
386 Clinical and Experimental Rheumatology 2023

1Department of Neurology, 
University of California, Irvine, CA;
2Institute for Immunology, 3Department 
of Pathology and Laboratory Medicine, 
University of California, Irvine, CA; 
4Department of Neurology, 
University of Kansas Medical 
Center, Kansas City, KS, USA.
Namita A. Goyal, MD
Tahseen Mozaffar, MD
Mazen M. Dimachkie, MD
Please address correspondence to:
Namita Goyal
UC Irvine-MDA ALS 
and Neuromuscular Center,
200 S. Manchester Avenue, Suite 110,
Orange, CA 92868, USA.
E-mail: namitag@hs.uci.edu
Received on November 9, 2022; accepted 
in revised form on December 16, 2022.
Clin Exp Rheumatol 2023; 41: 386-392.
© Copyright CliniCal and 
ExpErimEntal rhEumatology 2023.

Key words: inclusion body myositis, 
imaging, muscle ultrasound, positron 
emission tomography, dual energy
x-ray absorptiometry

Competing interests: page 390.

ABSTRACT
Diagnosis of inclusion body myositis 
(IBM), the most common acquired mus-
cle disorder in adults above the age of 
40, remains dependent on demonstra-
tion of the classic clinical phenotype and 
confirmed by muscle histopathological 
examination. The European Neuromus-
cular Centre (ENMC) 2011 diagnostic 
criteria for the diagnosis of IBM in-
cludes the demonstration of one or more 
of the muscle pathological findings - in-
flammation, vacuolation or protein ag-
gregation. Muscle biopsy is an invasive 
procedure and patients often require 
more than one biopsy to establish a de-
finitive diagnosis of IBM. Over the past 
few years, there has been considerable 
gain in knowledge regarding various 
imaging modalities that may comple-
ment the diagnosis of IBM, and in some 
cases have the potential to obviate the 
need for more invasive procedures, such 
as muscle biopsy. Positron emission to-
mography (PET) using different ligands 
may serve as a surrogate biomarker of 
therapeutic target engagement in IBM. 
This review concentrates on a critical 
evaluation of the literature looking at 
the utility of muscle ultrasound, dual 
energy x-ray absorptiometry (DEXA), 
and positron emission tomography and 
their role in IBM. 

Introduction
Inclusion body myositis (IBM) is the 
most common acquired myositis af-
fecting individuals over the age of 40 
years; yet, it remains of enigmatic ae-
tiology with histopathological features 
of both inflammatory characteristics of 
endomysial cellularity, focal invasion 
and immune marker upregulation as 
well as myodegenerative, proteostatic 
features of protein aggregates, rimmed 
vacuoles, and mitochondrial abnormali-
ties (1-3). When distinctive clinical fea-
tures of asymmetric atrophy and slowly 

progressive weakness severely affect-
ing the knee extensors greater than the 
hip flexors and finger flexors over the 
shoulder abductors are present, the di-
agnosis of inclusion body myositis can 
be clinically evident. However, many 
patients, particularly early in the dis-
ease course have ambiguous symptoms 
of falls or gait difficulty without mani-
festing all the clinical features of IBM 
and resulting in, at times, a 2-5 year 
diagnostic odyssey (4). While several 
diagnostic modalities are available to 
help support the diagnosis of IBM from 
creatine kinase levels, electrodiagnos-
tic studies, NT5c1A antibody testing, 
to the gold standard muscle biopsy, all 
of these tests have diagnostic sensitiv-
ity limitations (5-8). Recently, muscle 
imaging has emerged as a useful non-
invasive adjunctive test utilised to iden-
tify certain patterns of muscle involve-
ment that can be applied as a predictive 
tool for the diagnosis of IBM over other 
myositis subtypes (9). Of the imaging 
tools available, magnetic resonance im-
aging (MRI) has been one of the most 
common modalities studied in IBM. In 
clinical practice, MRI has a clear role 
in myositis as it serves as a screening 
procedure for detecting the presence of 
muscle abnormalities such as oedema, 
fatty infiltration, and muscle atrophy, 
helps determine the optimal site to bi-
opsy, differentiates subtypes of myosi-
tis, and allows for the ability to monitor 
disease activity in a longitudinal fash-
ion (9-13). Here we provide a review 
of the clinical utility of other imaging 
modalities (Table I), aside from MRI 
which was previously reviewed by one 
of our authors in this journal (14), that 
have been used in IBM. 

Ultrasound in IBM
Muscle ultrasonography is a reliable 
technique that evaluates underlying 
pathology in neuromuscular diseases 
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and can be performed by evaluators 
with minimal training (15). It has the 
ability to detect abnormal echo signal 
intensity, muscle size (such as volume 
and thickness) and tissue perfusion of a 
wide variety of accessible muscles mak-
ing it a promising tool to study muscle 
inflammation. In comparison to other 
imaging studies, such as MRI, mus-
cle ultrasound has several advantages 
as it can be performed at the bedside, 
is ubiquitous, portable, inexpensive, 
radiation-free, and delivers a faster as-
sessment of muscle health making it a 
cost-effective tool.

Ultrasound patterns 
based on echogenicity
There are now several ultrasound stud-
ies that have evaluated and characterised 
the pattern of muscle involvement in 
IBM based on echogenicity and muscle 
thickness. Echogenicity on muscle ul-
trasound can discriminate disease activ-
ity from muscle damage, with high echo 
intensity seen in fatty infiltration or fi-
brous tissue implying a chronic process, 
and low echo intensity observed with 
oedema suggesting an active or acute 
myopathy (16, 17). In a study evaluat-
ing the echo intensity of neighbouring 
muscles using muscle ultrasonography 
in patients with IBM, polymyositis 
(PM)/dermatomyositis (DM), and con-
trol subjects (n=11 in each group), echo 
intensities were significantly higher in 
the medial gastrocnemius versus the 
soleus in patients with IBM (0.843, 

p=0.006), but not in those with PM/DM 
or the control subjects, concluding that 
when high echoic signals are detected 
in the medial gastrocnemius compared 
to the soleus, this feature discriminates 
IBM over PM/DM (72.7% sensitivity, 
100% specificity) (18). In the forearm, 
while the echo intensities were higher 
in the flexor digitorum profundus (FDP) 
in the IBM group compared to the PM/
DM group, the differences in the echo 
intensities between the FDP and flexor 
carpi ulnaris (FCU) did not significantly 
differ between the disease groups (18). 
This finding is contradictory to a prior 
smaller ultrasound study that found that 
the FDP to FCU echogenicity contrast, a 
pattern revealing high echo intensity in 
the FDP compared to the FCU, was seen 
in all patients with IBM (n=6), yet in 
none with PM/DM (n=6) or amyotroph-
ic lateral sclerosis (ALS) (n=6) (19). 
Albayda et al. further characterised the 
overall ultrasonographic pattern of mus-
cle involvement in IBM (n=18), com-
pared with PM/DM (n=16) and controls 
(n=28) and found that echo intensity 
was highest and most discerning in the 
FDP, rectus femoris and gastrocnemius 
over other muscle groups (deltoids, bi-
ceps, FCU, and tibialis anterior) in IBM 
compared to PM/DM and normal con-
trols (20). Interestingly, of all the mus-
cles studied, the FDP in this echogenic-
ity analysis performed the best for dis-
criminating IBM and was additionally 
able to detect subclinical involvement 
of the FDP in 3 patients who did not 

have finger flexor weakness highlight-
ing the utility of imaging when all clini-
cal features are not present (20). These 
findings were further supported by an-
other study that evaluated echogenic-
ity of the FDP, gastrocnemius, rectus 
femoris and vastus lateralis in patients 
with IBM, PM/DM, other neuromuscu-
lar controls and healthy controls from 
2 different centres (Radboudumc, Neth-
erlands and Johns Hopkins, USA); both 
centres found significantly higher echo 
intensity in the FDP in IBM patients 
over the comparative groups (21). The 
Radboudumc cohort additionally found 
significantly higher echo intensity in 
the rectus femoris and gastrocnemius in 
IBM patients compared with PM/DM 
and healthy controls, however these 
findings were not seen in the Johns 
Hopkins cohort (21).

Muscle thickness on ultrasound
Evaluation of muscle thickness on ul-
trasonography has also been investi-
gated as a potential diagnostic mark-
er. Noto et al. found that the muscle 
cross sectional area ratios of the FDP/
FCU was significantly lower in the 
IBM group than those in the PM/DM 
(p<0.01) or ALS groups (p<0.05) indi-
cating that selective atrophy detected 
in the FDP muscle in IBM is a use-
ful marker (19). Leeuwenberg et al., 
when comparing the muscle thickness 
of FDP, gastrocnemius, rectus femo-
ris and vastus lateralis, in the Rad-
boudumc cohort, found that only the 

Table I. Imaging modalities in IBM. The different imaging modalities, the characteristic features that are sought after in each modality, and 
the pathologic findings and utility in IBM are summarised.

Imaging technique Characteristic features Pathologic findings/utility in IBM

Ultrasonography  Echogenicity High echo intensity indicates fatty infiltration implying a 
  chronic process

  Low echo intensity indicates edema and implies an active 
  myopathy

 Muscle thickness Decreased thickness indicates atrophy seen in affected muscles

 Shear wave elastography Evaluates muscle stiffness reflecting tissue level changes and 
  degree of fibrosis, utility in IBM is still being explored

Positron emission tomography (PET) Tracers: Beta amyloid and tau protein detected in affected muscle may
 Pittsburgh compound B  ([11C] PIB) or  be used as a potential marker to support the diagnosis of IBM
 [18F]florbetapir detect beta amyloid or monitor disease progression

 [18F] THK5317 detects tau protein  

Dual energy x-ray absorptiometry (DEXA) Measures muscle mass Quantitates muscle atrophy seen in IBM as disease progresses  
  and has potential to evaluate therapeutic effect on muscle mass
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vastus lateralis showed significantly 
lower muscle thickness in IBM when 
compared to other groups; however 
in the Johns Hopkins cohort, all mus-
cles groups (FDP, gastrocnemius and 
rectus femoris) except for the vastus 
lateralis showed significantly lower 
muscle thickness in IBM compared to 
the disease and healthy controls (21). 
Given that the Johns Hopkins cohort of 
IBM patients had significantly longer 
disease duration than the Radboudumc 
cohort, the differences in the findings 
of the two cohorts may be accounted 
for by greater muscle atrophy seen with 
longer disease duration (21).
Diaphragm thickness measured by 
ultrasound has been an area of inter-
est given that comorbidities related to 
respiratory insufficiency are a lead-
ing cause of mortality in patients with 
IBM (22). An ultrasound study of 20 
IBM patients evaluating diaphragm 
contractility, determined by measuring 
diaphragm thickness at end-inspiration 
and end-expiration, found that low 
diaphragm thickening fraction sig-
nificantly correlated to longer disease 
duration (p=0.001), lung function ab-
normalities [low forced vital capacity 
(p=0.04), total lung capacity (p=0.01), 
and maximum inspiratory pressure 
(p=0.02)], and high dyspnoea levels at 
rest (p=0.01) and on exertion (p=0.001) 
(23). Interestingly, the study noted that 
in some subjects despite spirometry val-
ues in the normal range, low diaphragm 
thickening fraction was found, suggest-
ing that pulmonary function tests may 
not be the optimal screening tool for 
patients with mild respiratory muscle 
weakness; yet instead, diaphragm ultra-
sonography could be considered in the 
milder symptomatic IBM patients.

Ultrasound elastography
Ultrasound elastography is a reliable 
technique that can directly quantify 
passive and active muscle elasticity 
(24). Of the different techniques, shear 
wave elastography has been shown to 
have superior reliability with an abil-
ity to assess muscle stiffness (recorded 
as muscle shear modulus or shear wave 
speed) which may reflect tissue-level 
changes and fibrosis (25, 26). A shear 
wave elastography study of the biceps 

brachii of 34 IBM patients was per-
formed with muscle shear modulus as-
sessed before and after passive stretch-
shortening at varying elbow angles and 
after three maximal voluntary contrac-
tions (27). The study found: a) muscle 
shear modulus correlated to predicted 
muscle strength (rho >0.36, all p val-
ues <0.05), b) muscle echo inten-
sity significantly correlated to muscle 
shear modulus, only at 70º (rho=0.38, 
p<0.05), c) no correlation was detected 
between muscle thickness and muscle 
shear modulus (rho>0.23, p>0.25), d) 
within-day and between-day reliabil-
ity of muscle shear wave elastography 
measurements was satisfactory and 
moderate, respectively (intra-class cor-
relation coefficients >0.83 and >0.64, 
respectively) (27). Overall, the study 
concluded that passive stretch/short-
ening and maximum voluntary con-
tractions did not significantly affect 
muscle shear modulus; however, lower 
muscle stiffness was associated with 
more severe muscle weakness in IBM 
patients (27). A smaller study of 10 pa-
tients with inflammatory myopathies (5 
with IBM and 5 with necrotising myo-
pathy) found that in IBM patients, the 
mean shear wave speed values in the 
vastus lateralis and deltoid did not sig-
nificantly differ from healthy controls 
>50 years; however, when analysed 
case-to-case, in a number of cases, 
shear wave speed values were lower in 
IBM patients than the healthy controls 
for the resting state and higher in the 
stretched state (28). These results indi-
cate that there are abnormalities in the 
physical properties of affected muscles 
of IBM patients, but further investiga-
tions are still needed with larger co-
horts to understand these findings and 
their clinical relevance in IBM.

Ultrasound accuracy
The diagnostic accuracy of neuromus-
cular ultrasound for IBM has been 
evaluated in a study of 60 participants 
(15 with IBM, 15 with amyotrophic 
lateral sclerosis, 15 with other myopa-
thies, and 15 controls), concluding that 
ultrasound of the forearm (specifically 
evaluating FDP and FCU muscles) is 
reliable and accurate with a sensitiv-
ity ranging from 67-73% and a higher 

specificity of 84–93% when experi-
enced clinicians performed the ultra-
sound (29). Additionally, the accuracy 
of ultrasound has been compared to 
MRI. Of twelve IBM patients who un-
derwent muscle ultrasound and MRI on 
the same day, all patients with muscle 
abnormalities identified on ultrasound, 
presented with fatty infiltration on MRI 
which was the most frequent finding 
and the oedema pattern did not seem 
to have a significant effect on muscle 
echo intensity (30). Importantly, when 
the detection of muscle abnormalities 
in IBM patients on ultrasound was 
compared to that of MRI, the accuracy 
was 86.8 (k coefficient 0.632), with a 
sensitivity of 84% and a specificity of 
100%, with a negative predictive value 
of 55 and a positive predictive value of 
100 (30).
While ultrasound has shown promise 
as a useful measure of muscle integ-
rity, there are technical challenges that 
could affect the echo signal intensity 
determination limited by subcutane-
ous tissue as well as heavy reliance on 
operator experience to acquire muscle 
images correctly (31). Overall, the in-
terpretation of the ultrasound studies in 
IBM are limited by small number of pa-
tients, thus larger studies systematically 
characterising different disease stages 
within IBM (from early in the disease 
course to advanced patients) will be 
helpful to further our understanding of 
the role of ultrasound in IBM.

Positron emission tomography 
scan in IBM
Positron emission tomography (PET) 
combined with computed tomography 
(CT) has been recognised to have mul-
tiple applications in myositis patients 
including its value for cancer screening, 
measuring disease activity in muscle, as 
well as helping differentiate and sup-
port the diagnosis of myositis subtypes 
(32). As amyloid is found to be accu-
mulated and misfolded in the muscle of 
IBM patients and is one of the patho-
logic features sought after in the ENMC 
2011 diagnostic criteria for IBM which 
has high specificity but low sensitivity 
(33, 34), amyloid PET [using the trac-
ers Pittsburgh Compound B ([11C] PIB) 
or [18F]florbetapir] has been evalu-
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ated as a potentially attractive tool and 
marker to detect beta-amyloid within 
muscle of IBM patients. Whole body 
PET/CT has demonstrated signifi-
cantly increased Pittsburgh Compound 
B ([11C] PIB) in the gastrocnemius of 
IBM patients compared to non-IBM pa-
tients (p=0.004), and in three IBM pa-
tients ([11C] PIB-SUV levels were >0.5 
in the vastus lateralis, deltoid and long 
finger flexor muscles, suggesting that 
([11C] PIB)-PET can depict amyloid β 
in vivo, in the muscle of IBM patients 
and be used to support the diagnosis 
(35). It has also been shown that amy-
loid PET can differentiate IBM from 
other myositis subtypes, such as PM, 
when Lilleker et al. found [18F]flor-
betapir standardised uptake value ratios 
were significantly higher in those with 
IBM (n=10) compared with PM (n=6) 
for all assessed regions (including arm, 
forearm, thigh, and calves) (p=0.005), 
with a sensitivity and specificity for the 
diagnosis of IBM of 80% and 100%, re-
spectively (36). This study was done in 
patients with a clear diagnosis of IBM; 
however future work is still needed to 
see if amyloid PET may be able to dis-
tinguish IBM from PM in those with 
early disease or if the diagnosis is un-
clear (37). 
While large studies confirming these 
findings are still needed, there have 
been case reports supporting the ap-
plication of using ([11C] PIB)-PET/CT 
to visualise the deposition of amyloid 
protein (38) and [18F] THK5317 PET/
MRI to detect tau protein (39), aiding 
in the ability to support the diagnosis of 
IBM and potentially offering the ability 
to monitor progression of amyloid and 
tau pathology along with muscle weak-
ness in the clinical setting. This strategy 
has been explored by Quinn et al. who 
in a pilot study of 4 IBM patients have 
used 89Zr-Df-IAB22M2C PET/CT as 
a marker of CD8+ T cell inflammation 
and demonstrated increased uptake of 
89Zr-Df-IAB22M2C in the muscles of 
IBM patients (with the highest uptake 
seen in the calves, followed by the up-
per extremities, and then the forearms) 
in greater intensity than the control pop-
ulation providing a potential biomarker 
for disease progression and a possibly 
attractive tool for clinical trials when 

evaluating T cell directed therapies in 
IBM (40). 
There may be limitations of the use of 
PET imaging as a diagnostic tool in 
advanced patients as it has been noted 
that clinically severely affected muscles 
of IBM patients did not show increased 
([11C] PIB) binding on PET/CT (35). 
There are certain factors that may in-
terfere with the accuracy of a PET scan, 
thus some restrictions that are recom-
mended 12-24 hours prior to getting the 
PET scan include: following a low car-
bohydrate diet and avoiding exercise, 
alcohol, and caffeine. Six hours prior 
to the scan, eating should be entirely 
avoided; however, drinking water is al-
lowed and encouraged. Additionally, 
PET protocols may not be optimised 
with respect to quantitative imaging 
and due to different uptake intervals be-
tween different regions of the body, thus 
additional studies are warranted (35).

Dual energy x-ray 
absorptiometry (DEXA)
Dual energy x-ray absorptiometry 
(DEXA) imaging, while developed as 
a modality to evaluate bone density, 
has additionally been used to assess 

soft tissue compartments, specifically 
lean body mass, in a variety of neuro-
muscular diseases and has the added 
advantage of measuring regional body 
composition (41). It serves as an attrac-
tive technique over MRI and PET im-
aging, as it is widely available, simple 
to use, and less expensive. Given the 
profound muscle atrophy seen in IBM 
patients, DEXA scanning has the po-
tential subclinical ability to measure a 
therapeutic response and the effects of 
an interventional drug on muscle mass. 
As such, this technology has been test-
ed and used as a common secondary 
outcome measure in several IBM clini-
cal trials (42-47), some with encourag-
ing results. Specifically, in the RESIL-
IENT study in which Bimagrumab, an 
activin type II receptor inhibitor that 
stimulates the pathway to skeletal mus-
cle growth, was tested in a trial of 251 
IBM patients, DEXA results revealed a 
dose-dependent increase in lean body 
mass, confirming the biological activ-
ity of the drug (42). While the utility 
of DEXA scanning in the clinic setting 
has not been defined, DEXA remains a 
feasible and easy outcome measure for 
IBM clinical trials. 

Fig. 1. Algorithm of muscle ultrasonography evaluation of suspected IBM patients. Start with an ul-
trasound of the forearm muscles. If the flexor digitorum profundus shows high echo intensity and de-
creased muscle thickness (when compared to the flexor carpi ulnaris), this is highly suggestive of IBM. 
The next best performing muscle in support of IBM is in the lower extremities. High echo intensity and 
selective atrophy of the medial gastrocnemius (in comparison to the soleus) is highly discriminating for 
IBM. Lastly, ultrasound of the thigh muscles may show high echoic signal in the rectus femoris and de-
creased muscle thickness in the vastus lateralis and rectus femoris, though this appears to be lower yield.
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Conclusion
There is an emerging interest in the 
role of muscle/neuromuscular imaging 
in IBM. MRI has become an essential 
tool in the assessment of the pattern of 
muscle involvement in affected limbs, 
as well as in the evaluation of muscle 
parenchymal changes, muscle atrophy, 
and fat replacement. However, muscle 
MRI requires specific fixed equipment 
at specialised centres and the ability of 
patients to tolerate prolonged supine 
positioning. Additionally, the cost of an 
MRI can be prohibitive and MRI studies 
are not always approved by insurances/
payors. Furthermore, MRI at times may 
require sedation in some patients who 
experience claustrophobia. 
Muscle ultrasound has become an im-
portant adjunct tool in diagnosis and 
disease monitoring in IBM. It has excel-
lent discrimination to assess for change 
in muscle echogenicity and thus assess 
disease progression. Additionally, ul-
trasound can quantitate muscle volume 
loss, not only in skeletal muscle of the 
limbs, but also in diaphragmatic mus-
cles. Of all the muscles studied in the 
published reports with ultrasonography 
in IBM, the FDP overall appears to 
show the highest yield in discriminating 
IBM over other myositis subtypes and 
ALS. Thus, when performing an ultra-
sound evaluation on a suspected IBM 
patient (Fig. 1), we recommend start-
ing with an evaluation of the forearm 
muscles to look for high echo inten-
sity and decreased muscle thickness in 
the FDP in comparison to the adjacent 
flexor carpi ulnaris muscle. The next 
best performing muscle appears to be 
the medial gastrocnemius in the lower 
extremities, which shows high echo 
intensity (in comparison to the soleus) 
and at times selective muscle atrophy in 
IBM. The biggest advantage of muscle 
ultrasound is the portability and ease of 
use and access. The ultrasound equip-
ment ranges from handheld devices that 
are coupled to smart phones, with lim-
ited resolution to bulkier but with higher 
resolution, desktop models. Other mo-
dalities include DEXA, which primarily 
assesses muscle bulk, but does not have 
much more to offer beyond muscle ul-
trasound. There is a need for better lon-
gitudinal studies to study the evolution 

of muscle ultrasound changes in IBM 
muscles.
PET imaging studies are in their infan-
cy, using a variety of PET ligands, some 
FDA approved, and some experimental, 
to characterise the extent and degree of 
muscle pathology in IBM. These in-
clude amyloid and tau-based imaging, 
as well as PET imaging to detect cyto-
toxic T cells in skeletal muscles. There 
is much work that needs to be done on 
the different PET imaging modalities, 
but they are clearly promising. Especial-
ly of interest are the CD8 based ligands 
which offer the potential to be diagnos-
tic and may obviate the need for more 
invasive muscle biopsies; however, this 
works needs to be validated in a larger 
study. PET signal also is dependent on 
the stage of the disease, and thus lon-
gitudinal studies to document the evo-
lution of the PET signal in muscles of 
IBM patients need to be performed. 
Equally importantly with all of these 
imaging modalities is a need to cor-
relate the imaging abnormalities to 
disease related biomarkers, such as to 
blood levels of highly differentiated T 
cells, as well as to disease phenotype, 
and measures of disease progression as 
part of longitudinal natural history stud-
ies. While these imaging modalities are 
both promising and interesting, there 
is much investigative work that needs 
to be performed before some of these 
tools become mainstream and evolve 
into becoming an integral part of up-
dated criteria for the clinical diagnosis 
of IBM and for monitoring disease pro-
gression and treatment response.
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