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ABSTRACT
Objective. To assess the repeatability
and reproducibility of ultrasonographic
measurements at the anterior surface of
the femoral neck and iliofemoral liga -
ment and on a human tissue-mimicking
phantom.
Methods. Two independent investiga -
tors studied 22 consecutive hips. One
investigator had previous experience in
musculoskeletal ultrasonography (US).
The other investigator had undergone a
short course in hip sonography (only 3
hours). Both investigators were blinded
to their own and each other’s results.
On the phantom both observe rs had
taken 10 vertical measurements at 6 cm
deep where two objects were placed at
2 cm from each other. Calculation of
measurement errors, percent errors and
the Bland-Altman graphic tech n i q u e
were used for analysis of data.
R e s u l t s . After 132 ex a m i n ations the
first investigator’s within-subject stan -
dard deviation was 0.4 mm. The intra -
observer error was 4.75%. The second
i nve s t i gat o r ’s within-subject standard
deviation was 0.6 mm and his intra -
observer error was 7.00%. The inter -
observer error was 10.91%. After 20
phantom examinations the first investi -
gators’s intraobserver error was 1.11%
and the second investigator’s intraob -
server error was 1.47%.
Conclusion. An inexperienced muscu -
loskeletal sonographer can achieve an
acceptable performance if given appro -
priate training. 

Introduction
It is a common view that one of the
major disadvantages of musculoskele-
tal ultrasound (US) is operator-depen-
d e n cy (1-8). In mu s c u l o s keletal US
i m aging the images ge n e rated are
mainly qualitative and agreement has to
be reached by different observers as to
the presence or absence of pathological
signs or disease. If quantitative mea-
surements are required, then intra- and
i n t e ro b s e rver erro rs become more
i m p o rtant. We have there fo re deter-
mined the magnitude of inter- and
intraobserver errors using US imaging
for the measurement of the distance
between the iliofemoral ligament and
the femoral neck in 22 hip joints from

an unselected group of normal controls
and patients with infl a m m at o ry joint
disease. Individuals with a history of
p revious hip surge ry we re ex cl u d e d
f rom the study. The hip joint wa s
selected for the following reasons:
1. The hip is a deep joint and not easy
to palpate. Hip joint effusions are not
easily detected by clinical examination.
However the iliofemoral ligament and
the neck of the femur are easily identi-
fied on US imaging.
2. There is an extensive literature de-
s c ribing the US ap p e a rances of the
anterior hip joint recess in health and
disease, but only one non-blind study
c a l c u l ated intra- and intero b s e rve r
errors (9).
In add i t i o n , an assessment of intra-
observer error was measured using a
phantom containing two wires at 4 and
6 cm deep from the surface and mea-
suring the vertical depth between these
wires. 

Materials and methods
Two independent investigators studied
22 hips. One investigator (PVB) had
previous experience in musculoskeletal
ultrasonography (US). The other inves-
tigator (RDS) had undergone a short
c o u rse in hip sonograp hy (only 3
hours). Each hip was studied with an
ATL (Advanced Technology Laborato-
ri e s , B o t h e l l , Washington,USA) HDI
(High Definition Imaging) 3000 ultra-
sound machine with a linear (L) 7-4
MHz 38-mm footprint probe and mus-
culoskeletal software. US imaging was
performed in the oblique sagittal plane
from an anterior approach with the sub-
ject in a supine position with the
straight leg in slight external rotation
(Fig 1). Normal anatomical reference
l a n d m a rks we re established (head of
the fe mu r, n e ck of the fe mu r, i l i o-
femoral ligament). The femoral neck-
iliofemoral ligament distance was mea-
sured in triplicate in quick succession
( Fig 2). Befo re each measurement a
new image was generated and the mea-
surements taken.
Using the phantom (Gammex RMI
403GS, Middleton,WI, USA) both ob-
servers took 10 vertical measurements
at a depth of 6 cm where two wires
were placed at 2 cm from each other
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Fig. 1. Picture showing the standard position of
the probe for US imaging of the hip.

Fig. 2. Hip ultrasound image. The crosses indi-
cate the position of the iliofemoral ligament and
the femoral neck. H: femoral head, N: femoral
neck, L: iliofemoral ligament, I: iliopsoas mus-
cle, S: skin, PR: proximal end of probe, DI: dis-
tal end of probe

Fig. 3. Phantom. The crosses mark the position
of the wire markers and the dotted line is the dis-
tance between the two markers.
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(Fig.3). Again both investigators were
blinded to their own and each other’s
results. Each observer’s measurement
errors were calculated with within-sub-
ject standard deviations. A plot diagram
was used to show that the observer’s
standard deviations were unrelated to
the magnitude of the measure m e n t
(10). Correlation coefficients were used
to assess the linear relation of the two
sets of mean measurements betwe e n
the two observers. We used the Bland-
Altman graphic technique to assess the
agreement between two observers (11).
Phantom measurements were analysed
as a percentage of deviation from the
known true value.

Results
A total of 152 images were recorded
and every image was readable.
To obtain the common within-subject
standard deviation (sw) we averaged the
variances and the squares of standard
deviations. The first investigator’s (sw)
was 0.4 mm. A plot diagram was used
to prove that the subject’s standard
deviations are unrelated to the magni-
tude of the measurement of iliofemoral
ligament (Fig. 4). The difference be-
tween measurements for the same sub-
ject is expected to be less than 2.77 sw

for 95% of pair measurements. Figure 5
s h ows the diffe rences against their
means. Intraobserver error was also ex-
pressed with discrepancies from their
means in percentages. The difference of
the higher value and the lower value
divided by the lower value multiplied
by 100 gives the individual perc e n t
error. The mean of these individual val-
ues over all 22 cases gives the final
result. In this case the intra o b s e rve r
error was 4.75%. 
The second investigator’s (sw) was 0.6
mm. Figure 4 shows on a plot diagram
t h at the subject’s standard dev i at i o n s
are again unrelated to the magnitude of
the measurement.
Figure 5 shows the differences against
their means. Intra o b s e rver error wa s
also expressed in percentage of devia-
tion from the means. In this case the
intraobserver error was 7.00%. For cal-
c u l ating the intero b s e rver error both
investigators’ mean values were used.
The corre l ation coefficient was also

Fig. 4. A plot of the standard deviation of the observers measurement of iliofemoral thickness against
the mean of the triplicate values for each hip.

Fig. 5. Intraobserver comparisons: This shows the difference between the triplicate measurements of
each hip plotted against the mean value obtained at each hip examination for the two observers.

Fig. 6. Interobserver comparison of iliofemoral thickness. A plot of the difference between the
observers mean thickness measurements against the overall mean thickness for the two observers
(Bland-Altman plot).
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c a l c u l ated and there was a re l at i o n
b e t ween the values (r = 0.89). Th e
agreement between the two observers
was measured with the Bland-Altman
method (Fi g. 6). The intero b s e rve r
error was 10.91%. Both investigators
we re tested bl i n d ly on the phantom
object and the first investigator’s aver-
age depth was 19.78 mm, S.D. 0.15
mm. Percent error was 1.11%. The sec-
ond inve s t i gat o r ’s ave rage depth wa s
19.71 mm, S.D. 0.17 mm. The percent
error was 1.47%.

Discussion
In this study every US image obtained
was of acceptable quality. With well-
defined anatomical landmarks and with
pre-determined criteria the interobserv-
er variation between the two observers
was acceptable. However, for US of the
hip measurements we re taken in the
sagittal plane only, as this is the stan-
dard approach for hip US. Most US
imaging is performed in two different
p l a n e s , wh i ch might lead to gre at e r
interobserver er rors at the same depth.
None of the patients studied weighed
more than 90 kg and it is well known
t h at US imaging of the hip is more
unreliable in obese subjects and there-
fore more likely to increase the possi-
bility of intero b s e rver va ri ation. Th e

positioning of US probes is critical in
obtaining an interp re t able US image
and a slight alteration in the angle of
the probe in relation to the skin surface
or a variation in the amount of gel used
can greatly distort the image obtained
and increase the occurrence of art e-
facts. Musculoskeletal US is now be-
coming a tool incre a s i n g ly used by
rheumatologists (12-15) most of whom
have had no formal training in imaging
t e chniques. This study demonstrat e s
that a rheumatologist with experience
of US imaging can train a novice with-
in a relatively short space of time to
produce acceptable images of the hip
and with relatively small interobserver
va ri ation. Further studies will be
required to assess whether this is possi-
ble for more complex joints such as the
shoulder.
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