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Abstract

Objectives. To prospectively investigate whether hip shape variants at baseline are associated with the
need for future total hip replacement (THR) in women and to validate the resulting associated shape
variants of the Cohort Hip and Cohort Knee (CHECK) cohort and the Chingford cohort.

Methods. Female participants from the CHECK cohort without radiographic OA (Kellgren-Lawrence score
<2) at baseline were included (1100 hips); 22 hips had a THR within 5 years of follow-up. For the
Chingford cohort, with only female participants, hips without radiographic OA at baseline were selected
and a nested case-control design was used, with 19 THR cases within 19 years of follow-up and 95
controls matched 5 to 1 for age and BMI. Hip shape on baseline anteroposterior pelvic radiographs was
assessed by statistical shape modelling (SSM) using the same model for both cohorts.

Results. In the CHECK and Chingford cohorts, the respective mean age was 55.8 (s.n. 5.1) and 53.6
(s.p. 5.4) and the BMI was 26.14 (s.n. 4.3) and 25.7 (s.p. 3.3), respectively. Multiple shape variants of the
hip were significantly (P < 0.05) associated with future THR in both the CHECK (modes 4, 11, 15, 17 and
22) and Chingford (modes 2 and 17) cohorts. Mode 17 [odds ratio (OR) 0.51 (95% CI 0.33, 0.80) in the
CHECK cohort], representing a flattened head-neck junction and flat greater trochanter, could be con-
firmed in the Chingford cohort [OR 0.41 (95% CI 0.23, 0.82)]. Modes 4 and 15 of the CHECK cohort also
showed non-significant trends in the Chingford cohort.

Conclusion. Several baseline shape variants are associated with the future need for THR within a cohort.
Despite differences in participant characteristics, radiographic protocol and follow-up time, we could
validate at least one shape variant, suggesting that SSM is reasonably transferable between cohorts.

Key words: hip shape, morphology, osteoarthritis, total hip replacement, validation, radiography, epidemiology,
statistical shape modelling, active shape modelling.

Rheumatology key messages

o Hip shape can predict the future need for total hip replacement in females without definite radiographic OA.
e Some shape variants are consistent in the prediction of OA in two different cohorts.
o Statistical shape modelling can be used as a predictive radiographic biomarker for OA.
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Introduction

OA is a common disease that accounts for a detrimental
impact on quality of life and a considerable economic
burden [1, 2]. Due to the ageing population, the need for
total hip replacement (THR) is expected to grow 174%, to
more than half a million primary THRs per year by 2030 in
the USA alone [3].

Increasing evidence suggests that the shape of the hip
plays a causative role in the development of hip OA and
the subsequent need for THR [4-8]. A cam deformity,
characterized by extra bone formation at the anterolateral
head-neck junction, and acetabular dysplasia are consist-
ently found to be associated with hip OA in prospective
cohort studies [4, 5, 8-10]. Interestingly, because these
shape abnormalities are present before the actual onset
of OA, relatively simple measurements (alpha angle [11,
12], centre-edge angle [13]) can strongly predict the future
risk of THR [4, 5, 14, 15].

Many other non-optimal shape variants might predict the
development of hip OA as well, but these are difficult to
capture with linear measurements (i.e. lengths and angles)
because of the complex overall hip shape. Statistical shape
modelling (SSM) is a technique that recognizes all inde-
pendent shape variants in a given population and describes
them quantitatively. Using this technique, it is possible to
identify shape variants at risk of developing OA without any
predefined hypothesis. SSM has therefore considerably
increased in popularity as a tool to study the association
between hip shape and the risk of OA. As a result, multiple
subtle shape variants of the proximal femur and/or pelvis
have been reported to be associated with OA [6, 7, 16-22].
SSM might therefore be a potential radiographic biomarker
that can be used in research and clinical practice. However,
all published studies on SSM and OA used different shape
models (point sets of the femoral head-neck junction or
entire proximal femur with or without acetabulum), which
makes the results difficult to compare and interpret. Certain
shape variants have been associated with hip OA within a
single cohort, but their generalizability remains unknown.
To this end we have used one identical shape model for
anteroposterior (AP) pelvis radiographs in two cohorts.

The aim of this study was to investigate which shape
variants at baseline in OA-free female hips are associated
with the need for THR at follow-up in two prospective
cohorts [Cohort Hip and Cohort Knee (CHECK) and
Chingford]. Since both cohorts now have an identical
model in our study, a comparison can be made between
the findings of the shape variants in the two cohorts that
are associated with THR at a later time point. Thereby we
can test how consistent the associated shape variants are
for development of OA in various populations.

Methods

Study population

Subjects were selected from two prospective cohorts, the
Dutch CHECK cohort and the UK Chingford cohort.
CHECK is a nationwide multicentre prospective cohort
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study of 1002 individuals aged 45-65 years (mean 55.9)
at baseline with early symptoms of OA (pain) of the hip
and/or knee. They had not yet consulted their general
practitioner for these symptoms or the first consultation
was within 6 months before entry. The CHECK study was
approved by the medical ethics committees of all partici-
pating centres and written informed consent according to
the Declaration of Helsinki was obtained from all partici-
pants. An extensive description of the CHECK cohort can
be found elsewhere [23]. For the current study, only
females in the CHECK cohort were included, to allow
comparison with the Chingford cohort. Of the 1002 indi-
viduals of the CHECK cohort, 791 (79%) were women; of
these, 682 had radiographs available at both baseline and
the 5-year follow-up. Of these 682 women, the first 93
women that entered the cohort had AP hip radiographs
instead of AP pelvis radiographs obtained and were there-
fore excluded, as a different radiographic view might in-
fluence the morphological appearance of the hip joint on
the radiographs. Of the remaining 589 individuals who had
AP pelvis radiographs at both time points, 39 women had
radiographs of insufficient quality to apply the shape
model, most often because the edge of the greater tro-
chanter was missing on the radiographs. Ultimately 550
women (1100 hips) were included. The 241 excluded
women did not differ in baseline age (P=0.75) or BMI
(P=0.69) from the 550 included individuals.

The Chingford cohort is a population-based cohort of
1003 women aged 44-67 years (mean 54.2) at baseline.
These women were registered at a single general practice
in London and were invited to participate in a study
assessing musculoskeletal disease in the population.
The local ethics committee (Outer North East London
Research Ethics Committee) approved the Chingford
cohort and written consent was obtained from each
woman. Yearly clinic visits included morphometric, clin-
ical, biological and radiographic measurements. Subjects
who had radiographs obtained both at baseline and at
the 19-year follow-up were included using a nested
case-control design. To allow comparison with the
CHECK cohort, only women without definite signs of
radiographic OA [Kellgren-Lawrence (KL) score <2] at
baseline were included [24]. This selection resulted in 19
cases who received THR within the 19 years of follow-up.
For each case, 5 control hips were matched based on age
and BMI, resulting in a total of 95 controls. Only one hip
per person was included. When a woman received bilat-
eral THR, the left side was selected.

Radiographs

In the CHECK study, weight-bearing AP pelvis radio-
graphs were obtained from the 11 participating research
centres according to a standardized protocol, taken at
baseline and at the 2- and 5-year follow-ups. The feet
were positioned such that the medial side of the distal
part of the first phalanx touched and a wedge was used
to assure 15° internal rotation. In the Chingford cohort,
each woman had a standardized supine AP pelvis radio-
graph, taken at years 2, 8 and 20. A small sandbag under
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Fia. 1 The point set of the statistical shape model, which consisted of 75 points

the knees was used to minimize hip rotation so that the
hips were in neutral position. In both the CHECK and
Chingford cohorts, baseline AP pelvis radiographs were
graded using an atlas-based scoring method (KL), with
investigators blinded to all clinical and demographic infor-
mation [24, 25]. The KL scores were independent of the
positioning of the SSM point set.

SSM

From the baseline radiographs of the CHECK and
Chingford cohorts, the shape of the proximal femur and
pelvis was outlined using SSM software (ASM tool kit,
Manchester University, Manchester, UK) [26]. The shape
model was created by a set of 75 landmark points that
were manually positioned along the surface of the bone in
the image (Fig. 1). This was done by three investigators
in the CHECK cohort, one of whom also did the point set
in the Chingford cohort. The placement of the points has
previously shown good reproducibility [6]. Each of the 75
points is positioned on the same anatomical landmark
using a standardized manual, allowing for comparison
between shapes. CHECK and Chingford data were com-
bined and principal component analysis was used to
transform the point sets into an SSM. The SSM consists
of a number of modes that together describe the total
variation in shape in the study population. Shape aspects
that are correlated are captured in one mode such that
each single mode represents an independent shape vari-
ant. The mean shape of each mode is quantitatively

www.rheumatology.oxfordjournals.org
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described as zero and the positive or negative deviation
from the mean is expressed as the s.0. The modes of
variation are ordered in descending order of the percent-
age of shape variation explained by that mode of vari-
ation, so that the resulting first few modes contribute
most to the total variation in shape [22]. We retained
enough modes to explain 90% of the total variation in
hip morphology of the included females.

Outcome measure

THR due to OA at follow-up (5 years of follow-up in the
CHECK cohort and 19 years of follow-up in the Chingford
cohort) was used as an outcome measure. THR was con-
firmed for all cases on the follow-up radiographs.

Statistical analysis

Differences between baseline characteristics within a
cohort and between the cohorts were calculated by inde-
pendent samples t-test for normally distributed continu-
ous variables, by chi-squared test for sex and KL score in
the Chingford cohort and by the generalized estimating
equation (GEE) model for KL score in the CHECK cohort
to account for the correlation between the left and right
hips within an individual. To analyse whether a mode of
shape variation was associated with THR in the CHECK
cohort, logistic regression with the GEE was used.
The model was adjusted for age, BMI and baseline KL
score. In the Chingford cohort, these associations were
calculated by conditional logistic regression due to the
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TaeLe 1 Baseline characteristics of the individuals of the CHECK and Chingford cohorts

CHECK

Chingford

All Cases Controls P-value® All Cases Controls P-value?® P-value®

Hips, n 1100 22 1078

Age, mean (s.n.), years 55.8 (5.1) 57.9 (4.3) 55.8 (5.1)
BMI, mean (s.0.), kg/m®  26.1 (4.3) 25.3 (3.5) 26.2 (4.3)

KL grade 0, % 80 27 81
KL grade 1, % 20 73 19

114 19 95
0.06 53.6(5.4) 53.6(5.6) 53.6 (5.4) 1.00 <0.001
0.36 257 (3.3) 258(3.6) 257(3.2) 090  0.26

<0.001 95 100 94 NA <0.001
<0.001 5 0 6 NA <0.001

aDifference between cases and controls. PDifference between all individuals of the CHECK and Chingford cohorts. CHECK:
Cohort Hip and Cohort Knee; KL: Kellgren and Lawrence; NA: not applicable.

matched nature of the data. From these models, odds
ratios (ORs), 95% Cls and P-values were calculated to
describe the strength of the association for each inde-
pendent mode within each cohort. To analyse the validity
of the modes of shape variation for THR as an outcome, a
comparison was made between the findings of the shape
variants in the two cohorts that are associated with THR.
An effect was considered significant at P < 0.05. All stat-
istical analyses were performed in SPSS version 20.0
(IBM, Armonk, NY, USA).

Results

Participants

The baseline characteristics of the CHECK and Chingford
cohorts are presented in Table 1. At baseline, the 550
females (1100 hips) of the CHECK cohort had a mean
age of 55.8 years (range 44-66) and a mean BMI of 26.1
(range 17.5-48.9). Of the 1100 hips, 80% had a KL score
of 0 and 20% had a KL score of 1. Of these hips, 22 had
received THR within the 5-year follow-up period. In the
Chingford cohort, the included 114 females (114 hips)
had a mean age of 53.6 years (range 46-64) and a mean
BMI of 25.7 (range 20.0-37.8) at baseline. The KL score
was 0 in 95% of the hips and 1 in 5% of the hips. Between
the two cohorts there were significant differences in base-
line age (55.8 years in CHECK vs 53.6 in Chingford,
P <0.001) and baseline KL=1 score (20% in CHECK vs
5% in Chingford, P <0.001), but no difference in mean
BMI was found (26.1 in CHECK vs 25.7 in Chingford,
P=0.26).

Baseline modes associated with THR at follow-up

A total of 24 modes were extracted from the SSM, which
together explained 90% of the total variation in shape that
exists in the CHECK and Chingford cohorts together. The
association between all baseline modes and THR at
follow-up is presented in Table 2, including the ORs,
95% Cls and corresponding P-values. Five modes of
shape variation had a significant positive (+) or negative
(—) association with THR at follow-up in the CHECK
cohort [mode 4 (-), 11 (+), 15 (+), 17 (-) and 22 (+)] and
two in the Chingford cohort [mode 2 (+) and 17 (—)] (Fig. 2).
Negative values of mode 17, representing a flattened
head-neck junction, a flat major trochanter and a
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prominent acetabular posterior wall, was associated with
future THR in both the CHECK and Chingford cohorts (Fig.
2). Moreover, negative values of mode 4 and positive
values of mode 15, which were significantly associated
with future THR in the CHECK cohort, had the same
effect in the prediction of THR in the Chingford cohort,
although not statistically significant (P=0.27 and
P =0.16, respectively). For examples of radiographs with
the highest positive and negative values of modes 4,
15 and 17, see supplementary Fig. S1, available at
Rheumatology Online.

Discussion

Multiple shape aspects of the hip as quantified by SSM
have previously been shown to be associated with or even
predictive of radiographic OA [7, 17-19], clinical criteria of
OA [6, 19] and THR [6, 7, 16]. However, because of the
application of different shape models (different point sets),
it is difficult to compare results between studies.
Consequently the generalizability of the resulting modes
of shape variation is limited to the characteristics of each
specific cohort and therefore the validity in the prediction
of OA is unknown. In this study we showed in two pro-
spective cohorts that several shape aspects in female
hips without definite features of radiographic OA at base-
line were significantly associated with the need for THR at
follow-up within each cohort. One shape aspect was
associated with THR in both the CHECK and Chingford
cohorts. This specific shape variant—describing a flat-
tened head—neck junction together with a flat major tro-
chanter and a prominent acetabular posterior wall—might
be a generalizable shape aspect in the prediction of THR
in women, regardless of other factors including cohort
characteristics, follow-up time and radiographic protocol.
In contrast, other shape variants found to be associated
with THR might be co-dependent on those or other factors.

Gregory et al. [7] were the first to quantify hip shape by
SSM in order to study its relationship with OA in a
case-control design [7]. Their point set of the shape
model involved the femoral head and neck (but excluded
the acetabulum) and was applied to 110 subjects (without
radiographic OA) from the Rotterdam study at baseline
and the 6-year follow-up. One shape variant that they
identified that could significantly predict OA at follow-up
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TasLe 2 The strength of association between all modes at baseline and THR at follow-up?®

CHECK

aOR (95% Cl)

MO 0.799 (0.519, 1.232) 0.310
M1 1.181 (0.671, 2.077) 0.564
M2 0.823 (0.530, 1.279) 0.388
M3 1.029 (0.732, 1.445) 0.871
M4 0.375 (0.204, 0.690) 0.002
M5 0.893 (0.567, 1.406) 0.624
M6 1.311 (0.888, 1.935) 0.174
M7 0.937 (0.578, 1.520) 0.793
M8 1.441 (0.935, 2.220) 0.098
M9 1.139 (0.724, 1.793) 0.573
M10 1.280 (0.899, 1.822) 0.170
M11 2.179 (1.229, 3.863) 0.008
M12 0.769 (0.484, 1.222) 0.266
M13 1.439 (0.874, 2.371) 0.153
M14 0.783 (0.534, 1.148) 0.211
M15 1.657 (1.024, 2.681) 0.040
M16 0.808 (0.500, 1.307) 0.386
M17 0.513 (0.330, 0.797) 0.003
M18 1.153 (0.705, 1.885) 0.571
M19 1.095 (0.662, 1.810) 0.723
M20 1.275 (0.823, 1.976) 0.277
M21 1.172 (0.805, 1.707) 0.408
M22 1.897 (1.294, 2.783) 0.001
M23 0.928 (0.557, 1.546) 0.775

Chingford

OR (95% Cl)

MO 0.909 (0.554, 1.492) 0.705
M1 0.890 (0.494, 1.603) 0.697
M2 1.607 (1.017, 2.539) 0.042
M3 1.088 (0.651, 1.816) 0.748
M4 0.710 (0.387, 1.304) 0.270
M5 1.013 (0.619, 1.658) 0.959
M6 1.298 (0.784, 2.151) 0.311
M7 1.026 (0.623, 1.690) 0.921
M8 1.688 (0.999, 2.853) 0.051
M9 0.739 (0.449, 1.216) 0.234
M10 1.347 (0.823, 2.206) 0.236
M11 1.062 (0.632, 1.786) 0.820
M12 1.060 (0.618, 1.819) 0.832
M13 1.257 (0.679, 2.328) 0.467
M14 0.768 (0.481, 1.226) 0.268
M15 1.368 (0.884, 2.118) 0.160
M16 0.875 (0.538, 1.422) 0.590
M17 0.413 (0.228, 0.816) 0.010
M18 0.950 (0.566, 1.597) 0.847
M19 0.987 (0.548, 1.775) 0.964
M20 0.703 (0.420, 1.176) 0.180
M21 0.818 (0.472, 1.417) 0.473
M22 0.902 (0.562, 1.448) 0.670
M23 1.043 (0.649, 1.675) 0.862

@5 years in the CHECK cohort and 19 years in the Chingford cohort. The statistically significant modes (P < 0.05) are high-
lighted in bold. aOR corrected for age, BMI and KL grade at baseline. The presented ORs represent every increase in 1 s.p. of
that specific mode. aOR: adjusted odds ratio; CHECK: Cohort Hip and Cohort Knee; KL: Kellgren and Lawrence; OR: odds

ratio; THR: total hip replacement.

represented a less pronounced curve from the upper fem-
oral neck into the head, indicated by negative values of
this variant. This association was even more pronounced
in the OA cases who had received THR. The variant values
also decreased significantly over time in the OA group,
highlighting the importance of studying predictive shape
aspects before the actual onset of radiographic OA.
Furthermore, another variant they identified could predict
the need for THR but not the development of radiographic
OA, suggesting that baseline shape aspects may predict
disease severity [7].

The finding that hip shape was associated with the
future risk of THR was further supported by other studies.
Previous research in the CHECK cohort for both men and
women showed five modes predictive of future THR in
baseline radiographic-free hips (KL score <2) [6]. The pre-
dictive modes primarily described a broad and short fem-
oral neck and a retroverted acetabulum together with a
non-spherical femoral head. In the Rotterdam study, es-
pecially shape variants related to the superior head-neck
junction and the shape of the acetabular socket were sig-
nificantly associated with the development of OA [27].
Waarsing et al. [19] also found various shape aspects
associated with OA that were in line with our findings
of mode 17, such as a smaller greater trochanter and a
cam-shaped femoral head. It is difficult to speculate on

www.rheumatology.oxfordjournals.org

the mechanism by which these shape aspects lead to OA.
A small greater trochanter clearly does not have a direct
intra-articular effect. A cam-shaped femoral head can
cause OA by the mechanism of cam impingement, al-
though the non-spherical femoral head of mode 17 is
rather subtle, in contrast to the more pronounced non-
spherical femoral head of mode 4. In a retrospective
study of patients who presented with hip pain, Barr
et al. [16] found one mode of shape variation was signifi-
cantly associated with THR 5 years later when adjusted
for baseline KL score. Subtle shape variations as quanti-
fied by SSM have therefore been suggested as a potential
radiographic biomarker to predict the future risk of OA.
But again, all studies on SSM and OA have used different
shape models, so the resulting predictive modes of shape
variation cannot be directly compared.

Our results are in line with previously published articles
showing that certain shape variants of the hip can predict
the risk of a THR within a cohort. More importantly, how-
ever, we found that one shape variant was predictive for a
THR in both the CHECK and Chingford cohorts. There are
several explanations for the fact that not all predictive
shape variants of the CHECK cohort could be validated in
the Chingford cohort, including differences in follow-up
time, radiographic protocol and participant characteristics.
First, there was a difference in follow-up time between the
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Fic. 2 Modes significantly predictive of THR are shown

Cohort in which the
-3SD +3 SD mode is associated
with THR

Mode 2

L.
v v v g Chingford
O . O

Length and thickness of femoral neck

Mode 4

THR b=
N % %

Cam shape/sphericity femoral head
& acetabular depth

Mode 11

- -

Size of femoral head
& greater trochanter

Mode 15

L-\
THR

”D "'D "'D CHECK
Orientation of pelvis
& greater trochanter

Mode 17

L

v JHE v v CHECK and

D D O Chingford

Concavity superior head-neck junction
& greater trochanter & posterior wall

Mode 22

% = THR
% % N

Concavity superior head-neck juncfion

The odds ratios presented in Table 2 represent every increase in s.p., but for clarity the —3 s.p. (left column) and +3 s.p.
(right column) from the mean (middle column) are presented. The extremes that are associated with THR are indicated in
boxes. THR: total hip replacement.
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two cohorts, and the pathophysiology of fast-progressing
OA (THR within 5 years in the CHECK cohort) might be
different from slow-progressing OA (THR within 19 years
in Chingford). This is supported by a study showing that
the predictive value of hip shape and other risk factors at
baseline decreased when using a longer follow-up time
[27]. An example is a cam deformity that results in fast-
progressing hip OA [4], which will be detected at 5 years
but is less likely to be detected at 19 years of follow-up, as
other factors may dilute the predictability of a cam deform-
ity. Lower values of mode 4, representing a non-spherical
femoral head (together with a shallow acetabulum), and
higher values of mode 15 might be modes that are more
strongly associated with fast-progressing OA (Fig. 2).
Though not as strong as in the CHECK cohort, the predict-
ive effect of these modes was still present in the Chingford
cohort, though not statistically significant (P=0.27 for mode
4 and P=0.16 for mode 15). Second, the radiographic
protocol was different between the two cohorts: in the
CHECK cohort, AP pelvic weight-bearing radiographic
views with 15° internal hip rotation were obtained, while in
the Chingford cohort, AP pelvic supine radiographs were
obtained in neutral position. The differences between the
amount of hip rotation and differences in position (the stand-
ing position may influence pelvic inclination) can affect how
the outline of the bone, and thus hip shape, appears on the
radiograph. Third, although no difference in BMI was found
between the cohorts and the significant difference of 2.2
years in baseline mean age is probably negligible, differ-
ences in other participant characteristics might play a role.
In the CHECK cohort there is a larger proportion of females
presenting with hip and/or knee pain (as first onset of knee
and/or hip pain was an inclusion criterion), whereas
Chingford women were recruited from the general popula-
tion. This difference might influence the association between
hip shape and OA. Furthermore, there might be other (un-
known) differences between the two cohorts, for example,
genetics, which is known to affect both hip shape and the
relationship between hip shape and OA [20, 21].

It is not known whether the shape variants found to be
associated with OA are causative factors for OA or
whether they represent early changes in bone morphology
as a result of OA. As the shape variants of our model
describe the overall hip shape, it is unlikely to be a
result of the OA process. Furthermore, most modes asso-
ciated with THR show some variation in the head-neck
junction, which might reflect different subtypes of cam
deformity, resulting in OA by a motion-dependent process
of cam impingement [28]. Interestingly, a cam deformity is
known to be highly associated with OA and develops
during growth, probably as a bone adaptation to high-
impact athletic activities [14, 15, 29]. It is not known
whether other predictive shape variants are also present
before the onset of OA.

Several potential limitations of this study need to be
acknowledged. First, we only included females and thus
the results of this study might be different for males, as
there might be a gender difference in how much hip shape
contributes to the prediction of OA and also the predictive

www.rheumatology.oxfordjournals.org

shape variants might be different between males and fe-
males [18]. Second, the rotation of bones might influence
the projected radiographic shape, which was minimized
by the use of a standardized radiographic protocol. Third,
THR is a surrogate measure for OA; as it is a surgical end-
point, questions might arise about accessibility to health
care and THR. In this study, all THRs were a result of OA, a
THR was confirmed on follow-up radiographs and THR is a
validated and clinically relevant outcome measure [30].
Further, four of the five modes that associated with THR
in the CHECK cohort (modes 4, 11, 15 and 17) were also
significantly associated with radiographic OA (KL score
>2, n=41) at follow-up. Also, both the Netherlands and
the UK have a public health system in which all people
have equal access to THR. Moreover, the definitions of
radiographic OA and clinical OA also have their [6].

Predictive shape variants might be dependent on many
factors, including follow-up time, inclusion criteria of the
cohort and radiographic protocol. Despite the differences
in these factors between the two cohorts, we could valid-
ate one mode (mode 17), while two modes (modes 4 and
15) that were significantly associated with THR in the
CHECK cohort showed trends in the same direction in
the Chingford cohort, although not statistically significant.
Therefore SSM might be a useful tool as a radiographic
biomarker. For this purpose the manual positioning of
landmark points is labour intensive, but recently de-
veloped fully automatic shape modelling software might
provide future opportunities [31].

In conclusion, we found several shape variants that
were associated with the future need for THR within a
cohort and one shape variant in the CHECK cohort that
could be validated in the Chingford cohort. Despite differ-
ences in participant characteristics, radiographic protocol
and follow-up time, SSM as a predictive radiographic bio-
marker for THR was reasonably transferable between
cohorts.
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Clinical vignette

Ultrasound is a useful adjunct in diagnosis
of eosinophilic fasciitis

This 28-year-old male presented with progressive skin tighten-
ing and limited joint mobility for 11 months, involving legs up to
mid-shin and forearms up to elbows, preceded by painless
swelling involving affected regions, sparing fingers and toes.
Systemic features were absent. There was peripheral eosino-
philia (leucocytes: 11 600/ul, eosinophils 52%, absolute eo-
sinophil count: 6032/ul), raised acute-phase reactants and
hypergammaglobulinaemia. Nail-fold capillaroscopy was
non-contributory. RP, digital ulcers, dysphagia, reflux and
pulmonary arterial hypertension were absent. ANA was posi-
tive, and Scl70 and anticentromere antibodies were negative.
High-resolution US of legs (Fig. 1A and C) using an 18-MHz
linear array transducer showed thickening and altered echoin-
tensities afflicting the fascia, alongside deranged echotexture
of subcutaneous fat (Fig. 1B is from a healthy person for com-
parison). MRI of legs (Fig. 1D) showed thickening of fascia,
along with increased contrast enhancement of the myofascial
plane, corroborating US findings. He was diagnosed as having
eosinophilic fasciitis (EF) and put on prednisolone.

Apart from histology, MRl is also useful for the diagnosis of
EF [1]. The role of US elastography has been studied in
scleroderma, and has demonstrated reduction of strain in
the dermis of the forearm due to loss of elasticity [2]. Here

Rheumatology 2015;54:2041
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we present a case of EF characterized ultrasonographically
with MRI corroboration.
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Fic. 1 US and MRI image of leg of the patient and control subject

(A) and (C) Ultrasonography of legs (A from right leg and C from left leg) showing thickened fascia of the patient (the double-
headed arrow shows the thickness of the fascia with measurements embedded). (B) Ultrasonography of leg of a normal
person (the double-headed arrow shows the normal thickness of fascia with measurements). (D) T1 post contrast MRI image
of the patient’s leg, showing thickening and contrast enhancement of the fascial plane (arrows showing thickened fascia).
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