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Abstract
Objective
There is growing interest in ultrasound (US) as an outcome measure in IBM. Our study aimed to determine the ability
of B mode US and power Doppler (PD) to detect changes in affected muscles over time and if US domains correlate
with disease progression.

Methods
Participants attended on four occasions over a median follow-up period of 26 months. All completed a patient
self-reported health assessment questionnaire (HAQ), patient visual analogue scale (pVAS), manual muscle testing
(MMT), and US (fascial thickness-FT, muscle bulk, echogenicity, and PD) on deltoid and vastus lateralis (VL)
muscles at each visit.

Results
This longitudinal observational study had 35 participants: 21 (60%) males, median age 70 (IQR (64-76), and the
majority (85.7%) not on immunosuppression. When analysed for sex differences at baseline, males had lower FT-VL
(p=0.018) and higher muscle bulk (p=0.002) than females. Only FT-deltoid (p<0.001) increased significantly over
time with follow-up. When participants were stratified into progressors and non-progressors, FT at baseline was
lower in progressors (0.06 vs. 0.09, p=0.017), who were predominantly male. There were no significant differences
in other US domains.

Conclusion
Our study highlights previously unreported sex differences in US findings in IBM. Certain US domains, such as FT,
showed measurable changes over time and correlated with disease progression. However, further studies with longer
Sfollow-up periods and larger patient cohorts will need to be performed to determine whether B mode US could be a
useful disease outcome measure for therapeutic trials.
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Introduction

Inclusion body myositis (IBM) is a
distinct subtype of idiopathic inflam-
matory myopathy (IIM) that most com-
monly affects individuals over 50 and
is characterised by a selective pattern
of involvement of proximal and distal
limb muscles (1, 2). While much debate
surrounds whether IBM is primarily an
autoimmune muscle disease or an age-
related degenerative myopathy with
secondary muscle inflammation (1),
its refractory nature to treatment sets it
apart from the other IIM subtypes. As a
result, IBM is generally not treated with
conventional immunosuppression, and
the natural history of the disease is of
continued relentless progression over
time (2). However, novel therapies are
currently being explored.

Of late, there has been growing inter-
est in identifying predictors of disease
progression in IBM, which may be help-
ful in both the clinical trial and practice
settings. A recent paper described three
distinct trajectory groups that could aid
with prognostication and stratification
of cases in future IBM clinical trials
(3). Other factors that could influence
the clinical course and need to be taken
into consideration, include age-at-onset
and gender. For example, in one study,
women were more affected by muscle
unloading, resulting in reduced muscle
strength (4).

In contrast to other subtypes of IIM,
IBM is known to preferentially affect
specific muscle groups, namely flexor
digitorum profundus (FDP), quadriceps
femoris, tibialis anterior and medial
gastrocnemius (1). Recent research has
found that the ultrasound (US) finding
of increased echogenicity in the FDP
relative to flexor carpi ulnaris (FCU)
is specific to IBM, suggesting US may
have some diagnostic utility (5, 6). To
date, there have not been any prospec-
tive studies assessing US changes longi-
tudinally in IBM.

The aims of the present follow-up
study of an Australian IBM patient co-
hort were to determine: (i) whether US
has the discriminant capacity to detect
changes in clinically affected muscles
over time and which US domains are
most discriminating; (ii) whether there
are any sex differences in US changes

in affected muscles and in disease pro-
gression; and iii) which US domains
correlate best with disease progression.

Materials and methods

A prospective longitudinal single-centre
study was conducted from June 2019 to
January 2022. Patients were recruited
if they were >18 years of age and had
a diagnosis of IBM in accordance with
the 2013 ENMC diagnostic criteria (7).
Eligible patients were followed up for
a maximum of 4 visits at ~3—10-month
intervals. The median follow-up pe-
riod was 26 months (IQR: 21-35). Eth-
ics approvals were obtained through
South Metropolitan Health (EC00265)
(RGS0000003714). Participants (>18
years) were those eligible to give written
consent and fulfilled the ENMC 2013
diagnostic criteria for sporadic IBM (7).

Clinical assessment

At each visit, all participants completed
the patient self-reported health assess-
ment questionnaire (HAQ) and patient
visual analogue scale (pVAS). These
are partially validated tools on patient-
reported outcomes to assess disease
activity. All patients had manual mus-
cle testing (MMT) on the right vastus
lateralis (VL) and left deltoid (maxi-
mum score 10) as well as MMTS8 and
MMT?26, which are the sum of scores
for 8 muscles (maximum: 80) and 26
muscles (maximum: 160) respectively
(8). Participants were dichotomised
into two groups based on whether they
progressed from their baseline visit.
Participants who progressed had wors-
ening MMT-VL from baseline.

Imaging assessment

B mode ultrasound. Patients were ad-
vised to refrain from performing rec-
reational exercise on the day or the
day before these studies. This was to
prevent potential influences on the US
domains such as PD.

B mode US was conducted using a Sie-
mens Acuson S3000 with 7S0PRF and
a linear probe set at 14MHZ. All pa-
tients underwent US of the left deltoid,
left flexor digitorum longus (FDP), left
flexor carpi ulnaris (FCU) and right
vastus lateralis (VL). The US settings
and muscle studied were kept consist-
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Table I. Demographics of participants at baseline visit in the whole cohort and accounting for sex differences in patients with IBM.

Demographics

Median (IQR/%)

Whole cohort (n=35)

Median (IQR/%)
Males (n=21)

Median (IQR/%)
Females (n=14)

p-value (Chi square)
(differences between sex)

Age 70 (IQR: 64-76) 70.00 (IQR:65.00-78.00) 69.50 (IQR: 62.00-72.00) 0.241
Duration since diagnosis

¢ 6-12 months 1 (2.9%) 1.00 (4.8%) 0.00 (0.00%) 0915
e 1-5years 8 (22.9%) 6.00 (28.6) 2.00 (14.3%)

* >5years 18 (51.4%) 11.00 (52.4%) 7.00 (50.0%)
Immunosuppression

* Yes 5 (14.3%) 4.00 (19.0%) 1.00 (7.1%) 0.339
* No 30 (85.7%) 17.00 (81.0%) 13.00 (92.9%)
Patient VAS/cm 4.5 (IQR: 2.1-6.00) 5.00 (IQR:2.00-6.10) 4.05 (IQR:2.15-5.85) 0418
HAQ 0.65 (IQR:0.34-1.38) 0.85 (IQR: 0.40-1.45) 043 (IQR:0.25-1.38) 0.247
MMT deltoid/10 10.00 (10.00-10.00) 10.00 (IQR: 10.00-10.00) 10.00 (IQR: 9.00-10.00) 0.868
MMT vastus lateralis/10 8.00 (3.00-9.00) 6.00 (IQR:3.00-8.50) 8.00 (IQR: 6.50-9.00) 0.064*

IBM: inclusion body myositis; HAQ: health care questionnaire; MMT: manual muscle testing; VAS: visual analogue scale; CK: creatine kinase.

*p-value <0.1: interesting result.

Table II. Demographics of US domains at baseline visit in the whole cohort and accounting for sex differences in patients with IBM.

Ultrasound domains Median (IQR) Median (IQR) Median (IQR) Sex differences
Whole cohort (n=35) Males (n=21) Females (n=14) p-value (chi square)
FT D/mm 0.07 (IQR: 0.06-0.08) 0.08 (IQR: 0.06-0.085) 0.10 (IQR:0.07-0.12) 0919
FT VL/mm 0.07 (0.06-0.11) 0.07 (IQR: 0.05-0.09) 0.10 (IQR:0.07-0.12) 0.018*
Muscle bulk D/cm 1.64 (IQR: 1.43-2.06) 1.86 (IQR: 1.59-2.13) 1.44 (IQR: 1.16-1.74) 0.002*
Muscle bulk VL/cm 0.75 (IQR: 0.60-1.05) 0.78 (IQR:0.51-1.02) 0.74 (IQR: 0.68-1.08) 0.722
Echogenicity D/1-4 2.00 (1.00-2.00) 1.50 (IQR: 1.00-2.00) 2.00 (IQR: 1.00-2.00) 0.532
Echogenicity VL/1-4 3.00 (3.00-3.00) 3.00 (IQR: 3.00-3.00) 3.00 (IQR: 3.00-3.00) 0.921
FDP/FCU ratio 1.50 (1.00-2.00) 1.50 (IQR: 1.00-2.00) 1.75 (IQR: 1.00-2.25) 0.450
PD D/0-4 0.00 (0.00-1.00) 0.00 (IQR: 0.00-1.00) 1.00 (IQR: 0.00-1.25) 0.408
PD VL/0-4 0.00 (0.00-0.00) 0.00 (IQR: 0.00-0.00) 0.00 (IQR: 0.00-0.00) 0.891

US: ultrasound; HAQ: health care questionnaire; MMT: manual muscle testing; D: deltoid; VL: vastus lateralis; VAS: visual analogue scale; CK: creatinine
kinase. *p-value <0.05: statistically significant result.

ent throughout the study. The FDP and
VL are two of IBM’s most severely af-
fected muscles (9), whereas the deltoid
and FCU are less severely affected and
serve as comparator muscles (1).

The deltoid was scanned at a point one-
third of the distance from the acromion
to the lateral epicondyle with the arm
resting on a pillow, flexed in a 90° po-
sition (10). The vastus lateralis was
scanned at a distance the distal three-
quarters of the distance from the anteri-
or superior iliac spine to the upper bor-
der of the patella, with the knee extend-
ed on the bed. Two images were taken
in transverse and longitudinal views of
the deltoid and VL. In the transverse
view, an attempt was made to visual-
ise the bone echo. The FDP and FCU
were scanned 5 cm from the olecranon
process, with the elbow flexed over a
pillow. Two images were taken in both
transverse and longitudinal views.

In B mode US, the domains scored were
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fascial thickness (FT), muscle bulk and
echogenicity. The FT provides a meas-
ure of the connective tissue sheaths that
envelop each muscle and was measured
in millimetres using a calliper function
in a homogenous fascia area (11). Three
readings were obtained, each at least
0.25 cm apart, and averaged.

Muscle bulk was measured vertically
from the superficial to the deep fascia
(Fig. 1,2). A semi-quantitative grading
of echogenicity was assigned to each
muscle group using the widely used
Heckmatt visual grading score. De-
pending on the visual representation of
the number of echoes displayed in the
greyscale image using cortical bone as
the visual anchor, a 1-4 grade is given,
with one being normal and four mark-
edly hyperechoic (12).

Power Doppler. Power Doppler (PD)
was assessed at rest in both the trans-
verse and longitudinal planes. A modi-

fied semi-quantitative PD grading scale
of 0—4 (13) was used, and the highest PD
score was taken as the overall score for
each muscle. The higher the PD score,
the higher the vascularity (10, 11).

Statistical analysis

Statistical analyses were computed
through SPSS v. 27. Mean (M), stand-
ard deviation (SD), median (Mdn) and
interquartile ranges (IQR) were used for
continuous data. Categorical data were
presented using frequency and percent
(%). US domains were compared at
each visit (longitudinal) using the me-
dian values and reported descriptively.
Due to the relatively small numbers, the
data has been reported descriptively to
highlight interesting trends rather than
emphasising p-values.

Nevertheless, the comparisons between
groups were made using Pearson’s chi-
square. Pearson’s correlation coefficient
(r) was used to show the relationship
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Fig. 1. Contrasting echogenicity in the FDP to FCU muscle in a patient with inclusion body myositis.

A: Normal FDP and FCU muscle in cross section. B: Hyperechoic FDP compared to the FCU muscle in a patient with inclusion body myositis.
The callipers (yellow) in image (B) denotes the superficial fascia measurement of the FDP muscle.
FDP: flexor digitorum profundus; FCU: flexor carpi ulnaris.

Fig. 2. Hyperechoeic vastus lateralis and vastus intermedius in a patient with inclusion body myositis.

C: The vastus lateralis and vastus intermedius in cross section. D: The vastus lateralis and vastus intermedius in longitudinal view.

The arrowheads (orange) show the measurement of the superficial fascia. The arrow (yellow) outlines the vastus lateralis and arrow (green) the vastus inter-
medius with partial loss of bone echo, which would be in keeping with grade 3 in accordance with the Heckmatt visual grading scale.

between US domains at baseline and
clinical outcome measures at the final
examination. One-way ANOVA was
used to determine changes over time.

Results

Clinical parameters at baseline
Baseline clinical parameters data are
presented in Table I. This observa-
tional study involved 35 participants,
21(60%) males and 14 (40%) females.
The majority (n=30, 85.7%) were not
on immunosuppression.

At the baseline visit, participants had
a median age of 70 (IQR: 64-76), me-
dian patient VAS score of 4.5 (IQR:
2.1-6.00), median HAQ of 0.65 (IQR:
0.34-1.38), median MMT deltoid of
10.00 (IQR: 10.00-10.00) and MMT
VL of 8.00 (IQR:3.00-9.00).
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When data was analysed for sex differ-
ences at the baseline visit, the differ-
ences between age, treatment, patient
VAS, HAQ, MMT deltoid and vastus
lateralis between males and females
were not statistically significant. How-
ever, males reported a higher HAQ
score (p=0.247), higher pVAS score
(p=0.418) and clinically a lower MMT
VL (p=0.064) compared to females, al-
though there were no significant differ-
ences in age, duration since diagnosis,
treatment status, patient VAS, HAQ,
MMT, deltoid or serum CK.

There was no significant difference in
disease duration, which was similar be-
tween the sexes (majority five years).

B mode US data at baseline
The baseline imaging data are presented

in Table IT and Supplementary Table S1.
At baseline, participants had respective
median scores: FT deltoid of 0.07 (IQR:
0.06-0.08), FT VL of 0.07 (0.06-0.11),
muscle bulk deltoid of 1.64 (IQR:143-
2.06), muscle bulk VL of 0.75 (IQR:
0.60-1.05), echogenicity deltoid 2.00
(1.00-2.00), echogenicity VL of 3.00
(3.00-3.00), FDP/FCU ratio of 1.50,
PD deltoid of 0.00 (0.00-1.00), PD VL
of 0.00 (0.00-0.00), SWS deltoid of
2.89 (IQR: 2.19-3.29) and SWS VL of
2.52 (IQR: 1.98-3.13). When compar-
ing findings of VL with deltoid, VL
had a smaller muscle bulk (0.75cm vs.
1.64cm), and higher echogenicity (3.00
vs. 2.00) (Fig. 1), while FT and PD did
not differ between the two muscles.

When the cohort was stratified accord-
ing to sex, males had lower FT VL

Clinical and Experimental Rheumatology 2024



Utility of US in IBM / S. Paramalingam et al.

Table III. Clinical parameters and ultrasound domains across visits in whole cohort.

Baseline 2" visit 31 visit 4 visit p-value

Median median median median (differences

(IQR) (IQR) (IQR) (IQR) between visits)
HAQ 0.65 0.34-1.38) 0.88 (0.25-1.64) 1.38 (0,25-1.75) 1.25 (0.25-2.00) 0.546
MMT D/10 10.00 (10.00-10.00) 10.00 (10.0-10.0) 10.00 (9.00-10.00) 10.00 (10.00-10.00) 0.472
MMT VL/10 8.00 (3.00-9.00) 8.00 (3.00-9.00) 7.00 (3.00-9.00) 8.00 (3.00-9.50) 0.999
Patient VAS/10cm 4.50 (2.10-6.00) 5.00 (2.78-7.48) 5.90 (5.00-6.80) 540 (2.25-6.45) 0.501
FT D mm 0.07 (0.600-0.08) 0.09 (0.08-0.10) 0.10 (0.08-0.12) 0.10 (0.08-0.11) <0.001*
FT VL mm 0.07 (0.06-0.80) 0.10 (0.07-0.12) 0.11 (0.09-0.11) 0.11 (0.09-0.13) 0.056%*
Muscle bulk D cm 1.68 (1.43-2.06) 1.64 (1.40-1.98) 1.78 (1.44-2.03) 1.84 (1.71-2.01) 0.563
Muscle bulk VL cm 0.76 (0.60-1.05) 0.75 (0.52-1.24) 0.71 (0.53-1.04) 0.82 (0.52-1.07) 0.563
Echogenicity D/ 1-4 2.00 (1.00-2.00) 2.00 (1.00-3.00) 2.00 (1.00-2.00) 1.50q (1.00-2.75) 0.259
Echogenicity VL/1-4 3.00 (3.00-3.00) 3.00 (3.00-3.00) 3.00 (0.53-1.04) 4.00 (3.00-4.00) 0.081%*
FDP/FCU 1.50 (1.00-2.00) 1.25 (1.00-3.00) 1.25 (1.00-2.00) 1.00 (1.00-2.00) 0.879
PD D/0-4 0.00 (0.00-1.00) 0.00 (0.00-1.00) 0.50 (0.00-1.00) 0.00 (0.00-0.00) 0.216
PD VL/0-4 0.00 (0.00-0.00) 0.00 (0.00-1.00) 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.154

HAQ: health assessment questionnaire; MMT: manual muscle testing; VAS: visual analogue scale; FT: fascial thickness; D: deltoid; VL: vastus lateralis;
SWS: shear wave speed; FDP: flexor digitorium profundus; FCU: flexor carpi ulnaris.
*p<0.05: statistically significant result; **p<0.10: interesting result.

(»=0.018) and higher muscle bulk del-
toid (p=0.002) than females. There were
no statistically significant differences in
FT deltoid, muscle bulk VL, echogenic-
ity deltoid and VL, FDP/FCU ratio (Fig.
2), nor in PD deltoid and PD VL be-
tween males and females (p>0.408).

Changes in clinical and US parameters
over time in the whole cohort
Longitudinal data are presented in Table
IIT and Supplementary Table S2; HAQ,
MMT deltoid and VL, patient VAS and
physician VAS all remained stable over
time (p<0.999). However, individual
MMT VL scores declined in 13/35 par-
ticipants, the majority of whom were
males (10 males vs. 3 females) (Table I).
When analysing specific US domains,
only FT-deltoid (p<0.001) showed sta-
tistically significant change over the fol-
low-up period. However, increases were
noted in FT (p=0.056) and echogenicity
(»=0.081) in the VL over time, which
did not reach statistical significance.

Differences between US domains

in progressors and non-progressors

in the vastus lateralis

Data are presented in Table IV and
Supplementary Table S3. When par-
ticipants were dichotomised into those
who progressed and those who did not,
based on changes in MMT-VL, only FT-
baseline showed a significant difference
between the two groups (0.06 vs. 0.09,
p=0.017) and an increase from baseline

Clinical and Experimental Rheumatology 2024

Table IV. Difference in ultrasound domains between progressors and non-progressors at

baseline and last documented clinic visit.

US domains in the Progressors Non progressors p-value
vastus lateralis Median (IQR) Median (IQR)
n=10 n=25

Baseline

FT mm(n=35) 0.06 (0.05-0.07)) 0.09 (0.07-0.12) 0.017*
Muscle bulk cm (n=35) 0.75 (0.64-1.11)) 0.75 (0.51-1.05) 0.568
Echogenicity (n=35) 3.00 (3.00-4.00) 3.00 (3.003.00) 0.162
PD (n=35) 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.334
Last visit

FT mm (n=29) 0.11 (0.07-0.13)) 0.11 (0.09-0.11) 0.851
Muscle bulk cm (n=29) 0.76 (0.48-1.28)) 0.79 (0.57-1.26) 0.380
Echogenicity (n=29) 3.00 (3.00-3.00) 3.00 (2.00-3.00) 0.984
PD (n=29) 0.00 (0.00-0.00) 0.00 (0.00-1.00) 0.924

FT: fascial thickness; PD: power Doppler; SWS: sheer wave speed.

in the progressor group, although not
statistically significant (p=0.143). FT
also increased from baseline in the del-
toid (p=<0.001) over time. There was
less of a change in the VL (p=0.056).
Other US domains (muscle bulk, echo-
genicity, PD, SWS) at baseline and fi-
nal visit, including FT at the final visit,
did not show a difference between the
groups (p>0.162).

Discussion

Although US has been shown to help
differentiate IBM from other forms of
IIM (9, 10, 14), it has yet to be applied
to monitor disease progression in IBM.
The primary focus of our study was to
determine whether US could be use-
ful as an imaging biomarker to detect
changes in clinically affected muscles

over time and if any US domains are
more discriminating. Secondary aims
were to determine whether US findings
at baseline could predict subsequent
disease progression and whether there
are any sex-related differences in US
changes.

The clinical and US findings in the pre-
sent patient cohort were in keeping with
the known selective pattern of limb
muscle involvement in IBM. When we
performed a subgroup analysis between
the studied muscles, it was found that
the VL was weaker, had a smaller mus-
cle bulk and was more hyperechoeic
compared to the deltoid, these findings
being consistent with more severe dis-
ease activity in the VL compared to the
deltoid. Similarly, the FDP is typically
more severely affected in the forearm,
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while the FCU is relatively spared (2,
15). Our US study confirms this find-
ing, with a median FDP/FCU ratio of at
least 1.5, consistent with other studies.
This highlights the potential diagnostic
value of the US FDP/FCU ratio when
investigating patients with a possible
diagnosis of IBM, although we did not
do a disease comparison in this study to
confirm this finding (15).

We investigated changes in clinical and
ultrasound parameters over time. Our
longitudinal analysis indicated that al-
though patient-reported outcomes re-
mained relatively stable over time, there
were detectable changes in several US
domains in the final follow-up study.
These included increasing FT in the del-
toid and VL over time. There was less
of an effect in the VL, although it is a
more severely affected muscle than the
deltoid in IBM. There was also an in-
teresting increase in echogenicity in the
VL, although not statistically signifi-
cant, which was not seen in the deltoid.
There could be other influences on the
deltoid findings, being a less affected
muscle in IBM. Most of our participants
had physiotherapy support throughout
the study, and it is unclear whether the
changes in US domains could be due in
part to a treatment related improvement
in function or more likely due to the
progressive nature of the disease and a
reduction in inflammation and accumu-
lation of fibrous and adipose tissue in
the affected muscles with time. In a pre-
vious cross-sectional study of a mixed
IIM group of subjects, we found that
increased echogenicity correlated with
fatty infiltration and atrophy on MRI.
In contrast, changes in FT had poor
discrimination between muscle patholo-
gies on MRI and muscle biopsy (8).
Recent studies have discussed IBM
trajectories (3). We divided our par-
ticipants into those that progressed
and those who remained stable based
on whether there was a change in the
MMT-VL during the follow-up period.
In our study, FT at baseline appears to
be associated with progression. Our ear-
lier preliminary study suggested a thin-
ner FT in IBM compared to healthy con-
trols(10). In our current study, a thinner
FT at baseline was seen in progressors
compared to non-progressors, likely in-
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dicative of a disease effect. IBM is not
known to affect the fascia, but muscle
atrophy and the effects of immunosup-
pressives such as prednisolone on mus-
cle fascia are unknown. The FT increase
in the deltoid over time, a less affected
muscle in IBM, indicates the potential
for other influences, such as age or sex,
on the muscle fascia over time.
Interestingly, in animal models, studies
have shown thickening of the epimysi-
um with aging (16). Studies have shown
that a thicker fascia, such as seen in the
elderly, limits flexibility (17). It is un-
clear whether a thinner FT at baseline
in IBM primes the fascia to other influ-
ences, such as age over time, causing
progression. This requires further ex-
ploration.

In contrast to FT, PD did not show de-
tectable changes over time, either in the
deltoid or VL and does not, therefore,
appear to be a useful tool for monitoring
disease progress.

Our study cohort was predominantly
male. Female patients exhibited a less
severe clinical phenotype, with less
weakness than males. Sex-related dif-
ferences were also observed in several
US domains in different muscles, with
females having a higher FT in the VL
and lower muscle bulk in the deltoid.
These differences suggest that other fac-
tors, beyond muscle inflammation and
fibrosis, may influence the US changes
in females with IBM. Our previous work
had alluded to the possible influence of
other factors, such as body mass index
(BMI) being an influencer in the deltoid,
although we did not investigate this spe-
cifically in the current study (10). It is
plausible that other factors such as sex
may influence changes, particularly in
clinically less affected muscles such as
the deltoid in IBM.

Limitations

The authors acknowledge the limita-
tions of this study, including the rela-
tively small sample size and largely
observational study design, reflecting
the nature of the US measures recorded,
which limit the opportunities for statis-
tical comparisons and make probability
values and regression analyses prob-
lematic. As IBM is a chronic disease,
a longer follow-up may have shown

clearer trends. Larger and longer dura-
tion studies would be needed. Although
we did not perform intra-observer reli-
ability testing in this study, we have
done so in our previous studies, which
have followed a similar methodology
and found substantial to perfect agree-
ments in the US domains with repeat
testing (10, 11). We also did not account
for the possible effects of medications
or exercise in this study, which could
have impacted the findings. In addi-
tion, as US remains operator-dependent,
measured parameters may vary between
studies. Such effects were minimised by
adherence to a carefully standardised
experimental protocol and the experi-
ence of the operator who performed all
the studies (SP).

Conclusion

This study explores the utility of US
longitudinally in IBM. It contributes
to the growing body of evidence on the
utility of US as a monitoring imaging
tool in IBM. US domains such as FT,
echogenicity and muscle mass did show
detectable changes over time. Howev-
er, as the magnitude of the changes were
not sufficiently conclusive, and in view
of the chronicity of the disease, further
studies in larger IBM cohorts and with
longer follow-up periods are required
to determine whether these domains
may be suitable to be developed as US
biomarkers and outcome measures for
use in therapeutic trials. FT appears
to be associated with disease progres-
sion; however more studies would need
to analyse this further. Our study also
highlights other potential influences on
US domains, particularly in the deltoid,
such as age or sex, which warrants fur-
ther investigation.

Acknowledgement

We thank Kelly Beer and Deborah Rob-
ertson for their nursing and administra-
tive support and assistance in this study.

References

1. NEEDHAM M, MASTAGLIA FL: Sporadic
inclusion body myositis: a continuing puz-
zle. Neuromuscul Disord 2008; 18(1) :6-16.
https://doi.org/10.1016/j.nmd.2007.11.001

2. NEEDHAM M, CORBETT A, DAY T, CHRISTI-
ANSEN F, FABIAN V, MASTAGLIA FL: Preva-
lence of sporadic inclusion body myositis

Clinical and Experimental Rheumatology 2024



and factors contributing to delayed diagno-
sis. J Clin Neurosci 2008; 15(12): 1350-3.

https://doi.org/10.1016/j.jocn.2008.01.011

3. OLDROYD AGS, LILLEKER JB, WILLIAMS J,
CHINOY H, MILLER JAL: Long-term strength
and functional status in inclusion body my-
ositis and identification of trajectory sub-
groups. Muscle Nerve 2020; 62(1): 76-82.

https://doi.org/10.1002/mus.26859

4. DESCHENES MR, MCCOY RW, HOLDREN AN,
EASON MK: Gender influences neuromuscu-
lar adaptations to muscle unloading. Eur J

Appl Physiol 2009; 105(6): 889-97.
https://doi.org/10.1007/s00421-008-0974-5

5. NOTO Y, SHIGAK, TSUJI'Y et al.: Contrasting
echogenicity in flexor digitorum profundus-
flexor carpi ulnaris: a diagnostic ultrasound
pattern in sporadic inclusion body myositis.

Muscle Nerve 2014; 49(5): 745-8.
https://doi.org/10.1002/mus.24056

6. ABDELNABY R, MOHAMED KA, ELGENIDY
A et al.: Muscle sonography in inclusion
body myositis: a systematic review and me-
ta-analysis of 944 measurements. Cells 2022;
11(4). https://doi.org/10.3390/cells 11040600

7. ROSE MR, ENMC IBM WORKING GROUP:
188" ENMC International Workshop: Inclu-
sion Body Myositis, 2-4 December 2011,

Neuromuscul

Naarden, The Netherlands.

Clinical and Experimental Rheumatology 2024

10.

12.

Utility of US in IBM / S. Paramalingam et al.

Disord 2013; 23(12): 1044-55.
https://doi.org/10.1016/j.nmd.2013.08.007

. RIDER LG, GIANNINI EH, HARRIS-LOVE M et

al.: Defining clinical improvement in adult
and juvenile myositis. J Rheumatol 2003;
30(3): 603-17.

. LEEUWENBERG KE, VAN ALFEN N, CHRIS-

TOPHER-STINE L ef al.: Ultrasound can
differentiate inclusion body myositis from
disease mimics. Muscle Nerve 2020; 61(6):
783-8. https://doi.org/10.1002/mus.26875

PARAMALINGAM S, NEEDHAM M, RAY-
MOND W et al.: Muscle shear wave elastog-
raphy, conventional B mode and power dop-
pler ultrasonography in healthy adults and
patients with autoimmune inflammatory my-
opathies: a pilot cross-sectional study. BMC
Musculoskelet Disord 2021; 22(1): 537.
https://doi.org/10.1186/s12891-021-04424-0

. PARAMALINGAM S, NEEDHAM M, HARRIS

S, O’HANLON S, MASTAGLIA F, KEEN H:
Correction to: Muscle B mode ultrasound
and shear-wave elastography in idiopathic
inflammatory myopathies (SWIM): criterion
validation against MRI and muscle biopsy
findings in an incident patient cohort. BMC
Rheumatol 2022; 6(1): 72.

https://doi.org/10.1186/s41927-022-00302-x
HECKMATT JZ, LEEMAN S, DUBOWITZ V:

Ultrasound imaging in the diagnosis of mus-
cle disease. J Pediatr 1982; 101(5): 656-60.

. MENG C, ADLER R, PETERSON M, KAGEN L:

Combined use of power Doppler and gray-
scale sonography: a new technique for the as-
sessment of inflammatory myopathy. J Rheu-
matol 2001; 28(6): 1271-82.

. PARAMALINGAM S, MORGAN K, BECCE F

et al.: Conventional ultrasound and elastog-
raphy as imaging outcome tools in autoim-
mune myositis: A systematic review by the
OMERACT ultrasound group. Semin Arthri-
tis Rheum 2021; 51(3): 661-76. https://
doi.org/10.1016/j.semarthrit.2020.11.001

. ALBAYDA J, CHRISTOPHER-STINE L, BING-

HAM III CO et al.: Pattern of muscle involve-
ment in inclusion body myositis: a sono-
graphic study. Clin Exp Rheumatol 2018;
36(6): 996-1002.

. GAO Y, KOSTROMINOVA TY, FAULKNER JA,

WINEMAN AS: Age-related changes in the
mechanical properties of the epimysium in
skeletal muscles of rats. J Biomech 2008;
41(2): 465-9. https://
doi.org/10.1016/j.jbiomech.2007.09.021

. WILKE J, MACCHI V, DE CARO R, STECCO

C: Fascia thickness, aging and flexibility: is
there an association? J Anat 2019; 234(1):
43-9. https://doi.org/10.1111/joa.12902

357



