA). Quantitative measurements are reported as mean
(+ standard deviation) and range, with the distribution of
measurements assessed to confirm conformity to normal
distribution. Normal ranges are reported as 2.5-97.5th per-
centile. Interobserver agreement was assessed using Cohen’s
kappa coefficient for categorical data and intraclass corre-
lation coefficient for quantitative data (mean rating, abso-
lute-agreement, two-way, mixed-effects model). Subgroup
comparison of quantitative data was performed using Stu-
dent’s T-test (two-sample, two-tail 7T-test, assuming equal
variances). A p-value of <0.05 was considered statistically
significant.

Results

Fifty-one of 1462 hips (3.5%) had a positive finding of a
posterior crescent sign: 44 of 1227 (3.6%) on conventional
MRI (non-arthrogram) and 7 of 235 (3.0%) on MR arthro-
gram. These hips were in 50 patients (one patient bilater-
ally), median age of 45.8 (range 17.8-50.0 years), with 29
hips (57%) in women. Of these, 49 hips (96%) had preced-
ing radiographs for review. Morphologic parameters of all
assessed hips are summarised in Table 1.

Hips positive for the posterior crescent sign exhibited
a significant rate of overt or borderline hip dysplasia. Of
the four criteria for diagnosing hip dysplasia (LCEA <20°,
Al>13° AASA <50° PASA <90°), 35 hips (71%) met 1
or more criteria, 20 hips (41%) met 2 or more criteria, 12
hips (24%) met 3 or more criteria, and 4 hips (8%) met all
4 criteria. Using LCEA alone, 15 hips (31%) were overtly
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dysplastic (LCEA <20°), and 17 hips (35%) were borderline
dysplastic (LCEA 20-25°). All hips with a LCEA <20° met
at least one other criteria for dysplasia, indicating an abnor-
mal LCEA did not occur in isolation. Sixteen hips (33%) on
radiograph had an LCEA >?20° (considered ‘non-dysplastic’
by LCEA alone), but on MR had either an AASA <50° or
PASA <90°.

An additional finding of interest is that 27 hips (55%) had
a positive posterior wall sign on the radiograph, of which
only 13 (48%) had a PASA <90° on MR. This gives the pos-
terior wall sign a sensitivity of 76.5% (95% CI: 50.1-93.2%),
specificity of 56.3% (95% CI: 37.7-73.6%), positive pre-
dictive value of 48.2% (95% CI: 36.7 — 59.9%) and nega-
tive predictive value of 81.8% (95% CI: 64.4-92.8%) for
the prediction of posterior wall deficiency as defined by a
PASA <90° on MRI. Additionally, 4 hips (8%) had a dis-
rupted Shenton’s line on the radiograph, 3 of which had
severely reduced LCEA (range 2.2-13.8°), and the remain-
ing one had a borderline LCEA of 20.9°.

Some hips with the posterior crescent sign showed degen-
erative changes (see Fig. 3). On a radiograph, 22 hips (45%)
had superior joint space narrowing, 20 hips (41%) had fem-
oral osteophytes and 14 hips (29%) had acetabular osteo-
phytes. On MR, 27 hips (53%) had femoral osteophytes,
and 17 hips (33%) had acetabular osteophytes, with 14 hips
(28%) having both. On MR, 42 hips (83%) had high-grade
acetabular cartilage loss of any size, and 17 hips (33%) had

Fig.3 PD-weighted fat-sup-
pressed (SPAIR) conventional
MRI axial-oblique (a) and
sagittal (b) images showing a
posterior crescent sign (white
arrows) in a 24-year-old man
with concomitant advanced
degenerative change including
high-grade chondral loss of the
acetabular and femoral surfaces
anterosuperiorly (white-outlined
arrows) and prominent femoral
head marginal osteophytes

high-grade femoral head cartilage loss (see Table 2). A sub-
group comparison of hips with the posterior crescent sign
between those with high-grade acetabular chondral loss
involving an area of >20 mm (n=10) and those without
(n=41), with no significant difference in morphological
parameters between these groups (p >0.17 for all). Of note,
of the 22 hips with superior joint space narrowing on the
radiograph, 18 of these (82%) had > 10 mm of high-grade
chondral loss on the acetabular or femoral surfaces or both.

In relation to impingement morphology, 20 hips (39%)
demonstrated cam deformity of the femoral head-neck junc-
tion on MR. On radiographs, 6 hips (12%) demonstrated a
positive cross-over sign. Only 14 hips (28%) included MR
imaging of the femoral condyles for measurement of femoral
torsion and combined femoral torsion and acetabular version
(COTAYV) index (see Table 1).

In relation to the other soft tissue structures of the hip,
49 hips (96%) had a labral tear at any location with 20 hips
(39%) having a labral tear anteriorly located at or extending
into the 3—4 o’clock location. Nineteen hips (37%) had labral
hypertrophy. Twenty hips (39%) had an abnormality of the
ligamentum teres, with 5 hips (10%) having a complete tear.

Of the 31 hips with FABER imaging, 9 hips (29%) were
positive for the posterior crescent sign in any position (stand-
ard neutral or FABER). Of these, 8 hips (89%) were posi-
tive only in the FABER position (negative in the standard
neutral position) (see Fig. 4). These hips with the posterior

Table2 MR findings of

L. Imaging finding Acetabular surface Femoral surface
chondral loss for cases positive
for the posterior crescent sign Finding Size of largest lesion
on hip MRI/MR arthrogram
(n=51 hips) High-grade chondral loss None 9 (18%) 34 (67%)
(grade 3 or 4) <10 mm 13 (25%) 3(6%)
10-20 mm 19 37%) 11 (22%)
>20 mm 10 (20%) 3 (6%)
Subchondral change N/A 26 (51%) 10 20%)

@ Springer



Skeletal Radiology

Fig.4 T1-weighted fat-sup-
pressed (SPAIR) MR arthro-
gram axial-oblique image with
hip in neutral position (a) and
axial image with hip in FABER
position (b) in a 19-year-old
woman, showing the poste-
rior crescent sign only in the
FABER position (white arrow)

crescent sign in any position were in patients with a median
age of 36.5 years (range 19.6-50.0), all (100%) women.
Morphologic parameters of these 9 hips included the fol-
lowing: mean LCEA 25.7° (£ 11.4°), Al 9.3° (x11.4°),
AASA 55.0° (£7.2°), PASA 94.7° (£6.1°), acetabular
version 19.1° (£4.2°) and femoral torsion 21.9° (£ 8.1°).
Other imaging findings included the following: 4 hips (44%)
had a labral tear anteriorly at 3—4 o’clock, 0 hips (0%) had
labral hypertrophy, and 0 hips (0%) had an abnormality of
the ligamentum teres. Only 1 hip (11%) had any findings of
significant degenerative change (with <20 mm high-grade
chondral loss on both acetabular and femoral head surfaces).

Interobserver consistency of imaging findings in the 30%
of cases assessed by both reviewers was satisfactory. All
quantitative measurements had an intraclass correlation
coefficient of > 0.87 (almost perfect agreement) and cate-
gorical findings had a kappa coefficient of > 0.70 (substantial
agreement), with the exception of IC:RF thickness ratio with
an intraclass correlation coefficient of 0.55. The latter is con-
sistent with prior research indicating that IC:RF ratios have
variable inter-observer reliability and are highly dependent
on the slice selection on axial images [19].

Discussion

This study is the first to examine the prevalence of the poste-
rior crescent sign in the symptomatic population undergoing
MR imaging of the hip. We found the posterior crescent
sign present in 3.5% of adults under 50 years of age irre-
spective of symptomatology or diagnostic question. This
indicates that the posterior crescent sign is an uncommon,
although not exceedingly rare, imaging finding and may be
overlooked if not considered.

This study is the largest to date and provides the most
comprehensive description of the radiographic and MR
imaging features of hips with a posterior crescent sign. Only
two other scientific studies have specifically assessed the
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posterior crescent sign: Zurmiihle et al. 2021 [20], a retro-
spective study of pre-operative MR arthrogram in 56 dys-
plastic hips versus 70 hips with femoroacetabular impinge-
ment, and Sonoda and Hara 2022 [21], a retrospective
study of 72 dysplastic hips without advanced radiographic
osteoarthritis versus 12 control hips undergoing unrelated
screening. The former study estimated the posterior cres-
cent sign to have a sensitivity of 73% and specificity of 93%
for detecting hip joint instability, concluding that the sign
‘supports the possibility of instability as the predominant
pathology’ and has high specificity. The latter study found
the prevalence of the posterior crescent sign in hips with
symptomatic dysplasia group to be extremely high at 92%,
versus 9% in hips with asymptomatic dysplasia and 0% in
the small sample of normal controls. Both studies relied
on two-dimensional radiographic measurements, primarily
LCEA, for the diagnosis of dysplasia and neither assessed
important soft tissue structures such as articular cartilage or
the ligamentum teres.

In our cohort, the posterior crescent sign is associated
with high rates of overt and borderline hip dysplasia, with
31% overtly dysplastic and 35% borderline dysplastic as
determined by LCEA on radiograph alone and 73% dysplas-
tic by broader three-dimensional morphological criteria on
radiograph and MR. Whilst this study cannot determine the
causality of the posterior crescent sign, the high prevalence
of dysplasia in our cohort is informative. Hip joint instabil-
ity is known to be an important pathophysiological process
in the dysfunction and eventual development of early-onset
osteoarthritis in hip dysplasia. We contend that our data is
supportive of the posterior crescent sign being an indicator
of hip joint instability by virtue of the high prevalence of
dysplastic morphology.

Of note, it is increasingly recognised that hip dysplasia
is a complex three-dimensional deformity of the acetabu-
lum, with anterior, posterior and superolateral (or global)
subtypes of dysplasia described, which are inadequately
assessed on radiographic assessment and underestimated
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using LCEA alone [22, 23]. In our study, one-third of cases
of hip dysplasia related to anterior or posterior deficiency
would be missed using LCEA on a radiograph alone. This
is concordant with the three-dimensional morphologic study
by Nepple et al. [23] which reported rates of anterosuperior,
posterosuperior and global deficiency of 30%, 34% and 36%
respectively in patients with hip dysplasia managed surgi-
cally. Our study further supports the importance of a three-
dimensional assessment of acetabular morphology, ideally
using cross-sectional imaging, rather than relying solely on
two-dimensional measurements from a frontal radiograph
such as LCEA.

Furthermore, in this study, the posterior wall sign on
the radiograph had a positive predictive value of only 48%
for predicting posterior acetabular deficiency as defined by
PASA <90° on MR. This is concordant with findings of
other morphologic studies including that of Nepple et al.
[23] which concluded the posterior wall sign is not accurate.
The posterior wall sign is also known to be compromised by
pelvic rotation and tilt which are common on radiographs
performed in clinical practice [24]. The posterior wall sign
is used routinely in clinical practice for the determination of
posterior acetabular deficiency. This study however suggests
that the posterior wall sign should be interpreted carefully in
view of its low accuracy and only on high-quality properly
centred radiographs.

In our study cohort, the posterior crescent sign is asso-
ciated with a high rate of labral tears at or extending into
the 3—4 o’clock location, which is an otherwise uncommon
configuration for labral tears which are much more com-
monly seen at the 12 o’clock to 3 o’clock quadrant [25].
In one study by Shibata et al. [9], hip joint instability in
non-dysplastic hips was associated with a distinct pattern of
chondrolabral damage at a ‘straight anterior’ location of the
acetabulum at arthroscopy, corresponding to the 3—4 o’clock
position of the labrum on imaging. These findings are con-
cordant with the recent study by Sonoda and Hara [21] of
72 hips with dysplasia, which found that hips with a positive
posterior crescent sign had a high rate of anterior labral tears
(79% vs 25%, p <0.0001). This phenomenon is speculated
to result from biomechanical strain on the anterior hip joint
in anterior hip joint instability which is the most common
pattern of instability, although the precise pathophysiology
of this association and whether it is more cause or effect
remains unclear [26].

Although only a small subset of hips with the posterior
crescent sign could be assessed for femoral torsion, these
demonstrated a high rate of increased femoral antetorsion
(64%) with none having decreased femoral antetorsion.
Excessive femoral antetorsion, as well as increased acetab-
ular version, are reported to be risk factors for anterior hip
joint instability [7, 22, 27]. It is postulated that this configu-
ration directs femoral head forces anteriorly and may also be

associated with a posterior cam effect, leading to increased
biomechanical strain on the anterior stabilisers of the hip
joint including the anterior labrum, iliofemoral ligament and
iliopsoas tendon, ultimately resulting in anterior translation
of the femoral head. This may lead to symptoms suggesting
iliopsoas impingement; however, treatment with fractional
lengthening or tenotomy could exacerbate instability [28].

Abnormalities of the ligamentum teres, in the form of
a complete tear, partial tear or degenerative changes such
as thickening or fraying, are another finding reported to be
associated with hip joint instability [29], as well as poorer
outcomes following hip arthroscopy [30]. The rates of liga-
mentum teres abnormality in our cohort with the posterior
crescent sign (39% any abnormality, 10% complete tear) are
similar to rates reported in the small number of previously
published studies. In patients undergoing hip arthroscopy,
rates of a complete tear of up to 4% and partial tear of up
to 88% in patients have been reported [31], One study by
Mayes et al. [32] of 98 adults identified partial tears in 33%
of ballet dancers versus 18% of matched sportspeople (non-
dancers) and complete tears in 22% versus 4% respectively.
There is increasing recognition that the ligamentum teres
may have a role as a tertiary stabiliser of the hip joint, and
tears may contribute to hip joint instability [29]. However, it
is well documented that assessment of the ligamentum teres
on MR is challenging, especially for the accurate diagnosis
of partial tears [33, 34].

Hips with a posterior crescent sign demonstrated a high
rate of degenerative change, particularly high-grade chon-
dral loss. It is possible that advanced degenerative change
is a confounding factor. High-grade chondral loss causes
incongruity of the femoral and acetabular joint surfaces,
which may allow decentering of the femoral head within
the acetabulum and result in a ‘false-positive’ sign that is
not indicative of instability. This possibility has been rec-
ognised in studies such as Zurmiihle et al. [20] and Suter
et al. [26]. Our study assesses only hips with a positive
posterior crescent sign, without comparison to hips without
this sign, and is therefore unable to determine any relation-
ship between chondral loss and the finding of a posterior
crescent sign. It has also been observed that the femoral
head in otherwise normal hips sometimes appears flattened
posteriorly and could also yield a ‘false-positive’ posterior
crescent sign [20].

The underlying pathophysiology of the posterior cres-
cent sign remains to be determined. It is assumed that in
the absence of significant degenerative change or abnor-
mal morphology of the posterior surface of the femoral
head, the posterior crescent sign indicates subtle anterior
translation of the femoral head consistent with hip joint
instability. The state of the labrum in particular appears
to be an important factor in both joint stability and the
dynamics of fluid within the joint, as an intact labrum
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has been shown to have a vacuum-sealing effect which
resists distraction of the femoral head and also prevents
fluid accumulation in the central compartment [35]. A
joint effusion or the volume of intra-articular contrast
injected could conceivably also be variables in the fluid
pooling which produces the posterior crescent sign; how-
ever, these factors have not been considered in any prior
studies. Notably in our study, the prevalence of poste-
rior crescent sign was essentially the same between hips
imaged on conventional MRI (non-arthrogram) and MR
arthrogram, suggesting that intra-articular fluid volume
may not be a contributing factor.

Finally, this study is the first to report experience in
assessing the posterior crescent sign on the novel tech-
nique of MRI/MR arthrogram in the FABER position.
On imaging in the FABER position, 29% of hips were
positive for the posterior crescent sign compared to the
baseline prevalence of 3.5% on imaging in the stand-
ard neutral position; however, this is likely substantially
affected by selection bias. Although the subgroup num-
bers are very small, it is notable that all except one hip
(89%) were positive in the additional FABER position
and were negative in the standard neutral position. This
suggests that MR imaging in the FABER position may
elicit this sign in a patient where this would otherwise
be absent, although the diagnostic significance in this
scenario is unclear.

This study has several methodological limitations. It
is a retrospective study of imaging performed as part
of a routine clinical practice, and so there is inevita-
bly a degree of heterogeneity of imaging system, set-
tings/parameters and acceptable image quality. However,
although imaging was acquired from a range of MR sys-
tems, all were 3 T systems, and imaging was performed
according to well-established institutional protocols.
This study combines both conventional MRI and MR
arthrogram examinations. Although these are different
imaging techniques, in our cohort, the prevalence of the
posterior crescent sign was the same in both groups. As
an imaging-based study, it was not possible to reliably
correlate with symptomatology or clinical findings, as
clinical information was limited to the brief referral
information on the request form.

In conclusion, the posterior crescent sign is recognisable
on hip MR or MR arthrogram and is correlated with other
imaging findings of hip dysplasia and hip microinstabil-
ity. This supports the accepted understanding in much of
the orthopaedic literature that the posterior crescent sign
may be an independent finding of hip joint instability. It is
also associated with osteoarthritis where it may be a ‘false-
positive’ finding, and so should be interpreted with a high
degree of caution in the setting of high-grade chondral loss.
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