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Objective: To develop a semiquantitative MRI-based scoring system (HOAMS) of hip osteoarthritis (OA)
and test its reliability and validity.
Design: Fifty-two patients with chronic hip pain were included. 1.5T magnetic resonance imaging (MRI)
was performed on all patients. Pelvic radiographs were scored according to the KellgreneLawrence (KL)
system. Clinical outcomes were assessed by the hip osteoarthritis outcome score (HOOS). MRIs were
analyzed using a novel whole-joint MRI score that incorporated 13 articular features. Reliability was
determined on a random subset of 15 cases. Weighted-kappa statistics and overall agreement were used
as a measure of intra- and inter-observer reliability. Associations between MRI features and radiographic
OA severity were calculated using CochraneArmitage test for trend. Ordinal logistic regression was used
to assess associations between MRI features and severity of pain and functional limitation.
Results: Distribution of radiographic grading was: KL 0¼12 (27%), KL 1¼11 (25%), KL 2¼14 (32%),
KL 3¼ 5 (11%) and KL 4¼ 2 (5%). Intra-reader reliability for the different features ranged from 0.18 (cysts)
to 0.85 (cartilage). Inter-reader reliability ranged between 0.15 (cysts) and 0.85 (BMLs). Low kappas were
due to low frequencies of some features as overall percent agreement was good to excellent (83.8% and
83.1%). There was a strong association between MRI-detected lesions and radiographic severity
(P¼ 0.002). Non-significant trends were observed between MRI features and clinical outcomes.
Conclusion: MRI-based semiquantitative assessment of the hip shows adequate reliability. Presence of
more severe MRI-detected intraarticular pathology shows a strong association with radiographic OA. The
results suggest possible associations between MRI-detected pathology and clinical symptoms.

� 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
Introduction

Osteoarthritis (OA) is a disorder of multiple joint tissues leading
eventually to joint failure1e4. While semiquantitative whole joint
assessment is an established method of evaluating large magnetic
resonance imaging (MRI) datasets in observational studies and clin-
ical trials of knee OA, comparatively few research endeavors have
focused on the hip joint and none of them are using similar “whole-
organ” approaches5e8. Due to its location as part of the pelvis, its
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anatomy being a spherical structure and its physiologically very thin
coverage with articular hyaline cartilage, MRI assessment of the hip
joint is much more challenging than the knee9.

Despite these challenges MRI of the hip has drawn a lot of
attention in recent years due to its potential role of assessing joints
of patients with femoro-acetabular impingement and acetabular
dysplasia, both a potential risk for consequent hip OA and surgically
treatable conditions10e12. In order to stratify patients that might
potentially benefit from surgery, complex MRI protocols have been
developed to evaluate all intra- and periarticular structures rele-
vant for disease initiation and progression such as the labrum,
cartilage, subchondral bone and periarticular tissues9,13. These
protocols include 1.5 T and 3 T MRI systems, the application of
reformatted or primarily acquired radial sequences, the application
of gadolinium-based contrast agents in order to assess cartilage
ublished by Elsevier Ltd. All rights reserved.
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Table I
Frequencies of MRI features (maximum grades, N¼ 52 knees)

Maximum grade 0 (%) 1 (%) 2 (%) 3 (%) 4 (%)

Feature

Cartilage* 11 (21.2) 0 0 17 (32.7) 24 (46.2)
BMLsy 17 (32.7) 3 (5.8) 16 (30.8) 16 (30.8) n/a
Subchondral cystsy 27 (51.9) 4 (7.7) 14 (26.9) 7 (13.5) n/a
Osteophytesz 6 (11.5) 11 (21.2) 15 (28.8) 14 (26.9) 6 (11.5)
Labrumx 8 (15.4) 13 (25) 17 (32.7) 14 (26.9) n/a
Synovitisxk 13 (25.0) 17 (32.7) 7 (13.5) n/a n/a
Effusion 33 (63.5) 16 (30.8) 3 (5.8) n/a n/a
Loose bodies 47 (90.4) 5 (9.6) n/a n/a n/a
Attrition 43 (82.7) 9 (17.3) n/a n/a n/a
Dysplasia 50 (96.2) 2 (3.8) n/a n/a n/a
Greater trochanter

tendonitis/bursitis
43 (82.7) 9 (17.3) n/a n/a n/a

Labral hypertrophy 47 (90.4) 5 (9.6) n/a n/a n/a
Paralabral cysts 44 (84.6) 8 (15.4) n/a n/a n/a
Herniation pits 49 (94.2) 3 (5.8) n/a n/a n/a

* Maximum grade of 10 cartilage subregions.
y Maximum grade of 15 femoro-acetabular subregions.
z Maximum grade of 5 locations.
x Maximum grade of 4 locations.
k N¼ 36 knees.

Table IIa
Reliability HOAMS (15 hips)

Joint feature HOAMS intra-observer
agreement* w kappa
(95% CI)

HOAMS inter-observer
agreement* w kappa
(95% CI)

Cartilage 0.85 (0.60e1.00) 0.65 (0.31e1.00)
BMLs 0.72 (0.49e0.96) 0.85 (0.67e1.00)
Subchondral cysts 0.18 (�0.16e0.51) 0.15 (�0.24e0.54)
Osteophytes 0.78 (0.55e1.00) 0.63 (0.38e0.88)
Labrum 0.72 (0.42e1.00) 0.48 (0.15e0.81)
Synovitisy 0.69 (0.31e1.00) 0.60 (0.23e0.97)
Effusion 0.82 (0.60e1.00) 0.65 (0.34e0.97)
Loose bodies 1.00 1.00
Attrition 1.00 0.81 (0.47e1.00)
Dysplasiaz n/a n/a
Greater trochanter

tendonitis/bursitis
0.42 (�0.24e1.00) 0.76 (0.32e1.00)

Labral hypertrophy 0.44 (�0.15e1.00) 0.17 (�0.40e0.73)
Paralabral cysts 0.58 (0.07e1.00) 0.58 (0.07e1.00)
Herniation Pitsz n/a n/a

w kappa eweighted kappa; 95% CI e 95% confidence interval; n/a e not applicable.
* Maximum value.
y n¼ 11.
z Feature not present in reliability exercise; both readers scored 0 for this feature

for all hips assessed.
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matrix composition, and oblique planes along different anatomical
structures of the joint9,11,14,15. While MRI is capable of visualizing
such detailed anatomy and pathology, the clinical implementation
of some of these protocols appears to be challenging due to
complex requirements on the technologist’s side and lengthy
exams that predispose to patients’ motion artifacts16,17.

Risk factors for hip OA differ from the knee and little is known
about the natural history of the disease as few studies have
implemented MRI in a longitudinal fashion in larger cohorts18,19. In
order to follow patients over longer periods to assess the natural
course of joint pathology or for evaluation of surgical or pharma-
cological treatment effects, surrogate markers need to be estab-
lished withMRI a likely candidate due to its capability of visualizing
all joint structures in a non-invasive fashion. Reliable and valid
tools are needed that allow for both observational studies and
clinical trials of hip joints.

The aim of our study was to introduce a novel semiquantitative,
multifeature scoring method, the Hip Osteoarthritis MRI Scoring
System(HOAMS) for “whole-organ” assessmentof thehip joint that is
easy to implementatmost imaging centers andhospitalsworld-wide.

Methods

Patients

Fifty-two consecutive patients aged >50 years who were
referred to our institution, a secondary orthopedic referral center,
for assessment of chronic hip pain between October 2009 and April
2010 were included. All patients were ambulatory at the time of
imaging. Chronic hip painwas defined as pain onmost days over the
last 3 months without a history of traumawithin the last 6 months.
Patients were excluded if they had a history of rheumatoid arthritis,
other inflammatory rheumatic conditions or recent trauma. In cases
of clinical suspicion of inflammatory changes such as insertional
tendonitis, synovitis or bursitis, the standard imaging protocol
included a contrast-enhanced sequence in the coronal and axial
imaging planes. In order to avoid any possibility of contrast-induced
systemic nephrogenic fibrosis, renal insufficiency was ruled out
prior to scanning by calculation of the glomerular filtration rate20.
Two patients with renal insufficiency were excluded from contrast-
enhanced imaging21. Also in patients who reported a history of
allergies (n¼ 3), only non-enhanced scans were performed.

The local institutional review board approved the study design.
The details of the examination, including possible side effects of the
contrast application, were explained to the patients and written
informed consent (including a statement that the imaging data and
the data of the questionnaire blinded to patient name, birth date
and institution would be used for research) was obtained from all
patients prior to the examination.

Radiography

Antero-posterior radiographs of the pelvis were used for assess-
ment of OA severity and were available for 44 subjects (84.6%).
Radiographs were scored by two musculoskeletal radiologists in
consensus according to the KellgreneLawrence (KL) grading
scheme22.

MRI acquisition

All studies were performed with a 1.5 T MRI system (Siemens
Symphony, Erlangen, Germany) using a phased array body coil. In
order to ensuremaximumrepeatabilityweused standard anatomical
imaging planes, i.e., axial, sagittal and coronal. The sequence protocol
was designed to visualize all relevant joint structures that were part
of the assessment in at least two imaging planes. Only the affected
side was examined.

The following sequences were part of the protocol: coronal and
axial non fat-suppressed T1-weighted (w) spin-echo sequences
(TR¼ 720 ms, TE¼ 15 ms, slice thickness/slice gap 3.0 mm/0.3 mm,
field of view (FOV) 17.9�16.3 cm, matrix size 320� 216, number of
signal averages 1), coronal and sagittal proton density-weighted
(PD) fat-suppressed (fs) fast spin-echo sequences (TR¼ 3,310 ms,
TE¼ 29 ms, slice thickness/slice gap 3.0 mm/0.3 mm, echo train
length 7, FOV 17.9�16.3 cm, matrix size 256�192, number of
signal averages 2), a sagittal 2D multiple-echo data image combi-
nation (MEDIC) sequence (TR¼ 1,080 ms, TE¼ 24 ms, slice thick-
ness/slice gap 3.0 mm/0.3 mm, FOV 19.9�19.9 cm, matrix size
320� 320, number of signal averages 1)23. Whenever contrast
administration was indicated, the patient remained in the same
position in the MRI unit and 0.2 ml (0.1 mmol)/kg body weight
Gadolinium-DTPA (Omniscan�, GE Healthcare, Little Chalfont, UK)
was injected manually followed by a 20 ml saline flush. Injection
time was 10e15 s. A repeat of the coronal and axial T1w sequences,
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now with fat suppression, was acquired 3 min after the injection.
Sequence parameters were identical to the pre-contrast sequence.
The total time for the MRI examination including patient posi-
tioning was between 27 and 31 min for the protocol without
contrast-enhanced sequences and 41e44 min for the protocol
including the contrast-enhanced sequences.

MRI assessment

All MRIs were read primarily by one musculoskeletal radiologist
(FWR) with 8 years experience in standardized semiquantitative
MRI assessment of OA. The same reader re-read 15 randomly
selected hips (chosen from the 52 hips of the overall sample)
1 month after the initial scoring in random order for the intra-
observer reliability exercise. A second radiologist (AG) with
10 years experience of semiquantitative OA assessment read these
same 15 cases in random order for the inter-observer reliability
assessment. The readers were blinded to patient’s name, date of
birth and study number. Readings were commenced after two
separate 2-hour training sessions of calibration between the
readers using different case material that was acquired during
sequence protocol optimization (10 patients). All features were
assessed in at least two perpendicular imaging planes.

Readings were performed using the cine-loop function on
a standard clinical PACS system (GE Healthcare, Centricity�, Bar-
rington, IL). Scores were recorded electronically on a designated
custom-developed spreadsheet (MS Excel, Microsoft�, Redmond,
WA).

Images were scored with respect to 14 articular features:
cartilage morphology, subchondral bone marrow lesions (BMLs),
subchondral cysts, osteophytes, acetabular labrum, synovitis
(whenever contrast-enhanced sequences were available), joint
effusion, loose bodies, attrition, dysplasia, trochanteric bursitis/
insertional tendonitis of the greater trochanter, labral hypertrophy,
paralabral cysts and herniation pits at the supero-lateral femoral
neck.

The sequences used for assessment of a certain feature are
described in detail in Appendix I (“A. Subregional joint division and
locations of scoring”).

Three of the features examined (cartilage morphology, sub-
articular BMLs, subarticular cysts) related to the articular surfaces
that were subdivided into nine subregions for cartilage evaluation
Table IIb
Intra- and inter-observer agreement for HOAMS features

Joint feature* Frequency of
scores>0 (%)

Intra-observer ag

Agreement for
all scores %

Cartilage (N¼ 135) 49 (36.3) 73.3
BML (N¼ 225) 53 (23.6) 86.7
Cysts (N¼ 225) 13 (5.8) 92.4
Osteophytes (N¼ 75) 35 (46.6) 66.6
Labrum (N¼ 75) 26 (34.7) 81.3
Synovitisy (N¼ 44) 16 (36.6) 84.1
Effusion (N¼ 15) 5 (33.3) 86.7
Loose bodies (N¼ 15) 1 (6.7%) 100
Attrition (N¼ 15) 3 (20%) 100
Dysplasia (N¼ 15) 0 (0) 100
Greater trochanter

tendonitis/bursitis (N¼ 15)
2 (13.3) 86.7

Labral hypertrophy (N¼ 15) 3 (20%) 86.7
Paralabral cysts (N¼ 15) 3 (20) 86.7
Herniation pits (N¼ 15) 0 (0) 93.3

Total (N¼ 899) 209 (23.2) 84.3

* N designates number of subregions scored in 15 joints.
y 11 knees with i.v. contrast in reliability exercise.
and 15 subregions for acetabular and femoral subchondral bone
marrow assessment. The articular cartilage surfaces of the acetab-
ulum and femoral head were scored together as a clear delineation
of both surfaces is not possible on standard non-arthrography MRI.
The remaining features were scored at specific anatomic locations.
A detailed description of the subregional division and locations for
scoring of the different features is also presented in Appendix I
(“A. Subregional joint division and locations of scoring”). The
scales of scoring for each feature are further outlined in Appendix I
(“B. Grading of different features of hip OA”).

Clinical assessment

All patients were asked to fill out the standardized hip OA
outcome score (HOOS) questionnaire. The HOOS is an adaptation of
the knee OA outcome score (KOOS) intended to evaluate symptoms
and functional limitations related to the hip24,25. The HOOS consists
of 40 items, assessing five separate patient-relevant dimensions:
Pain (P) (10 items); Symptoms (S) including stiffness and range of
motion (five items); Activity limitations-daily living (A) (17 items);
Sport and Recreation Function (SP) (four items); and Hip Related
Quality of Life (Q) (four items). To answer each question, five Likert-
boxes were used (no, mild, moderate, severe, extreme). All items
were scored from 0 to 4, and each of the five subscaleswas calculated
as the sum of the items included. The five S items and four SP items
were combined as “function”-items in the analyses.

A radiologic-orthopedic consensus between the referring clini-
cianand the reporting radiologist on the samedayof the examination
defined most probable reason for symptoms in order to define non-
OA-related pathology that is commonly encountered around the hip
joint and might be responsible for patients’ symptoms26.

Statistical analysis

Reliability was calculated using weighted (w) kappa statis-
tics. In addition, percent agreement was calculated differenti-
ating between overall agreement and agreement concerning
scores of zero vs scores coding pathology (>0). Associations
between presence of MRI features (large BMLs, severe cartilage
damage, labral damage and synovitis) and radiographic OA
severity were calculated using CochraneArmitage test for trend.
To assess associations between MRI features (BMLs and
reement Inter-observer agreement

Agreement for
scores 0 vs >0

Agreement for
all scores %

Agreement for
scores 0 vs >0

85.9 73.3 84.4
93.8 84.9 89.8
94.7 92.9 95.1
85.3 62.2 82.7
85.3 81.3 90.7
90.9 81.8 90.9
93.3 73.3 73.3

100 100 100
100 93.3 93.3
100 100 100
86.7 93.3 93.3

86.7 73.3 73.3
86.7 86.7 86.7
93.3 100 100

90.7 82.4 89.6



Table III
Association of MRI features and KL grade of the hip radiograph (N¼ 44)

Knees N (%) KL grade, N (%) P for trend

0 (n¼ 12) 1 (n¼ 11) 2 (n¼ 14) 3 (n¼ 5) 4 (n¼ 2)

MRI featurey
Severe cartilage damage (>3) 21 (47%) 3 (25%) 3 (27%) 8 (57%) 5 (100%) 2 (100%) 0.001*
Large BML (>2) 13 (30%) 1 (8%) 2 (18%) 5 (36%) 3 (60%) 2 (100%) 0.002*
Cysts (>2) 7 (16%) 0 (0) 2 (18%) 2 (14%) 1 (20%) 2 (100%) 0.010*
Osteophytes (�2) 29 (66%) 4 (33%) 7 (64%) 11 (79%) 5 (100%) 2 (100%) 0.002*
Labral tear (�2) 25 (57%) 7 (58%) 6 (55%) 6 (43%) 4 (80%) 2 (100%) 0.457
Synovitis (any)z 22 (69%) 3 (33%) 3 (60%) 10 (83%) 4 (100%) 2 (100%) 0.003*
Effusion (any) 17 (39%) 2 (17%) 4 (36%) 7 (50%) 2 (40%) 2 (100%) 0.028*
Loose bodies (any) 5 (11%) 1 (8%) 0 (0) 0 (0) 2 (40%) 1 (100%) 0.004*
Attrition (any) 9 (20%) 1 (8%) 0 (0) 1 (7%) 5 (100%) 2 (100%) <0.0001*
Dysplasia (any) 2 (5%) 1 (8%) 0 (0) 0 (0) 0 (0) 1 (50%) 0.451
Greater trochanter tendonitis/bursitis (any) 7 (16%) 4 (33%) 2 (18%) 1 (7%) 0 (0) 0 (0) 0.033*
Labral hypertrophy (any) 3 (7%) 0 (0) 1 (9%) 2 (14%) 0 (0) 0 (0) 0.684
Paralabral cysts (any) 5 (11%) 1 (8%) 0 (0) 2 (14%) 1 (20%) 1 (50%) 0.098
Herniation pits (any) 3 (7%) 1 (8%) 1 (9%) 0 (0) 0 (0) 1 (50%) 0.684

* Significant at P< 0.05.
y Maximum value for MRI features was used to dichotomize them into presence or absence.
z n¼ 36.
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synovitis) and pain severity (maximum score of 10 HOOS pain
items) and limitation in function maximum scores of all subre-
gions or locations assessed were considered as predictors. The
maximum score of 10 HOOS pain items or nine HOOS function
items was considered the outcome. We collapsed maximum
scores into mild (grades 1 and 2) and moderate to severe (grades
Table IV
Association of different MRI features with HOOS-assessed pain

Maximum
score

Hips Max. HOOS score Od

1/2 (mild) 3e5 (modeext) Un

Cartilage 0/1 11 4 (33%) 7 (18%) 1.
2 16 2 (17%) 14 (36%) 4.0
3 24 6 (50%) 18 (46%) 1.7

BML 0/1 20 6 (50%) 14 (36%) 1.
2 15 4 (33%) 11 (28%) 1.1
3 16 2 (17%) 14 (36%) 3.0

Cysts 0/1 31 9 (75%) 22 (56%) 1.
2 13 3 (25%) 10 (26%) 1.3
3 7 0 (0) 7 (18%) n/a

Osteophytes 0/1 17 3 (25%) 14 (36%) 1.
2 15 2 (17%) 13 (33%) 1.3
3 13 5 (42%) 8 (21%) 0.3
4 6 2 (17%) 4 (10%) 0.4

Labrum 0/1 21 6 (50%) 15 (38%) 1.
2 16 5 (42%) 11 (28%) 0.8
3 14 1 (8%) 13 (33%) 5.

Synovitis 0 12 4 (57%) 8 (28%) 1.
1 17 2 (29%) 15 (52%) 3.7
2 7 1 (14%) 6 (21%) 3.0

Effusion 0 32 9 (75%) 23 (59%) 1.
1 16 3 (25%) 13 (33%) 1.7
2 3 0 (0) 3 (8%) n/a

Loose bodies 0 46 10 (83%) 36 (92%) 1.
1 5 2 (17%) 3 (8%) 0.4

Attrition 0 42 9 (75%) 33 (85%) 1.
1 9 3 (25%) 6 (15%) 0.5

Dysplasia 0 49 11 (92%) 38 (97%) 1.
1 2 1 (8%) 1 (3%) 0.2

Greater trochanter
tendonitis/bursitis

0 42 12 (100%) 30 (77%) 1.
1 9 0 (0) 9 (23%) n/a

Labral hypertrophy 0 46 12 (100%) 34 (87%) 1.
1 5 0 (0) 5 (13%) n/a

Paralabral cysts 0 44 11 (92%) 33(85%) 1.
1 7 1(8%) 6 (15%) 2.0

Herniation pits 0 48 11 (92%) 37 (95%) 1.
1 3 1 (8%) 2 (5%) 0.5

* Adjusting for age, gender and BMI.
3e5). Logistic regression model with binary outcome was per-
formed to predict the probability of having moderateesevere
pain. Additional adjustment was performed for age, gender,
body mass index, radiographic OA status and effusion. All
statistical analyses were performed using SAS� software
(Version 9.1 for Windows; SAS Institute, Cary, NC).
ds ratio (95% Confidence interval) Odds ratio (95% Confidence interval)

adjusted P for trend Adjusted* P for trend

0 (ref) e 1.0 (ref) e

0 (0.58e27.4) 0.158 2.82 (0.34e23.7) 0.341
1 (0.37e7.97) 0.492 1.90 (0.33e10.9) 0.472
0 (ref) e 1.0 (ref) e

8 (0.27e5.24) 0.829 2.03 (0.34e12.2) 0.441
0 (0.51e17.5) 0.222 6.10 (0.75e49.6) 0.091
0 (ref) e 1.0 (ref) e

6 (0.30e6.14) 0.686 1.82 (0.34e9.86) 0.486
e n/a e

0 (ref) e e e

9 (0.20e9.71) 0.738 1.06 (0.13e8.71) 0.954
4 (0.06e1.83) 0.210 0.28 (0.04e2.09) 0.215
3 (0.05e3.52) 0.430 0.49 (0.04e6.60) 0.590
0 (ref) e 1.0 (ref) e

8 (0.21e3.64) 0.860 1.56 (0.29e8.23) 0.603
2 (0.55e49.0) 0.150 7.66 (0.71e82.9) 0.094
0 (ref) e 1.0 (ref) e

5 (0.56e25.1) 0.173 5.89 (0.71e48.5) 0.010
0 (0.26e34.2) 0.376 4.51 (0.24e86.0) 0.317
0 (ref) e 1.0 (ref) e

0 (0.39e7.40) 0.482 2.15 (0.42e10.9) 0.357
e n/a e

0 (ref) e 1.0 (ref) e

2 (0.06e2.85) 0.372 0.46 (0.05e3.91) 0.476
0 (ref) e 1.0 (ref) e

5 (0.11e2.62) 0.449 0.76 (0.11e5.02) 0.773
0 (ref) e 1.0 (ref) e

9 (0.02e5.01) 0.394 0.44 (0.02e9.49) 0.600
0 (ref) e 1.0 (ref) e

e n/a e

0 (ref) e 1.0 (ref) e

e n/a e

0 (ref) e 1.0 (ref) e

0 (0.22e18.5) 0.541 4.67 (0.42e52.3) 0.212
0 (ref) e 1.0 (ref) e

9 (0.05e7.19) 0.682 0.75 (0.05e11.7) 0.839
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Results

Demographics

Fifty-two consecutive patients were included. About half of the
patients were female (N¼ 28/53.8%), mean agewas slightly over 60
(63.5 years, SD� 9.5) and mean BMI was 25.9 (SD 3.8). For 44
(86.4%) subjects the AP pelvic X-ray was available, for 51 (98.1%)
patients a completed HOOS questionnaire was available for anal-
ysis. The majority of patients received additional gadolinium-
enhanced sequences for synovitis assessment (N¼ 36, 69.2%).

Distribution of radiographic grading was: KL 0¼12 (27%), KL
1¼11 (25%), KL 2¼14 (32%), KL 3¼ 5 (11%) and KL 4¼ 2 (5%)
patients. After radiologic-orthopedic consensus 14 (26.9%) patients
had a primarily non-OA-related reason for clinical symptoms. These
included nine patients with greater trochanter tendonitis/bursitis,
four patients with a stress reaction or fracture in the femoral neck
and one patient with a rectus femoris tendonitis at the acetabular
attachment site. Table I shows the distribution of severity of MRI
features (maximum grades) for the cohort.
Reliability

Reliability results are presented in Tables IIa and IIb. Intra-reader
reliability for the different features ranged between 0.69 (synovitis)
and 0.85 (cartilage). Inter-reader reliability ranged between 0.48
(labral integrity) and 0.85 (BMLs). Scoring of subchondral cysts did
Table V
Association of different MRI features with HOOS-assessed function

Maximum score Hips Max. HOOS score O

1/2 (mild) 3e5 (modeext) U

Cartilage 0/1 11 6 (32%) 5 (16%)
2 16 3 (16%) 13 (41%) 5
3 24 10 (53%) 14 (44%) 1

BML 0/1 20 10 (53%) 10 (31%)
2 15 5 (26%) 10 (31%) 2
3 16 4 (21%) 12 (38%) 3

Cysts 0/1 31 14 (74%) 17 (53%)
2 13 4 (21%) 9 (28%) 1
3 7 1 (5%) 6 (19%) 4

Osteophytes 0/1 17 8 (42%) 9 (28%)
2 15 4 (21%) 11 (34%) 2
3 13 5 (26%) 8 (25%) 1
4 6 2 (11%) 4 (13%) 1

Labrum 0/1 21 8 (42%) 13 (41%)
2 16 8 (42%) 8 (25%) 0
3 14 3 (16%) 11 (34%) 2

Synovitis 0 12 5 (45%) 7 (28%)
1 17 4 (36%) 13 (52%) 2
2 7 2 (18%) 5 (20%) 1

Effusion 0 32 13 (68%) 19 (59%)
1 16 6 (32%) 10 (31%) 1
2 3 0 (0) 3 (9%) n

Loose bodies 0 46 17 (89%) 29 (91%)
1 5 2 (11%) 3 (9%) 0

Attrition 0 42 15 (79%) 27 (84%)
1 9 4 (21%) 5 (16%) 0

Dysplasia 0 49 18 (95%) 31 (97%)
1 2 1 (5%) 1 (3%) 0

Greater trochanter
tendonitis/bursitis

0 42 16 (84%) 26 (81%)
1 9 3 (16%) 6 (19%) 1

Labral hypertrophy 0 46 18 (95%) 28 (88%)
1 5 1 (5%) 4 (12%) 2

Paralabral cysts 0 44 17 (89%) 27 (84%)
1 7 2 (11%) 5 (16%) 1

Herniation pits 0 48 18 (95%) 20 (94%)
1 3 1 (5%) 2 (6%) 1

* Adjusting for age, gender and BMI.
not seem reliable with a w kappa of 0.18 and 0.15. Labral assess-
ment, labral hypertrophy, trochanteric tendonitis and synovitis
showed only moderate reliability with minimum values for either
intra- or inter-reliability ranging between 0.17 and 0.48. However,
these findings seemed to be a result of low frequencies of these
features as overall percent agreement proved to be good to excel-
lent and ranged between 60.0% (inter-reader agreement for syno-
vitis) and 92.9% (intra-reader agreement for subchondral cysts).
Overall agreement across all features ranged between 73.3% and
92.9% for intra-observer reliability and between 74.8% and 92.9% for
inter-observer reliability.
Validity

There was a strong association between presence of the main
MRI-detected features and radiographic KL grade, apart from
acetabular labrum assessment (P for trend¼ 0.26) and also some
additional features that only showed low frequencies (Table III).

Concerning associations of MRI features with HOOS-assessed
pain, there was a clear trend of an increased risk of pain with
increasing BML size (maximum score of 15 subregions) and syno-
vitis severity (maximum score of four locations) albeit not statis-
tically significant (Table IV). Similar results were observed for HOOS
function itemswith a trend of limitation in functionwith increasing
grades of BML and synovitis (Table V). Results were similar when
using an alternate sum approach of MRI-assessed pathology as
a predictor (data not shown).
dds ratio (95% Confidence interval) Odds ratio (95% Confidence interval)

nadjusted P for trend Adjusted* P for trend

1.0 (ref) e 1.0 (ref) e

.20 (0.92e29.3) 0.061 4.46 (0.72e27.6) 0.107

.68 (0.40e7.08) 0.479 1.59 (0.34e7.48) 0.560
1.0 (ref) e 1.0 (ref) e

.00 (0.50e8.00) 0.327 2.07 (0.47e9.21) 0.339

.00 (0.72e12.6) 0.133 3.07 (0.65e14.4) 0.156
1.0 (ref) e 1.0 (ref) e

.85 (0.47e7.32) 0.379 2.41 (0.55e10.7) 0.246

.94 (0.53e46.0) 0.161 7.23 (0.72e72.7) 0.093
1.0 (ref) e 1.0 (ref) e

.44 (0.55e10.8) 0.240 2.20 (0.48e10.2) 0.314

.42 (0.33e6.17) 0.638 1.14 (0.22e5.79) 0.876

.78 (0.25e12.4) 0.562 1.19 (0.12e12.1) 0.881
1.0 (ref) e 1.0 (ref) e

.62 (0.17e2.30) 0.470 0.80 (0.19e3.36) 0.763

.26 (0.48e10.6) 0.304 2.84 (0.56e14.5) 0.210
1.0 (ref) e 1.0 (ref) e

.32 (0.47e11.5) 0.304 2.57 (0.47e14.1) 0.276

.79 (0.24e13.2) 0.570 2.81 (0.27e29.8) 0.391
1.0 (ref) e 1.0 (ref) e

.14 (0.33e3.92) 0.835 1.27 (0.35e4.61) 0.720
/a e n/a e

1.0 (ref) e 1.0 (ref) e

.88 (0.13e5.80) 0.894 0.76 (0.10e5.69) 0.787
1.0 (ref) e 1.0 (ref) e

.69 (0.16e2.99) 0.624 0.36 (0.06e2.37) 0.290
1.0 (ref) e 1.0 (ref) e

.58 (0.03e9.86) 0.707 0.61 (0.03e14.3) 0.759
1.0 (ref) e 1.0 (ref) e

.23 (0.27e5.62) 0.789 0.94 (0.18e5.04) 0.943
1.0 (ref) e 1.0 (ref) e

.57 (0.27e24.9) 0.415 4.27 (0.37e48.9) 0.244
1.0 (ref) e 1.0 (ref) e

.57 (0.27e9.04) 0.611 1.99 (0.31e12.9) 0.472
1.0 (ref) e 1.0 (ref) e

.20 (0.10e14.2) 0.885 1.04 (0.08e13.5) 0.975
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Discussion

We described a novel semi-quantitative scoring system, HOAMS,
and its reliability for OA studies utilizing MRI of the hip joint. To date
most imaging-based research inOAhas focused on the knee joint due
Fig. 1. Subregional division for cartilage assessment. A. Coronal PD fsMR image. Two lines
are connecting the center of the femoral head with the lateralesuperior (line 1) and the
medialeinferior (line 4) osseous-labral junction of the acetabulum. The acetabular-sided
crescent between those two lines is divided into equal thirds by two other lines (lines 2
and 3) that also originate in the center of the femoral head. An additional line (line 5) that
runs from the center of the femoral head laterally and parallel to the femoral neck contour
subdivides the central lateral and central medial subregions. B. Sagittal PD fs MR image. A
horizontal line crossing the center of the femoral head is drawn separating the superior
from the inferior part of the joint. Along this line two points are defined in a distance of
9 mm to the anterior and posterior femoral head contour (i.e., the most anterior and
posterior three coronal slices covering the femoral head). Two perpendicular lines that
cross these two points are added to define anterior (line 2) and posterior regions (line 3).
As the central region between these two lines corresponds with the subregions already
scored in the coronal plane, this region is ignored for scoring in the sagittal plane.
(CLe centralelateral, CS e centralesuperior, CC e centralecentral, CI e centraleinferior,
CMe centralemedial, ASe anteroesuperior, AIe anteroeinferior, PSeposteroesuperior,
PI e posteroeinferior subregions).
to the high prevalence of knee OA, due to non-complicated image
acquisition in comparison to other joints and due to the unique
anatomyof the knee including cartilage thickness between2 mmand
3 mm in the tibiofemoral joint and up to 7 mm for retropatellar
cartilage27. The hip joint is more challenging to visualize by MRI due
to its spherical shape embedded in the osseous pelvis and much
thinner physiologic cartilage coverage9. MRI artifacts such as fold-
Fig. 2. Subregional joint division for scoringof BMLs and subchondral cysts. A. Coronal PD
fs MR image depicts subregional division for BML and subchondral cyst scoring. The
division into the different subregions is identical as for cartilage scoring (see Fig. 1) with
the addition that femoral regionswill bedistinguished fromacetabular regions. Thus, BME
and subchondral cysts will be scored in 15 locations altogether. BME and subchondral
cysts are evaluated by estimating the percentage involvement in the corresponding
subregion. B. Sagittal PD fs MR image illustrates subregional division for the anterior and
posterior parts of the joint. (CLF e centralelateral femur, CSF e centralesuperior femur,
CCFe centralecentral femur, CIFe centraleinferior femur, CMFe centralemedial, ASFe
anteroesuperior femur, AIFe anteroeinferior femur, PSFe posteroesuperior femur, PIFe
posteroeinferior femur, CSA e centralesuperior acetabulum, CCA e centralecentral
acetabulum, CIA e centraleinferior acetabulum, ASA e anterioresuperior acetabulum,
PSA e posterioresuperior acetabulum, PIA e posterioreinferior acetabulum).
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over andfield inhomogeneities aremore difficult to overcome than in
the knee joint17.

As for the knee, there is no treatment available for established hip
OA other than symptomatic approaches and total joint replacement,
with very limited therapeutic options to modify structural disease.
Total hip arthroplasty has been an established surgical procedure for
decades with excellent long-term results28,29. However, the number
of hips replaced in the Western world is enormous with a huge
Fig. 3. Locations for osteophyte scoring. Osteophytes are scored for the femur at four
defined locations. A. Coronal T1w non fs MR image shows femoral osteophytes. Scoring
is performed at the supero-lateral (LF) and infero-medial (MF) femoral headeneck-
junction. B. Osteophytes are assessed anteriorly (AF) and posteriorly (PF) in the axial
plane. C. In addition so-called intraarticular osteophytes (arrow) are assessed that may
be present anywhere along the femoro-acetabular crescent (so-called CIA region).
impact on health care systems30. In the future large epidemiological
studies including imaging of the hip joint will hopefully allow the
research community to advance its understanding of the risk factors
involved in OA disease progression and will help in developing
successful strategies of disease prevention and modification31.
Imaging biomarkers have to be validated as surrogate measures of
disease progression, which will be of particular importance once
Fig. 4. Locations for labral assessment. The labrum is assessed atfive defined locations. A.
In the coronal plane the labrum is scored at the inferioremedial (IML) and supero-lateral
(SLL) location. B. In the sagittal plane the labrum is assessed at the supero-anterior (ASL)
position. C. In the axial plane labral scoring is performed at the anterior (AL) and posterior
(PL) locations.



Fig. 5. Locations for synovitis assessment. Synovitis is scored at four defined locations
on the T1w fat-suppressed contrast-enhanced MR images. A. In the coronal plane
synovitis is scored at the lateral (LS) and medial (MS) locations. B. In the axial plane
synovitis is scored at the anterior (AS) and posterior locations (PS).
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structure- or disease-modifying drugs become available32. A number
ofMRI-based semi-quantitative scoring systems to evaluate the knee
joint have been introduced and have shown good reliability, validity
and applicability in assessment of large OA studies5e7,33. For other
joints, including the hip, only few semi-quantitative scoring systems
are available andnoneof themcovers thehip joint comprehensively8.
The proposed scoring system is one step to provide an additional tool
to be used as an outcome measure in the future.

MRI is uniquelyable to directly depict all tissues of the joint,which
allows the joint to be evaluated as a whole organ, and provides
amuchmore detailed picture of the changes associatedwithOA than
is possible with other techniques5,6,9. HOAMS covers a variety of
features that are currently believed to be relevant to the functional
integrity of the hip joint or that are potentially involved in the
pathophysiology of OA, or both. These articular features include
cartilage, subchondral BMLs, subchondral cysts, the acetabular
labrum, osteophytes, synovitis, joint effusion, loose bodies and other
relevant intra- and periarticular feature such as attrition, bursitis and
insertional tendonitis. Most of these structures cannot be seen on
plain radiography, whereas they are clearly visualized on MRI.

Highly sophisticated MRI protocols are available to optimally
visualize the hip joint by MRI9,11. However, most of these protocol
suggestions are time consuming and currently not widely available
and hence, challenging to implement when to be applied to large
studies including multiple clinical sites. For this reason our protocol
focused in a pragmatic fashion on applicability and reasonable
imaging time. We employed standard sequences and used standard
imaging planes that proved to be sufficient to achieve reasonable
reliability for the different features assessed. We are fully aware that
the application of additional radial sequences to evaluate the labrum
or the femoral headeneck-junction in a sophisticated manner might
be useful in a clinical setting but decided to omit these for reasons
mentioned. Unfortunately, simultaneous evaluation of the contra-
lateral sidewas not possible as thiswould have expanded acquisition
time beyond patient tolerance and practicability.

Assessment of cartilage is challenging due to the very thin
acetabular and femoral layer of articular hyaline cartilage in the hip
joint and is ideally performed using MR arthrography with images
acquired after the intraarticular injection of a gadolinium-based
contrast agent13. More advanced assessment of cartilage using
compositional MRI techniques such as dGEMRIC and T2 mapping
might be beneficial in patients at risk for OA that possibly profit from
surgery14. However implication of these techniques to large multi-
center studies does not seem feasible due to limited availability and
complexity of the technology34. As the femoral cartilage cannot be
distinguished from the acetabular cartilage in joints without effu-
sion, we assigned one composite score for both surfaces, an approach
that is common practice in MRI research of the hip joint using non-
arthrographic techniques14,35. We suggested a rather simple score
including four grades of pathology that differentiates focal from
diffuse lesions and superficial from full thickness damage.

Concerning bone marrow assessment we differentiated between
diffuse BMLs and subchondral cysts5. BMLs play an important role in
disease progression that has been shown inmultiple studies focusing
on the knee and to a lesser extent also in the hip36e38. In HOAMS, the
joint is subdivided intomultiple subregions andmarrow changes are
scored according to percent involvement of each subregion, which
allows for analysis of adjacent structures such as cartilage and sub-
chondral bone changes. Approaches suggesting assessment of single
lesions seem impracticable especially in longitudinal studies6,7.
Marrow abnormalities are most sensitively visualized on fat-
suppressed T2/PDw or STIR images or alternatively on T1w fat-sup-
pressed images after contrast administration39. While the kappa
statistics suggested that subchondral cyst assessment is not reliable,
overall agreement was above 90% suggesting that the low kappa
values were a result of infrequency of subchondral cysts in the study
sample.

The acetabular labrum is an important structure of joint integrity
and labral lesions have been associated with early degenerative
disease16,40. The labrum is ideally assessed on arthrographic images
using radial sequences, which we were not able to provide in our
patients11,16. Thus, we suggested analyzing the labrum at defined
locations that are prone to labral pathology, i.e., especially the
superioreanterior and superiorelateral portions of the labrum. A
differentiation between intralabral signal changes, tears and macer-
ation (partial or complete) seemed to result in sufficient reliability in
scoring the labrumat these defined articular locations. In additionwe
assessed paralabral cysts and labral hypertrophy. As expected
(especially inter-) observer reliability for labral assessment was only
moderate, which is explained by the MRI technique used. However,
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percent agreement for intra- and inter-reliability proved to be good
ranging between 81.3% (inter-observer for all scores) and 90.7%
(inter-observer agreement concerning differentiation between 0 and
non-0 scores).

Synovitis is frequently observed in OA and is ideally assessed on
contrast-enhanced scans41,42. We were able to apply contrast-
enhanced imaging to a majority of our patients and found satisfac-
tory reliability in scoring synovitis at defined locations. However,
contrast-enhancedMRI will not be applicable in larger OA studies for
reasons of costs and possible side effects. In these cases joint effusion
might be a good alternative marker of synovial activation as hyper-
intense fluid-equivalent signal in the joint cavity seems to be
a reflection of both, fluid and synovial thickening as recent evidence
showed42.

The additional features incorporated in the scoring systemmight
be of clinical relevance such as intraarticular loose bodies, tendonitis,
attrition, herniation pits or bursitis. As these features are rare we
decided to code these as present or absent, apart form loose bodies,
where a count is usually possible. The differential diagnosis of pain in
Fig. 6. Illustrative examples of grading for cartilage assessment. A. Brightened coronal MR
B. Grade 1 is defined as a focal partial-thickness defect �25% of subregional area affected. C
D. Grade 3 is defined as several partial thickness defects or single but larger superficial defect
single full thickness defect >25% of subregional area affected.
the hip region is wide and includes many different pathologic enti-
ties26. As patients were part of the routine clinical assessment and
were referred for chronic pain in the hip region, we introduced
a radiologic-orthopedic consensus after each examination to define
most likely reason for symptoms. For a quarter of the patients the
most relevant clinical diagnosis was non-OA-related such as insuffi-
ciency or stress fractures, and tendonitis and bursitis of the greater
trochanter. However, both findings may be observed commonly in
conjunctionwith osteoarthritic joints, which is the reason to include
these patients in our analysis concerning associations between
imaging and clinical parameters43e45.

The validity analyses looking at associations of MRI features
such as BMLs and synovitis in regard to clinical outcomes such as
pain and function did not yield any significant results. However,
a clear trend was shown for increasing severity or size and missing
significance has to be interpreted as a result of low case numbers.
Future analysis of a larger cohort might show different results.

We used a cross-sectional design including only a limited
number of subjects and we do not know if the scoring tool is
image depicts CS region that is used for illustration of cartilage grading (rectangle).
. Grade 2 is defined as a focal full thickness defect �25% of subregional area affected.
>25% of subregional area. E. Grade 4 is defined as several large full thickness defects or



Fig. 7. Examples of cartilage damage. A. Sagittal MEDIC MR image. Small superficial
focal defect (arrow) is depicted in the weight-bearing part of the joint (CS region).
B. Coronal PD fs MR image depicts cartilage damage. Superficial defects are seen in the
CI and CC region of the femur (arrowheads). C. Sagittal MEDIC MR image shows diffuse
full-thickness loss in the posterior inferior (PI) subregion (arrows). Note the presence
of subchondral cyst in the anterioresuperior acetabulum (ASA subregion).
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similarly applicable to longitudinal studies particularly with
regards its responsiveness and predictive validity. We hope to
employ HOAMS to future longitudinal datasets to assess its appli-
cability as a potential therapeutic monitoring tool over several time
points. Further, we did not intend to cover potential pre-
radiographic features of OA that might be a potential marker for
femoro-acetabular impingement as we focused on patients with
a high probability of established OA.

In conclusion, we have designed and presented a novel
scoring system for semiquantitative assessment of hip OA using
MRI, HOAMS, which demonstrates satisfactory reliability and
good agreement concerning intra- and inter-observer assess-
ment. Further validation, assessment of responsiveness and
iterative refinement of the scoring system are still needed in
order to maximize its utility in clinical trials and epidemiological
studies. The version presented in this report, is not intended as
a definitive solution. Further advances in MRI technology may
allow also reliable scoring of pre-radiographic OA, which is the
likely stage of disease where disease-modifying therapies may be
most efficacious. Our current study is an initial step in what is
hoped to be a continuous process of development and
improvement.
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Fig. 8. Examples of scoring BMLs and subchondral cysts. A. Coronal PD fs MR image show
(arrowheads). In addition BMLs are seen in the CSA (grade 3) and CCA (grade 2) subregions o
bone marrow reconversion. B. Sagittal PD fs MR image of same joint shows that CCA lesion ex
CSA lesion as shown in A. is also depicted in sagittal image (large gray arrow). In addition s
(small white arrow). Large femoral BML as shown in A. is also well seen in sagittal image (ar
demarcated cysts (grade 2) in the weight-bearing part (CSA subregion) of the acetabulum
anterioresuperior acetabulum (ASA subregion) (arrows).
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s large (grade 3) BML extending to the CSF and CCF subregions of the femoral head
f the acetabulum (arrows). Note the central inter-trochanteric hyperintensity represents
tends to the anterioresuperior (ASA) acetabular subregion (small gray arrow). Identical
mall BML (grade1) is present in the PIF subregion of femur only depictable on sagittal
rowheads). C. Subchondral acetabular cysts. Coronal PD fs MR image shows three well-
(arrows). D. Sagittal PD fs MR image shows large (grade 3) well-delineated cyst in the



Fig. 9. Illustrative examples of grading for BML and cyst assessment. Same subregion
as in Fig. 6 is used for exemplary illustration (CS subregion). Examples A. to C. show ill-
defined BMLs. The same approach is applied to cyst scoring. A sum definition is used in
that several BMLs in same subregion are summed to total volume % size affected.
A. Grade 1 BML/cyst is defined as <33% of subregional volume involved. B. Grade 2
BML is defined as 33e66% of subregional volume involved. C. Grade 3 BML is defined as
>66% of subregional volume involved.
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Appendix I
A. Subregional joint division and locations of scoring

Cartilage

Coronal and sagittal PD-weighted fs and sagittal MEDIC MR
images are used to evaluate the articular cartilage surfaces. Cartilage
is scored in nine articular subregions: In the coronal plane the cen-
tralelateral (CL), centralesuperior (CS), centralecentral (CC,) cen-
traleinferior (CI) and centralemedial (CM) subregions are defined. In
the sagittal plane the antero-superior (AS), antero-inferior (AI),
postero-superior (PS) and postero-inferior (PI) subregions are eval-
uated. The sagittal images are also helpful to verify lesions detected
on the coronals especially in the weight-bearing CS and CC
subregions.

To evaluate the cartilage surfaces in the coronal plane [Fig. 1(A)]
the first three slices (anterior) and the last three slices (posterior) of
the femoral head are ignored. These most anterior and posterior
parts will be scored on the sagittal images. Five “central” subregions
are scored in the coronal plane in the following manner: First, two
lines are drawn connecting the center of the femoral head with the
lateralesuperior and the medialeinferior acetabular rim (i.e., the
osseous-labral junction). The acetabular-sided crescent between
those two lines is divided into equal thirds by two other lines that
also originate in the center of the femoral head. The coronal plane
subdivision is completed by drawing a line that runs from the center
of the femoral head laterally and parallel to the femoral neck contour,
which subdivides the central lateral and central medial subregions.

The sagittal images are subdivided into four subregions. First,
a horizontal line crossing the center of the femoral head is drawn,
separating the superior and the inferior part of the joint. In the next
step two points are defined in a distance of 9e10 mm to the ante-
rior and posterior femoral head contour (i.e., the most anterior and
posterior three slices). Two perpendicular lines that cross these two
points are added to define anterior and posterior regions. As the
central region between these two lines corresponds with the
subregions already scored in the coronal plane, this region is
ignored for scoring in the sagittal plane [Fig. 1(B)].

BMLs and subchondral cysts

Coronal and sagittal PD-weighted fs MR images are used to
evaluate BMLs and subchondral cysts. Only alterations that are
located directly subchondral and that are in contact with the sub-
chondral plate are scored. The division into subregions for BML and
subchondral cyst assessment is in analogy to cartilage scoring with
the addition that femoral subregions will be distinguished from
acetabular subregions. Scoring on coronal and sagittal images is
applied in the identical manner as described above. BMLs and sub-
chondral cysts will be scored in 15 subregions altogether (nine
femoral and six acetabular e Fig. 2). BMLs and subchondral cysts are
evaluated by estimating the percentage of the affected bone surface
in the corresponding subregion.

BMLs and cysts are scored in the following nine femoral subre-
gions: In the coronal plane the centralelateral (CLF), the central-
esuperior (CSF), the centralecentral (CCF) the centraleinferior (CIF)
and the centralemedial (CMF) subregions are assessed. In the
sagittal plane the antero-superior (ASF), the antero-inferior (AIF),
the postero-superior (PSF) and the postero-inferior (PIF) subregions
are evaluated.

Six acetabular subregions are assessed in addition: In the coronal
plane the centralesuperior (CSA), the centralecentral (CCA) and the
centraleinferior (CIA) subregions are assessed. In the sagittal plane
the anterioresuperior (ASA) the posterioresuperior (PSA) and the
posterioreinferior (PIA) subregions are evaluated.
Osteophytes

Coronal and axial T1wMR images are used to score osteophytes
that are assessed at five defined locations of the femur (Fig. 3). As
acetabular osteophytes are rare, these are not being considered in
the scoring system.

In the coronal plane the locations for scoring are the medial
femoral headeneck-junction (MF), the lateralefemoral headeneck-
junction (LF) and the central intraarticular area (CIA). The femoral
headeneck junctions are defined as the junction of the convexity of
the femoral head to the concavity of the femoral neck.

In the axial plane the locations for scoring are the anterior
femoral headeneck-junction (AF) and the posterior femoral
headeneck-junction (PF). These are scored at the junction of the
convexity of the femoral head to the concavity of the femoral neck.

Labral assessment

Coronal and sagittal PD-weighted fs and coronal and axial T1w
fat-suppressed contrast-enhanced MR images are used to evaluate



Fig. 10. Assessment of osteophytes on coronal T1w non fs MR images. A. Small equivocal grade 1 osteophyte at the MF location of femur (arrow). B. Moderate (grade 2) osteophyte is
visualized at the LF (arrow) and grade 3 osteophyte at the MF (arrowhead) locations. C. Large grade 3 osteophyte at the MF location (arrow). 4. Proliferative grade 4 osteophyte at the
MF location is shown (arrowheads).
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labral lesions. The labrumwill be assessed at five defined locations
of the acetabular rim.

Supero-lateral (SLL) and inferomedial labral (IML) lesions are
assessed in the coronal plane, anterior (AL) and posterior (PL)
lesions in the axial and antero-superior lesions in the sagittal plane
(ASL) (Fig. 4). In cases where no contrast-enhanced images are
available an axial PD fs sequence should be used for anterior and
posterior labral assessment.

Synovitis

Coronal and axial T1w fat-suppressed contrast-enhanced MR
images are used to evaluate the presence of synovitis.

Synovitis is scored at four defined locations. The coronal
plane is necessary for the assessment of the medial (MS) and
lateral (LS) locations and the axial plane for the anterior (AS)
and posterior (PS) locations of synovitis scoring. Scoring will be
performed at the level of the femoral headeneck-junction
(Fig. 5).
B. Grading of different features of hip OA

Cartilage

Cartilage integrity or damagewill be assessed using a single score
that is based on a percentage of affected area of any given subregion
focal defects are differentiated from more diffuse damage. Further
depth of cartilage lesion is taken into account. Any subregion is
scored according to worst grade within subregion. Cartilage will be
scored from 0 to 4:

0¼ normal cartilage
1¼ focal partial thickness defect (�25% of subregional area

affected)
2¼ focal full thickness defect (�25% of subregional area

affected)
3¼ several partial thickness defects or single but larger super-

ficial defect (>25% of subregional area affected)
4¼ several large full thickness defects or single full thickness

defect (>25% of subregional area affected).
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Illustrative examples for cartilage grading are shown in Fig. 6.
Signal alterations are not scored as these are sequence specific

and femoral and acetabular cartilage cannot be distinguished.
Examples of cartilage damage are presented in Fig. 7.

Bone marrow lesions and subchondral cysts

BMLs and subchondral cysts are assessed in regard to size and
relation to percent involvement of volume of specific subregion.
Fig. 11. Labral assessment. A. Coronal PD fs MR image shows intralabral hyperintensity signa
depicted at the anterioresuperior location of labral scoring. C. Sagittal PD fs MR image shows
a multilobulated paralabral cyst (arrows) in contact with a labral tear (not shown) at the su
(arrows). Note also intralabral hyperintensity changes suggestive of mucoid degeneration.
BMLs are defined as ill-defined areas of hyperintensity directly
adjacent to the subchondral plate. Subchondral cysts are well-
demarcated hyperintense lesions usually with a thin sclerotic rim.
Bone marrow alterations within osteophytes are ignored. Examples
of BML and subchondral cyst scoring are shown in Fig. 8.

Both features will be scored from 0 to 3:
0¼ absent
1¼mild: <33% of subregional volume involved
2¼moderate: 33e66% of subregional volume involved
l changes consistent with mucoid degeneration of the labrum (arrow). B. A labral tear is
partial maceration of the anterioresuperior labrum. D. Coronal PD fs MR image depicts
periorelateral acetabular labrum. E. Coronal PD fs MR image shows labral hypertrophy



Fig. 13. Loose intraarticular body. Coronal PD fs MR image shows a large solitary
intraarticular loose body at the medial inferior pouch of the joint (arrows).
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3¼ severe: >66% of subregional volume involved.
Illustrative examples of the different grades of BMLs and cysts

are presented in Fig. 9.

Osteophytes

Osteophytes are assessed at five defined locations. Osteophytes
will be scored from 0 to 4 according to their size. Figure 10 illus-
trates the different osteophytes grades.

0¼Absent
1¼ Equivocal or questionable osteophyte
2¼ Small beak-like definite osteophyte
3¼ Intermediate-size osteophyte
4¼ Proliferative large osteophyte

Labrum

The acetabular labrum is assessed at defined locations in
different imaging planes. Labral pathology will be graded from 0 to
3. Any labral hypertrophy and paralabral cysts will be scored in
addition as present or absent. Examples of labral grading are pre-
sented in Fig. 11.

0¼No signal changes or alterations in morphology
1¼ Intralabral signal alteration
2¼Definite labral tear
3¼ Partial or complete labral maceration

Synovitis

Synovitis is scored according to the thickness of the synovium at
defined locations in the axial and coronal imaging planes whenever
contrast-enhanced sequences are available. Synovitis scoring on
non-enhanced sequences is not possible. As the normal synovium
exhibits thin linear enhancement physiologically, synovial thick-
ness of less than 2 mm is considered as normal. Synovitis will be
scored from 0 to 2 according to the synovial thickness (enhance-
ment). Thickness of 2e4 mm is considered as grade 1, thickness
�4 mm as grade 2 synovitis. Figure 12 shows an example of
Fig. 12. Synovitis assessment. Coronal T1w fat-suppressed contrast-enhanced MR
image shows grade 1 synovitis at the LS (arrows) location and grade 2 synovitis at the
MS (arrowheads) locations. Synovitis is defined as thickened and enhancing synovium
of �2 mm.
moderate synovitis assessed using T1w fat-suppressed contrast-
enhanced MR images.

Other features

Several additional features clinically relevant in the hip OA
disease process are being assessed. These are joint effusion, loose
bodies, attrition, dysplasia, trochanteric bursitis and insertional
tendonitis of the greater trochanter, labral hypertrophy, paralabral
cysts, and herniation pits at the supero-lateral femoral neck.
Fig. 14. Trochanteric tendonitis. T1w fat-suppressed contrast-enhanced MR image
shows peritendinous inflammation depicted as soft tissue enhancement at the
attachment site of the gluteus medius tendon at the greater trochanter (arrowheads).
In addition there is linear enhancement within the tendon reflecting chronic tendin-
opathy (arrows).
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Joint effusion is graded from 0 to 2 on coronal and axial
PD-weighted fsMR images according to capsular distension. On non-
enhanced MR images this parameter will be used as a surrogate for
effusion and synovitis as intraarticular fluid-equivalent hyper-
intensity is a reflection of both. Loose intraarticular bodies are scored
from0 to 3 according to number (Fig.13). Grade 1 reflects presence of
a single loose body, grade 2 of two loose bodies and grade 3 describes
three or more intraarticular loose bodies. Attrition is defined as
flattening of the femoral head/acetabular curvature with presence of
attrition being defined as definite flatting or asphericity of the
femoral heard/acetabular curvature in theweight-bearing part of the
joint.

Dysplasia is defined as undercoverage of the acetabular roof.
Adapted from radiographic measurements a MRI-defined center-
edge angle of less than 25� in the mid-coronal slice was considered
as acetabular dysplasia46,47. Dysplasia is scored as present or absent.
Trochanteric bursitis is assessed on coronal T1w fs contrast-
enhanced MR images as present or absent, and is defined as
fluid-equivalent signal in the trochanteric bursa. Contrast-
enhanced MR images show peripheral bursal thickening and
enhancement. Insertional tendonitis is defined as presence or
absence of diffuse hyperintensity around the attachment site of the
gluteus medius and minimus muscles at the greater trochanter
with or without intratendinous signal changes or adjacent bone
marrow edema (Fig. 14)43. Herniation pits are small paracortical
cyst-like structures at the supero-lateral femoral neck that are
a common finding in hip OA48. These are scored as present or
absent.
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