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ABSTRACT
Sporadic inclusion body myositis 
(sIBM) is a heterogeneous progressive 
inflammatory muscle disease impacting 
skeletal muscles in the head, neck, and 
limbs. Use of valid, reliable, sensitive, 
and standardised clinical and paraclin-
ical outcome assessments (COA) are 
critical to inform both proactive clini-
cal care and clinical trial design. Here 
we review clinical and imaging methods 
used to quantify muscle strength, size, 
or function in sIBM, and discuss their 
application to clinical practice and use 
in clinical trials. Considerations for fu-
ture work to validate measures in this 
population are also discussed.

Introduction
Sporadic inclusion body myositis 
(sIBM) is the most common progres-
sive inflammatory muscle disorder over 
the age of 50 years, affecting males 
predominantly over females at a ratio 
of 2:1 (1, 2). Diagnosis is made using 
both clinical and muscle histology find-
ings and can be complicated by patients 
presenting with some but not all of the 
most common features of disease (3-5). 
Symptom onset is characterised by pre-
dominant weakness of the quadriceps 
and finger flexor muscles with progres-
sion to other muscle groups over time 
resulting in a median time to loss of am-
bulation of 7–10 years from symptom 
onset (6, 7). In addition, oropharyngeal 
and oesophageal muscle weakness fre-
quently result in progressive swallow-
ing difficulties, which can impact a ma-
jority of patients with sIBM, and may be 
an under-reported symptom until severe 
swallowing difficulty is present (7).
To date, there is no approved disease-
modifying treatment available for pa-
tients with sIBM with many clinical tri-
als failing to reach primary efficacy end-

points despite early research to suggest 
these treatments could be promising for 
patients with sIBM. The reason for this 
is likely multifaceted including the lack 
of a full understanding of disease patho-
physiology, heterogeneity within sIBM 
study participants and their disease tra-
jectories, lack of well-characterised dis-
ease biomarkers, treatment effect size, 
as well as considerations within the se-
lected primary and secondary efficacy 
endpoints.
Use of valid, reliable, sensitive, and 
standardised clinical outcome assess-
ments (COA) are critical to inform both 
proactive clinical care and clinical trial 
design. While there are several types 
of COA including patient-reported, ob-
server-reported, clinician-reported, and 
performance based COA, the United 
States Food and Drug Administration 
(FDA) focuses COA on measures that 
report how a patient feels, functions, or 
survives (8). Natural history studies in 
sIBM provide a framework for coun-
selling patients within a multidiscipli-
nary clinic about average expectations 
for disease progression, differentiat-
ing disease-related and unrelated signs 
and symptoms, and aid in identifica-
tion of outlier performance or trajecto-
ries (9, 10). Similarly, standard use of 
COA within a clinical environment can 
guide patient counselling, as key fac-
tors impacting a particular skill can be 
identified, and equipment prescription, 
as time to loss of a particular skill can 
be anticipated (11). Skilled practition-
ers working within a multidisciplinary 
or interdisciplinary clinic should con-
sider the International Classification of 
Functioning (ICF) model as a guide to 
evaluate the impact of sIBM on all of 
the patient’s body structures and func-
tions, activities, and participation in 
their home and community (12). In ad-
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dition, use of clinician-administered, 
patient-reported, and/or other standard-
ised testing (e.g. imaging) in isolation 
or in combination can drive clinical care 
and clinical trial design.
With these considerations in mind, here 
we describe and compare the utility of 
clinician-observed and patient-reported 
tools to available imaging techniques 
assessing limb and bulbar musculature 
in sIBM to guide clinical practice and 
inform future clinical trial design.

Limbs - skeletal muscle: 
clinical assessments
There have been several retrospective 
and prospective studies aiming to bet-
ter understand and characterise disease 
progression in sIBM. Most frequently, 
strength testing across several muscles 
group has been assessed using manual 
muscle testing (MMT) (6, 10, 13-18), 
hand-held dynamometry (HHD) (9, 14-
17, 19-21), and/or quantitative muscle 
testing (QMT) using a fixed system 
with force transducers and load cells (6, 
10, 11, 22-24). While the exact muscle 
groups and methods of strength testing 
differ across studies, knee extensors 
and finger flexors, including pinch and 
hand grip, were most frequently as-
sessed (6, 9-11, 13-24). In longitudinal 
studies, overall grouped strength de-
clines ranged between 2–8% per year, 
whereas strength in individual muscle 
groups (i.e. quadriceps muscle strength) 
has been reported to decline as much as 
17–27% in one year (6, 9-11, 14-16, 19, 
24). These studies highlight that spe-
cific muscles are preferentially affected 
in patients with sIBM (e.g. quadriceps, 
finger flexors), thus averaging muscle 
loss across a large number of groups 
has the potential to wash out the mean-
ingfulness of change in a particular 
muscle. When considering future clini-
cal trial design, it is important to care-
fully consider a proposed agent’s treat-
ment effect in a targeted muscle group 
versus systemically across the body to 
ensure appropriate selection of muscle 
groups to strength test and capture signs 
of treatment efficacy. Similarly, the 
method of strength testing is important 
to consider as MMT is likely to be less 
sensitive to small changes over time as 
sufficient strength is required to reach 

the threshold required to shift between 
grades. HHD and QMT may be more 
sensitive to small changes in strength 
over time, but meaningful change and 
relationship to function should be eval-
uated. Lastly, while strength testing is 
commonly included in natural history 
studies, inter-rater or test-retest reliabil-
ity are rarely reported and are key to in-
terpreting study findings or comparing 
results across cohorts.
Clinician-administered functional test-
ing, such as timed tests and evaluator 
administered and scored motor compos-
ite scales, has been reported but much 
less frequently than strength testing in 
sIBM (11, 16, 21-23). While most re-
ports were correlational in nature, there 
is a consistent but variable decline over 
time across all functional measures. 
More frequently, functional surveys 
such as the inclusion body myositis 
functional rating scale (IBMFRS) (25-
27), Rivermead Mobility Index, and/or 
sIBM weakness composite index were 
described (2, 6, 9, 10, 13, 14, 16) due 
to their ease of administration and scor-
ing and composite design provide a to-
tal score across all included constructs. 
While these composite scales have clin-
ical utility and have been included in 
several clinical trials, it is important to 
note that an improvement, or stability, 
across multiple domains is required to 
demonstrate efficacy. Thus, for clinical 
trials with a targeted mechanism of ac-
tion, any treatment effect can be washed 
out when totalling a score across the 
scale if all domains (i.e. swallowing, 
upper extremity function, and mobility) 
are not impacted by the investigational 
agent. Conversely, COA covering one 
specific construct (i.e. timed functional 
tests) may be more sensitive to efficacy 
signals if conducted in a standardised 
manner to reduce sources of variability 
on performance.
Lastly, patient-reported outcomes (PRO) 
are key to quantifying the patient’s own 
perspective on disease progression and 
the impact on their independence with 
activities of daily living and quality of 
life. There is a renewed interest in incor-
porating the patient voice into clinical 
trials as both the United States FDA and 
European Medicines Agency (EMA) 
have issued guidance on the topic (28, 

29). PRO can be health indices that eval-
uate a patient’s perception of the disease 
impact on their own functional ability 
or be quality of life assessments which 
can quantify the effects of other exter-
nal factors on their overall well-being 
(e.g. depression, anxiety). Most often 
health indices are included as explora-
tory endpoints as treatments are more 
likely to impact functional change and 
independence with activities than other 
external factors, such as depression, in 
patients with sIBM. The Sporadic Inclu-
sion Body Myositis Functional Assess-
ment (sIFA) is the only PRO specifically 
designed in accordance with the FDA 
PRO guidance with input from treating 
clinicians and patients with sIBM (30, 
31). The sIFA is a composite PRO scale 
evaluating swallowing, lower extremity, 
and upper extremity functioning with 
established convergent and discrimi-
native validity in validation cohorts of 
patients with sIBM (30, 31). While the 
sIFA has been included in few studies 
to date, authors did report a significant 
difference in sIFA score between the 
high dose cohort and placebo group in 
the RESILIENT trial of bimagrumab in 
sIBM suggesting its potential sensitivity 
to change in response to treatment (32).
While there is a foundation of literature 
outlining the general natural history of 
sIBM disease progression, divergent 
trajectories, and inclusion of clinician-
administered and patient-reported tools, 
there is an urgent need for prospective 
clinical trial readiness studies that shift 
the focus from characterisation of dis-
ease to critical analysis of available 
COA and identification of any gaps ne-
cessitating novel COA development for 
sIBM (Table I). Valid, reliable, and sen-
sitive COA with robust psychometric 
properties and standardised administra-
tion have the potential to enable proac-
tive clinical care and hasten the transla-
tion of therapeutics through data-driven 
clinical trial design.
An initial step towards that goal was 
recently initiated. A prospective natural 
history study in sIBM is currently ongo-
ing across 12 US sites and plans to en-
rol 150 patients fulfilling the European 
Neuromuscular Centre (ENMC) 2011 
criteria for IBM (NCT05046821). After 
baseline evaluation, participants will be 
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followed up every 6 months for 2 years 
and will be tested for NT5c1A antibody 
status. In addition to investigating mus-
cle and blood derived lymphocytes, this 
study will measure the rates of decline 
in IBMFRS score and TUG and will 
quantify decline in respiratory func-
tion (FVC [supine], MIP and MEP). 
Additional outcome measures assess-
ing swallow function (Sydney Swallow 
Questionnaire (33) and Eating Assess-
ment Tool (EAT-10) (34) are also em-
ployed, along with QOL using National 
Institutes of Health Patient-Reported 
Outcomes Measurement Information 
System (PROMIS) questionnaires (35, 
36)) and the sIFA (30, 31).

Limbs - skeletal muscle: 
imaging
A variety of imaging techniques used 
to assess sIBM have been investi-
gated (37, 38). Thus far, the modal-
ity of choice to image musculature in 
sIBM is magnetic resonance imaging 
(MRI). MRI provides a sensitive and 
non-invasive method of investigat-
ing musculature (39). MRI is useful in 
identifying optimal muscles for biopsy. 
Although not part of the formal ENMC 
criteria, muscle MRI has been used in 
clinical practice as a diagnostic tool to 
supplement examination findings and 
other investigations (such as creatinine 
kinase, electromyography and biopsy) 

(40). MRI may have utility in patients 
who cannot undergo biopsy or when 
histology is inconclusive. Muscle MRI 
is useful not only in the acute setting but 
also identifying chronic changes (Fig. 
1). In clinical practice, fat suppressed 
T2 sequences such as short tau inver-
sion recovery (STIR) helps identify 
fluid accumulation in muscle; thereby 
detecting oedema reflective of active 
inflammation (41, 42). These changes 
appear as a hyperintense signal. STIR 
sequences are also helpful in recogni-
tion of necrosis and regeneration (41). 
T1 weighted images are more useful 
for detecting more progressive features 
such as fatty replacement of muscle and 
assessing atrophy (41). However, there 
are some disadvantages to MRI includ-
ing costs and patient contraindications, 
such as claustrophobia, metal implants 
and certain cardiac devices. Oedema is 
present to a lesser extent in sIBM when 
compared to other idiopathic inflam-
matory myopathies (IIMs) and when it 
is present, it tends to be seen in distal 
muscles (37). Instead, there is a predi-
lection for atrophy and fat deposition in 
the forearms and anterior compartment 
of the thighs. Muscles characteristically 
involved include the quadriceps mus-
cles, flexor digitorum profundus (FDP) 
and medial gastrocnemius. The degree 
of atrophy tends to be more marked in 
the distal portion of the quadriceps (es-

pecially the vastus medialis and vastus 
intermedius) which gives a “melted 
appearance” (37). Of the quadriceps 
muscles, it is often reported that rectus 
femoris is relatively spared in sIBM. 
The atrophy of the vastus intermedius 
and lateralis, compared to the relatively 
unaffected fascia can often manifest 
as the ‘undulating fascia sign’ on MRI 
in sIBM patients (37, 42). However, it 
should be noted that this sign is not en-
tirely specific to sIBM and can be seen 
in other IIMs (42). Despite MRI being 
often used to complement the diagnostic 
work up for sIBM, there are no stand-
ardised criteria for use of MRI in the di-
agnosis of sIBM, and the interpretation 
of images in everyday clinical practice 
remains subjective. 
A variety of semi-quantitative scoring 
tools looking at MRI features such as 
muscle oedema, fascial oedema and fat 
accumulation have been developed for 
IIMs, but have yet to be developed for 
sIBM (43). Quantitative tools for as-
sessing muscle using MRI have been 
developed for research purposes. The 
most frequently used parameters for 
measuring intramuscular fat accumula-
tion include transverse relaxation frac-
tion (T2), magnetisation transfer ratio 
(MTR) and fat fraction. MTR and T2 
detect changes in water distribution 
and fat content (44, 45). MRI Dixon 
Fat water imaging is frequently used 

Table I. Summary of select clinical outcome assessments (COAs) for limb strength and function and their use/validation status in sIBM.

Assessment/measurement obtained during 	 Type of assessment	 Validated in sIBM	 Not validated but	 Promising for future
clinical examination		  patients	 used in sIBM	 validation as clinical
			   patients per published	 trial COA
			   research	

Strength testing: manual muscle testing, 	 Performance outcome	 No	 Yes	 Potentially
     hand-held dynamometry, fixed system 	
6-minute walk test	 Performance outcome	 No	 Yes	 No
2-minute walk test	 Performance outcome	 No	 Yes	 Yes
Timed Up and Go	 Performance outcome	 No	 Yes	 Yes
4-stair climb	 Performance outcome	 No	 Yes	 Yes
sIBM weakness composite index	 Performance outcome	 No	 Yes	 Potentially
Sollerman hand function test	 Performance outcome	 No	 Yes	 Potentially
Purdue Pegboard	 Performance outcome	 No	 Yes	 Potentially
IBMFRS	 Clinician-reported	 No	 Yes	 Potentially
sIFA	 Patient-reported	 Yes	 Yes	 Yes
PROMIS 	 Patient-reported	 No	 Yes	 Potentially
Rivermead Mobility Index	 Observer- or Patient-reported	 No	 Yes	 Potentially

IBMFRS: inclusion body myositis functional rating scale; sIFA: sporadic inclusion body myositis physical functioning assessment; PROMIS: patient-
reported outcomes measurement information system.
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to measure fat fraction, which quanti-
fies fat content on a 0–100% scale. In 
addition to assessing fat accumulation, 
quantitative MRI can be used to meas-
ure the size of the functioning muscle 
area also referred to as the remaining 
muscle area (RMA); which can be es-
timated by using the cross-sectional 
area. Morrow et al. conducted a lon-
gitudinal study comparing the validity 
of quantitative MRI to other COAs in 
sIBM, Charcot-Marie-Tooth disease 1A 
(CMT1A) and healthy controls (46). 
The authors demonstrated a significant 
increase in fat fraction values in thigh 
and calf muscles of sIBM patients af-
ter a year. Thigh muscle fat fraction 
showed a strong negative correlation 
with Medical Research Council (MRC) 
Sum score, lower limb components 
of IBMFRS and 36-Item Short Form 
Health Survey questionnaire. Knee ex-
tension strength measured on myometry 
correlated with the RMA. Similar find-
ings have been described in other stud-
ies, with fat fraction showing strong 
negative correlation with the IBMRFS, 
MRC sum scores and modified Rankin 
scores (47, 48). These studies provide 
support for the use of quantitative MRI 
as outcome measures in clinical trials. 
Lassche et al. demonstrated that fat ac-
cumulation measured by quantitative 

MRI T1 weighed images moderately 
correlated with semi-quantitative his-
topathology sum scores with the caveat 
that quantitative assessment of fatty in-
filtration is not be reliably assessed in 
Turbo Inversion Recovery Magnitude 
(TIRM) hyperintense muscles(49). 
Muscle oedema detected on TIRM also 
correlated with the degree of inflamma-
tion observed on histopathology. These 
observations suggest that quantitative 
MRI corroborates with changes in mus-
cle composition in damaged muscles 
of sIBM patients and could potentially 
help track disease progression. Another 
MRI modality that has been studied in 
sIBM is MRI spectroscopy; however, 
its utility has yet to ascertained.
The role of using ultrasound (US) in 
evaluating muscle abnormalities sIBM 
has also been studied. Increased echo-
genicity within muscle is indicative of 
fat infiltration (48, 50, 51). Increased 
echogenicity on US in FDP and medial 
gastrocnemius has the potential to dif-
ferentiate sIBM from other myopathies 
(50, 51). Guimares et al. compared the 
use of US to whole body MRI in 12 
sIBM patients (52). The accuracy and 
inter-reader reliability for detecting 
abnormalities between MRI and US 
was similar. However, further study 
with larger study populations and com-

parison to regional MRI is desirable. 
Although its diagnostic role has been 
assessed, any relationship between US 
findings and clinical features or COAs 
has yet to be elucidated.
Dual-energy x-ray absorptiometry 
(DEXA) has revealed reduced levels 
of lean body mass in sIBM, and DEXA 
has been used as secondary end point is 
some recent drug trials for sIBM (32, 
53, 54).
Lastly, there have been a few studies 
that have investigated the use of posi-
tron emission tomography with com-
puted tomography (PET-CT) in sIBM 
(55-57). These studies take advantage 
of the observation that beta amyloid is 
deposited in muscle fibres (58). Amy-
loid PET has already shown utility in 
clinical practice with respect to the di-
agnosis of Alzheimer’s disease (59). 
Therefore, PET tracers that bind to beta 
amyloid have been explored in sIBM; 
Pittsburgh Compound B ([11C]PIB) 
and [18F]florbetapir are the tracers that 
have been investigated in sIBM at the 
time of publication (55-57). Lilleker et 
al. noted [18F]florbetapir standardised 
uptake value ratios (SUVRs) to be sig-
nificantly increased in sIBM in compar-
ison to polymyositis (55). However to-
tal [18F]florbetapir SUVRs correlated 
poorly with clinical measures such as 

Fig. 1. MRI appearances in a patient with sIBM. Axial T1-weighted (A1) and STIR (A2) images of the thigh at baseline (A1 and A2), and axial T1-weighted 
(B1) and STIR (B2) images of the thigh of the same patient eight years later (B1 and B2). Images show significant progression of intramuscular fat accu-
mulation; intramuscular fat accumulation is evident as hyperintensity on T1-weighted images while acute muscle inflammation is evident as hyperintensity 
on STIR images.
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disease duration, MMT and IBMFRS. 
[11C]PIB standardised uptake values 
(SUVs) were shown to be significantly 
increased in the gastrocnemius muscles 
of sIBM when compared to other con-
trols with neuromuscular disease (57). 
Noto et al. found ([11C]PIB SUVs to be 
significantly increased in all muscles 
of sIBM patients when compared with 
other types of IIMs (56). No correlation 
was noted between SUVs and clini-
cal assessments (IBMFRS, MRC sum 
score and disease duration). Again, the 
sample sizes of these studies apprais-
ing the clinical use of PET-CT have 
been small; further investigation into 
any clinical relationship and PET-CT is 
needed.

Head and neck - swallowing: 
clinical assessments
Dysphagia (disordered swallowing) is 
extremely common in sIBM and can 
contribute to morbidity and mortality 
(60), although its pathophysiology re-
mains poorly understood (61). Weak-
ness in orofacial, pharyngeal, and oe-
sophageal musculature is hypothesised 
to contribute to the swallowing impair-
ments observed in sIBM, subsequently 
impacting swallowing safety and effi-
ciency. Common dysphagia symptoma-
tology in sIBM includes globus sensa-
tion (likely secondary to cricopharyn-
geus muscle dysfunction), multiple 

swallows, reduced base of tongue re-
traction and pharyngeal constriction, 
and reduced hyolaryngeal excursion, 
which often result in unsafe and/or in-
efficient swallows (60, 62, 63). Unsafe 
swallowing results in ingested mate-
rial entering the airway (i.e. aspiration), 
while inefficiency can lead to slowed 
bolus clearance and bolus collection 
(residue). Accumulation of residue may 
also result in subsequent aspiration of 
material, which can result in airway ob-
struction or pulmonary complications, 
such as aspiration pneumonia.
Alterations in swallowing function can 
be gradual and subtle in sIBM, thus 
the patient may not be overtly aware 
of such changes or may perceive such 
alterations as minor or attributable to 
another cause (e.g. ageing). As such, 
self-report measures alone are not suf-
ficient, as swallowing difficulty is often 
underreported (62, 64). Routine moni-
toring of swallowing function is critical 
to document progression of dysfunction 
(if present) and to develop a targeted 
management plan. If there are swallow-
ing concerns, a formal evaluation by a 
speech-language pathologist is warrant-
ed. Unfortunately, to date, we are not 
aware of any validated clinical meas-
ures of swallowing function specific to 
sIBM (Table II). Therefore, at this time 
and until specific COAs measures are 
developed and validated, clinicians and 

researchers may adapt and use a meas-
ure that has been validated in another 
patient population or included a hetero-
geneous patient sample with caution.
Screening questions and validated 
screening tools may identify “at-risk” 
individuals for aspiration/dysphagia 
and dysarthria as the outcome is pass or 
fail. These tools can be used by physi-
cians, nurses, dietitians, and/or speech 
language pathologists depending on 
the environment and training. Validated 
screening measures often employ the 
patient to consume a large volume of 
water (65, 66), as silent aspiration has 
previously been observed to be vol-
ume-dependent (66), and at times also 
include quick simple observations of 
other signs of oropharyngeal difficulties 
(67). Other at-risk signs may include, 
but are not limited to, overt cranially in-
nervated musculature dysfunction, on-
set of coughing during or immediately 
after eating, and unintentional weight 
loss. At-risk symptoms potentially re-
ported by the patient may include, but 
also are not limited to, difficulty with 
foods once enjoyed, feeling of food 
“getting stuck” (globus sensation) or 
regurgitation of liquids/foods. An inves-
tigation by Cox and colleagues revealed 
two questions that reliably predicted the 
presence of dysphagia (identified on im-
aging as either repetitive swallowing, 
pharyngeal residue or cricopharyngeal 

Table II. Summary of select clinical outcome assessments (COAs) for swallowing function and their use/validation status in sIBM.

Assessment/Measurement obtained 	 Type of assessment	 Validated in sIBM	 Not validated but	 Promising for future
during clinical examination		  patients	 used in sIBM 	 validation
			   patients per published 
			   research	

EAT-10	 Patient-reported	 No	 Yes	 Yes
FOIS	 Patient-reported or Observer 	 No	 Yes	 Yes
	 (clinician)-reported 	
TWST	 Observer-reported	 No	 No	 Potentially
TOMASS	 Observer-reported	 No	 No	 Potentially
Lingual strength	 Performance- based	 No	 Yes	 Yes
Voluntary cough testing	 Performance- based	 No	 Yes	 Yes

Assessment/Measurement obtained during imaging (FEES or VFSS)	
PAS	 Observer-reported	 No	 Yes	 Yes
MBSImP	 Observer-reported	 No	 No	 Yes
DIGEST	 Observer-reported	 No	 No	 Yes
Pharyngeal manometry values	 Performance- based	 No	 Yes	 Yes

EAT-10: Eating Assessment Tool; FOIS: Functional Oral Intake Scale; TWST: Timed Water Swallow Test; TOMASS: Test of Masticating and Swallowing Sol-
ids; PAS: Penetration Aspiration Scale; MBSImP: Modified Barium Swallow Impairment Profile; DIGEST: Dynamic Imaging Grade of Swallowing Toxicity.
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dysfunction): the necessity of repeated 
swallowing and globus sensation (62). 
Patients failing the screen are consid-
ered “at-risk” and should be referred 
for a comprehensive swallowing assess-
ment, which often includes imaging.
The aims of a comprehensive swal-
lowing assessment are to determine 
the underlying neurophysiological and 
pathophysiological causes of dyspha-
gia and guide treatment planning. This 
typically starts with a clinical (bedside) 
swallowing assessment (CSA). In ad-
dition to obtaining relevant medical/
surgical and psychosocial history, a 
comprehensive clinical swallow assess-
ment may include examination of cra-
nial nerve integrity (V, VII, IX, X and 
XII, along with cervical and pharyngeal 
plexuses), PRO (e.g. EAT-10 (34)), and 
COA (e.g. Functional Oral Intake Scale 
(FOIS) (68)). Both the EAT-10 and the 
FOIS scale have been used in limited 
studies with some sIBM patients (69, 
70), although they have not yet been 
validated in this population. Frequently, 
swallow trials are also employed as part 
of the CSA and may range from vari-
ous volumes of liquids to various food 
textures depending upon current patient 
status and functioning level. Clinicians 
typically make subjective observations 
based on these trials. 
Standardised and objective clinical 
measures of swallow trials can be added 
to contribute important quantified data 
to the CSA. Examples include the Timed 
Water Swallow Test (TWST (71)) and 
the Test of Masticating and Swallow-
ing Solids (TOMASS (72)), which both 
provide normative data and are not yet 
validated in sIBM. Additional objective 
measurements that can provide valuable 
insights for treatment planning include 
measures of lingual strengthening (63) 
and respiratory/cough function. Lin-
gual strength measurements are com-
pleted with a handheld oral manometry 
device including air-filled bulbs that 
are positioned inside the oral cavity 
(between the tongue and the hard pal-
ate). The patient is asked to press their 
tongue as hard as they can or perform 
a swallow, so that maximum isometric 
pressures or swallowing pressures can 
be obtained. Maximum lingual strength 
has been shown to decrease with time 

in one patient with sIBM and Sjögren’s 
syndrome, while progressive lingual 
strengthening slowed the progression of 
this lingual strength loss and extended 
functional swallowing performance 
(63). Therefore, it could be another 
measure to monitor oral functioning, but 
large-scale study is needed. 
Since respiratory weakness may also 
occur in sIBM (73), a measure of air-
way clearance capacity (e.g. voluntary 
cough testing) may provide clinically 
meaningful information to guide man-
agement decisions (74). Although di-
agnostic accuracy of voluntary cough 
testing performance for predicting aspi-
ration has been reported in other pro-
gressive neurogenic populations (e.g. 
Parkinson’s disease (75)), the authors 
are unaware of such a study in sIBM.
Although a comprehensive CSA can be 
very insightful and necessary part of a 
swallowing assessment, unfortunately, 
it does not adequately detail underly-
ing biomechanical impairment(s) con-
tributing to dysphagia, which makes it 
difficult to solely rely on the CSA to 
develop a thorough individualised and 
targeted management plan. Therefore, 
if a patient is identified as having dif-
ficulty swallowing, imaging should be 
used to confirm and detail the biome-
chanical pathophysiology to best in-
form patient care.

Head and neck - swallowing: 
imaging
Imaging is considered the gold stand-
ard for definitively diagnosing dyspha-
gia. The two most commonly employed 
instrumental procedures to assess swal-
lowing function are flexible endoscopy 
and videofluoroscopy. Validated tools 
have been developed which can be em-
ployed with both methods to describe 
safety and efficiency, although these 
have not been specifically validated in 
sIBM. For example, the Dynamic Im-
aging Grade of Swallowing Toxicity 
(DIGEST) which was initially validat-
ed for use with videofluoroscopy has 
recently been validated for use with 
endoscopy (76). Although DIGEST 
was validated originally in the head 
and neck cancer population, it has been 
used in investigations with neurogenic 
populations, such as ALS (77).

Flexible endoscopic evaluation of swal-
lowing (FEES) uses a flexible endo-
scope to directly visualise the larynx 
and hypopharynx, allowing the clinician 
to evaluate laryngeal function (vocal 
fold mobility) and pharyngeal secretion 
management. Additional advantages 
are that it is a well-tolerated procedure 
employed at bedside, which allows for 
easy repeatability of the exam to docu-
ment change, and can provide feedback 
to train therapeutic strategies deemed 
effective in promoting a safe and ef-
ficient swallow (78). Unfortunately, 
visualisation may be temporarily ob-
structed (commonly referred to as the 
“white-out” period) due to tissue abut-
ting against the camera during the phar-
yngeal swallow. Further, visualisation 
of the oral and oesophageal “phases” of 
swallowing are not feasible, and thus, 
impairments must be inferred based 
on pharyngeal observations before and 
after the swallow (e.g. regurgitation of 
material through the cricopharyngeus/
upper oesophageal sphincter). Validated 
tools have been published to document 
swallow safety and efficiency observed 
during FEES, such as the Penetration-
Aspiration Scale (PAS) (79), and the 
Yale Pharyngeal Residue Severity Rat-
ing Scale (80). A more recent standard-
ised method combines safety and effi-
ciency measures with FEES – the Visual 
Analysis of Swallowing Efficiency and 
Safety, which was validated using pa-
tients with unspecified neurodegenera-
tive disease (81).
The videofluoroscopic swallow study 
(VFSS) is a radiographic procedure 
performed jointly by speech-language 
pathology and radiology that allows 
for visualisation of the entire swallow 
mechanism (oral cavity to stomach) 
and uses contrast material (barium) to 
evaluate direction of bolus flow and if 
material remains (residue). The VFSS 
is also commonly known as a modified 
barium swallow study. Increasingly, 
the VFSS has also been recognised as 
being a useful method to screen for oe-
sophageal clearance issues (82). Swal-
low safety observed during VFSS is 
most commonly measured using the 
PAS (83) which remains a frequent out-
come measure reported in swallowing-
related investigations. Further, the PAS 
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has also been used as an outcome vari-
able in two treatment studies including 
patients with sIBM (63, 84). Because 
swallow safety is a consequence of 
swallowing function and biomechan-
ics, other standardised tools have been 
developed to more accurately describe 
the underlying impairment contributing 
to impaired safety and efficiency. One 
such tool is the Modified Barium Swal-
low Impairment Profile, which quanti-
fies swallowing impairment across 15 
physiologic components across three 
functional domains (oral, pharyngeal 
and oesophageal) and includes 2 addi-
tional components related to oral and 
pharyngeal residue (85).
More recently, high resolution manom-
etry (HRM) has become increasingly 
employed in both clinical practice and 
research to investigate pharyngeal and 
upper oesophageal pressures. Because 
cricopharyngeal dysfunction is a com-
mon impairment in this population (60), 
HRM may guide management, particu-
larly if surgery is being considered as 
a therapeutic option. Finally, new ex-
citing imaging methods are now under 
optimisation, such as dynamic MRI or 
simultaneous dynamic MRI and func-
tional MRI (SimulScan) (86, 87). Such 
techniques, upon optimisation and vali-
dation, can provide objective data on 
neuromuscular contributions, muscle 
performance, and brain activity during 
swallowing and other bulbar events and 
could prove to be valuable additional 
imaging tools for clinic and research. 
Olthoff et al. (87) examined the swal-
lowing function in a cohort of sIBM 
patients using VFSS or FEES plus dy-
namic real time (RT)-MRI. Although, 
they found that dysphagia identifica-
tion was feasible using both imaging 
modalities (VFSS/FEES and RT-MRI) 
and correlated well with a quality-of-
life assessment related to dysphagia, 
differences in temporal resolution be-
tween imaging modalities should be 
considered. This, however, encourages 
continued efforts to optimise dynamic 
MRI as an additional imaging tool to 
evaluate dysphagia.
Dysphagia is a recognised, although of-
ten under-reported, symptom of sIBM. 
Previous investigations have detailed 
swallowing impairments observed in 

these patients (61). Standardisation of 
assessment procedures, whether em-
ploying clinical or imaging procedures, 
will improve reliability of findings, 
allow for better documentation of dis-
ease progression, and enhance com-
munication amongst team members, 
all of which will better inform patient 
management planning. Because stand-
ardised and validated tools do not yet 
exist to evaluate swallowing function in 
sIBM, we currently recommend a bat-
tery of tools, including use of published 
CSA and PRO tools validated in other 
neuromuscular populations, and imag-
ing for comprehensive assessments.

Conclusion
While there has been a great foundation 
of work to date focused on characteris-
ing sIBM disease, including enhanced 
understanding of general disease pro-
gression and underlying pathophysiolo-
gy, there remains an urgent need to crit-
ically appraise, validate, and develop 
objective, valid and reliable measures 
in order to achieve clinical trial readi-
ness in sIBM. Natural history studies in 
sIBM have provided insight and ena-
bled informed clinical counselling and 
care management, although most work 
has focused primarily on the impact of 
disease progression on motor function 
and its impacts on activities of daily liv-
ing. Further research is needed to truly 
understand the prevalence, symptom 
onset, and the underlying pathophysiol-
ogy of bulbar dysfunction (dysphagia 
and dysarthria) in sIBM. These learn-
ings would promote rational recom-
mendations for proactive management 
and would facilitate the development 
and validation of COAs that accurately 
quantify abilities and change over time. 
Various imaging techniques are avail-
able to better characterise underlying 
pathophysiology in sIBM in both limb 
muscles and bulbar musculature and 
function. Careful evaluation with vali-
dated COAs reliably measuring disease 
progression and its impact on abilities 
will inform future treatment plans and 
the development of more targeted dis-
ease-modifying therapeutics.
In preparation for future trials, it is 
critical to have validated and standard-
ised COAs, which must relate to how 

a patient feels, functions, and survives 
(8). There is much work to be done to 
validate meaningful and responsive 
COAs in sIBM, as there is no one COA 
that will meet the needs of every future 
clinical trial. While systemic treatments 
resulting in amelioration of disease 
is the ultimate goal, the field must be 
prepared to measure change or slowed 
progression of disease in more targeted 
systems (e.g. swallowing, fine motor 
control, or walking speed) and identify 
early signals of treatment effect(s) that 
could warrant continued therapeutic de-
velopment. Similarly, imaging methods 
may be useful to detect early changes 
in tissue function and quality or mus-
cle size, which can serve as a surrogate 
endpoint measures. However, demon-
strating the eventual impact of imag-
ing and its relationship to function will 
likely hasten acceptance of these meth-
ods by regulators. Well-designed, pro-
spective clinical trial readiness studies 
are key to providing the supporting data 
to validate COAs for use in sIBM, to 
ensure data consistency and reliability, 
to improve interpretability of trial re-
sults and to optimise detection of treat-
ment effect if present.
COA selection is a multifaceted pro-
cess requiring careful consideration of 
patient cohort characteristics, a thor-
ough understanding of COA properties, 
while also understanding the unique 
needs of the clinic or trial including the 
proposed mechanism of action and an-
ticipated treatment effect, among oth-
ers. Rigorously designed prospective 
sIBM clinical trial readiness studies can 
inform clinical trial design and maxim-
ise interpretability of future trial results 
through a systematic critical analysis of 
COA validity, reliability, and sensitiv-
ity to change. Understanding of how 
a COA functions within a population 
can then inform the design of inclu-
sion and exclusion criteria to address 
cohort heterogeneity, guide selection of 
study endpoints, and inform trial dura-
tion and visit schedule. Use of clinical 
and paraclinical COAs with robust psy-
chometric properties can guide clinical 
care, reduce variability across a trial to 
ease interpretation of treatment efficacy 
and hasten translation of products to 
market.



411Clinical and Experimental Rheumatology 2022

Clinical assessments versus imaging in IBM / L.N. Alfano et al.

Funding
S. Salam is supported by a UCL Queen 
Square Institute of Neurology and 
Cleveland Clinic London MPhil/PhD 
Neuroscience Fellowship. 
P.M. Machado is supported by the    
National Institute for Health Research 
(NIHR) University College London 
Hospitals (UCLH) Biomedical Re-
search Centre (BRC).

Competing interests
L.N. Alfano reports royalties and other 
support from Sarepta Therapeutics; roy-
alties for licensed technologies and other 
support from Novartis Gene, Therapies; 
honoraria from Biogen and provides 
consultancy through ATOM Internation-
al (Amicus, Catabasis, Genethon, Ital-
farmaco, NS Pharma, Pfizer, PTC Ther-
apeutics) outside the submitted work. 
P.M. Machado has received consulting/
speaker’s fee from Abbvie, BMS, Cel-
gene, Eli Lilly, Galapagos, Janssen, MSD, 
Novartis, Orphazyme, Pfizer, Roche and 
UCB, all unrelated to this work. 
M.M. Dimachkie serves or recently 
served as a consultant for Amazentis, Ar-
genX, Catalyst, Cello, Covance/Labcorp, 
CSL-Behring, EcoR1, Janssen, Kezar, 
Momenta, NuFactor, Octapharma, RaP-
harma/UCB, Roivant Sciences Inc, RMS 
Medical, Sanofi Genzyme, Shire Takeda, 
Scholar Rock, Spark Therapeutics, Third 
Rock and UCB Biopharma and received 
research grants or contracts or educa-
tional grants from Alexion, Alnylam 
Pharmaceuticals, Amicus, Biomarin, 
Bristol-Myers Squibb, Catalyst, Corbus, 
CSL-Behring, FDA/OOPD, GlaxoS-
mithKline, Genentech, Grifols, Kezar, 
Mitsubishi Tanabe Pharma, MDA, NIH, 
Novartis, Octapharma, Orphazyme, Ra 
Pharma/UCB, Sanofi Genzyme, Sarep-
ta Therapeutics, Shire Takeda, Spark 
Therapeutics, The Myositis Association, 
UCB Biopharma/RaPharma, Viromed/
Healixmith and TMA. 
The other authors have declared no com-
peting interests.

References
  1.	NADDAF E, BAROHN, RJ, DIMACHKIE, MM: 

Inclusion body myositis: Update on patho-
genesis and treatment. Neurotherapeutics 
2018; 15: 995-1005.

  2.	PALTIEL AD, INGVARSSON E, LEE DK et al.: 
Demographic and clinical features of inclu-
sion body myositis in North America. Muscle 

Nerve 2015; 52: 527-33.
  3.	BRADY S, SQUIER W, HILTON-JONES D: 

Clinical assessment determines the diagnosis 
of inclusion body myositis independently of 
pathological features. J Neurol Neurosurg 
Psychiatry 2013; 84: 1240-6.

  4.	BRADY S, SQUIER W, SEWRY C et al.: A ret-
rospective cohort study identifying the prin-
cipal pathological features useful in the diag-
nosis of inclusion body myositis. BMJ Open 
2014; 4: e004552.

  5.	GRIGGS RC, ASKANAS V, DIMAURO S et al.: 
Inclusion body myositis and myopathies. 
Ann Neurol 1995; 38: 705-13.

  6.	CORTESE A, MACHADO P, MORROW J et al.: 
Longitudinal observational study of sporadic 
inclusion body myositis: implications for 
clinical trials. Neuromuscul Disord 2013; 23: 
404-12.

  7.	SHELLY S, MIELKE MM, MANDREKAR J et 
al.: Epidemiology and natural history of in-
clusion body myositis: a 40-year population-
based study. Neurology 2021; 96: e2653-
e2661.

  8.	FOOD AND DRUG ADMINISTRATION: Center 
for Drug Evaluation and Research. Clinical 
outcome assessment (COA) qualification 
program: frequently asked questions [online]. 
Available at: https://www.fda.gov/drugs/
clinical-outcome-assessment-coa-qualifica-
tion-program/clinical-outcome-assessment-
coa-qualification-program-frequently-asked-
questions. Accessed January 13, 2022.

  9.	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: 76-82.

10.	SANGHA G, YAO B, LUNN D et al.: Longi-   
tudinal observational study investigating out-
come measures for clinical trials in inclusion 
body myositis. J Neurol Neurosurg Psychia-
try 2021 Apr 13.

11.	ALFANO LN, YIN H, DVORCHIK I et al.:   
Modeling functional decline over time in 
sporadic inclusion body myositis. Muscle 
Nerve 2017; 55: 526-31.

12.	WORLD HEALTH ORGANIZATION: Interna-
tional Classification of Functioning, Disabil-
ity, and Health: ICF. Geneva2001.

13.	BENVENISTE O, GUIGUET M, FREEBODY J 
et al.: Long-term observational study of spo-
radic inclusion body myositis. Brain 2011; 
134: 3176-84.

14.	COX FM, TITULAER MJ, SONT JK et al.:          
A 12-year follow-up in sporadic inclusion 
body myositis: an end stage with major dis-
abilities. Brain 2011; 134: 3167-75.

15.	FELICE KJ, NORTH, WA: Inclusion body 
myositis in Connecticut: observations in 35 
patients during an 8-year period. Medicine 
(Baltimore) 2001; 80: 320-7.

16.	HOGREL JY, ALLENBACH Y, CANAL A et al.: 
Four-year longitudinal study of clinical and 
functional endpoints in sporadic inclusion 
body myositis: implications for therapeutic 
trials. Neuromuscul Disord 2014; 24: 604-10.

17.	LINDBERG C, PERSSON LI, BJORKANDER 
J, OLDFORS A: Inclusion body myositis: 
clinical, morphological, physiological and 
laboratory findings in 18 cases. Acta Neurol 
Scand 1994; 89: 123-31.

18.	PENG A, KOFFMAN BM, MALLEY JD,            
DALAKAS MC: Disease progression in spo-
radic inclusion body myositis: observations 
in 78 patients. Neurology 2000; 55: 296-8.

19.	ALLENBACH Y, BENVENISTE O, DECOSTRE 
V et al.: Quadriceps strength is a sensitive 
marker of disease progression in sporadic in-
clusion body myositis. Neuromuscul Disord 
2012; 22: 980-6.

20.	DAHLBOM K, GEIJER M, OLDFORS A, 
LINDBERG C: Association between muscle 
strength, histopathology, and magnetic reso-
nance imaging in sporadic inclusion body my-
ositis. Acta Neurol Scand 2019; 139: 177-82.

21.	ERIKSSON M, LINDBERG C: Hand function 
in 45 patients with sporadic inclusion body 
myositis. Occup Ther Int 2012; 19: 108-16.

22.	ALFANO LN, LOWES LP, DVORCHIK I et al.: 
The 2-min walk test is sufficient for evalu-
ating walking abilities in sporadic inclusion 
body myositis. Neuromuscul Disord 2014; 
24: 222-6.

23.	LOWES LP, ALFANO L, VIOLLET L et al.: 
Knee extensor strength exhibits potential to 
predict function in sporadic inclusion-body 
myositis. Muscle Nerve 2012; 45: 163-8.

24.	ROSE MR, MCDERMOTT MP, THORNTON CA 
et al.: A prospective natural history study of 
inclusion body myositis: implications for 
clinical trials. Neurology 2001; 57: 548-50.

25.	JACKSON CE, BAROHN RJ, GRONSETH G et 
al.: Inclusion body myositis functional rating 
scale: a reliable and valid measure of disease 
severity. Muscle Nerve 2008; 37: 473-6.

26.	RAMDHARRY G, MORROW J, HUDGENS S et 
al.: Investigation of the psychometric prop-
erties of the inclusion body myositis func-
tional rating scale with rasch analysis. Mus-
cle Nerve 2019; 60: 161-8.

27.	LIN AY, CLAPP M, KARANJA E et al.: A cross-
sectional study of hand function in inclusion 
body myositis: Implications for functional 
rating scale. Neuromuscul Disord 2020; 30: 
200-6.

28.	EUROPEAN MEDICINES AGENCY: Commit-
tee for Medicinal Products for Human Use 
(CHMP). Reflection Paper on the Regula-
tory Guidance for the Use of Health-Related 
Quality of Life (HRQL) Measures in the 
Evaluation of Medicinal Products [online]. 
Available at: https://www.ema.europa.eu/
en/documents/scientific-guideline/reflection-
paper-regulatory-guidance-use-healthrelat-
ed-quality-life-hrql-measures-evaluation_
en.pdf. Accessed January 13, 2022.

29.	U.S. DEPARTMENT OF HEALTH AND HU-
MAN SERVICES: Food and Drug Administra-
tion. Guidance for Industry: patient-reported 
outcome measures: use in medical product 
development to support labeling claims [on-
line]. Available at: https://www.fda.gov/me-
dia/77832/download. Accessed January 13, 
2022.

30.	DEMURO C, LEWIS S, LOWES L et al.:         
Development of the sporadic inclusion body 
myositis physical functioning assessment. 
Muscle Nerve 2016; 54: 653-7.

31.	WILLIAMS V, COLES T, GNANASAKTHY A 
et al.: Psychometric validation of a patient-
reported measure of physical functioning in 
sporadic inclusion body myositis. Muscle 
Nerve 2016; 54 :658-65.



412 Clinical and Experimental Rheumatology 2022

Clinical assessments versus imaging in IBM / L.N. Alfano et al.

32.	HANNA MG, BADRISING UA, BENVENISTE O 
et al.: Safety and efficacy of intravenous bim-
agrumab in inclusion body myositis (RESIL-
IENT): a randomised, double-blind, placebo-
controlled phase 2b trial. Lancet Neurol 2019; 
18: 834-44.

33.	DWIVEDI RC, ST ROSE S, ROE JW et al.:    
Validation of the Sydney Swallow Question-
naire (SSQ) in a cohort of head and neck can-
cer patients. Oral Oncol 2010; 46: e10-14.

34.	BELAFSKY PC, MOUADEB DA, REES CJ et 
al.: Validity and reliability of the Eating As-
sessment Tool (EAT-10). Ann Otol Rhinol 
Laryngol 2008; 117: 919-24.

35.	NATIONAL INSTITUTES OF HEALTH:          
Patient-reported outcomes measurement in-
formation system (PROMIS) [online]. Avail-
able at: https://commonfund.nih.gov/promis/
index Accessed January 13, 2022.

36.	LIN AY, SIENER CS, FAINO AV et al.:             
Optim-izing hand-function patient outcome 
measures for inclusion body myositis. Neu-
romuscul Disord 2020; 30: 807-14.

37.	KUBINOVA K, DEJTHEVAPORN R, MANN 
H, MACHADO PM, VENCOVSKY J: The role 
of imaging in evaluating patients with idi-
opathic inflammatory myopathies. Clin Exp 
Rheumatol 2018; 36 (Suppl. 114): S74-81.

38.	RIDER LG, AGGARWAL R, MACHADO PM et 
al.: Update on outcome assessment in myosi-
tis. Nat Rev Rheumatol 2018; 14: 303-18.

39.	DAY JA, BAJIC N, GENTILI S, PATEL S, LI-
MAYE V: Radiographic patterns of muscle 
involvement in the idiopathic inflammatory 
myopathies. Muscle Nerve 2019; 60: 549-57.

40.	ROSE MR, GROUP EIW: 188th ENMC Inter-
national Workshop: Inclusion Body Myositis, 
2-4 December 2011, Naarden, The Nether-
lands. Neuromuscul Disord 2013; 23: 1044-55.

41.	ADAMS EM, CHOW CK, PREMKUMAR A, 
PLOTZ PH: The idiopathic inflammatory my-
opathies: spectrum of MR imaging findings. 
Radiographics 1995; 15: 563-74.

42.	PILANIA K, JANKHARIA B: Role of MRI in 
idiopathic inflammatory myopathies: a re-
view article. Acta Radiol 2022; 63: 200-13.

43.	KUBINOVA K, MANN H, VENCOVSKY J: MRI 
scoring methods used in evaluation of mus-
cle involvement in patients with idiopathic 
inflammatory myopathies. Curr Opin Rheu-
matol 2017; 29: 623-31.

44.	SINCLAIR CD, MORROW JM, MIRANDA MA 
et al.: Skeletal muscle MRI magnetisation 
transfer ratio reflects clinical severity in pe-
ripheral neuropathies. J Neurol Neurosurg 
Psychiatry 2012; 83: 29-32.

45.	WILLCOCKS RJ, ARPAN IA, FORBES SC et 
al.: Longitudinal measurements of MRI-T2 
in boys with Duchenne muscular dystrophy: 
effects of age and disease progression. Neu-
romuscul Disord 2014; 24: 393-401.

46.	MORROW JM, SINCLAIR CDJ, FISCHMANN A 
et al.: MRI biomarker assessment of neuro-
muscular disease progression: a prospective 
observational cohort study. Lancet Neurol 
2016; 15: 65-77.

47.	ANSARI B, SALORT-CAMPANA E, OGIER A 
et al.: Quantitative muscle MRI study of pa-
tients with sporadic inclusion body myositis. 
Muscle Nerve 2020; 61: 496-503.

48.	GUIMARAES JB, ZANOTELI E, LINK TM et 
al.: Sporadic inclusion body myositis: MRI 

findings and correlation with clinical and 
functional parameters. AJR Am J Roentgenol 
2017; 209: 1340-7.

49.	LASSCHE S, KUSTERS B, HEERSCHAP A et 
al.: Correlation between quantitative MRI 
and muscle histopathology in muscle biop-
sies from healthy controls and patients with 
IBM, FSHD and OPMD. J Neuromuscul Dis 
2020; 7: 495-504.

50.	NOTO Y, SHIGA K, 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: 745-8.

51.	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: 
996-1002.

52.	GUIMARAES JB, CAVALCANTE, WCP, CRUZ, 
IAN et al.: Musculoskeletal ultrasound in in-
clusion body myositis: a comparative study 
with magnetic resonance imaging. Ultra-
sound Med Biol 2021; 47: 2186-92.

53.	AMATO AA, HANNA MG, MACHADO PM et 
al.: Efficacy and safety of bimagrumab in 
sporadic inclusion body myositis: long-term 
extension of RESILIENT. Neurology 2021; 
96: e1595-e1607.

54.	AHMED M, MACHADO PM, MILLER A et al.: 
Targeting protein homeostasis in sporadic in-
clusion body myositis. Sci Transl Med 2016; 
8: 331ra341.

55.	LILLEKER JB, HODGSON R, ROBERTS M et 
al.: [18F]Florbetapir positron emission to-
mography: identification of muscle amyloid 
in inclusion body myositis and differentiation 
from polymyositis. Ann Rheum Dis 2019; 78: 
657-62.

56.	NOTO YI, KONDO M, TSUJI Y et al.: Diag-
nostic value of muscle [(11)C] PIB-PET in 
inclusion body myositis. Front Neurol 2019; 
10: 1386.

57.	MAETZLER W, REIMOLD M, SCHITTEN-
HELM J et al.: Increased [11C]PIB-PET lev-
els in inclusion body myositis are indicative 
of amyloid β deposition. J Neurol Neurosurg 
Psychiatry 2011; 82: 1060-2.

58.	MACHADO PM, AHMED M, BRADY S et al.: 
Ongoing developments in sporadic inclusion 
body myositis. Curr Rheumatol Rep 2014; 
16: 477.

59.	KOLANKO MA, WIN Z, LORETO F et al.:    
Amyloid PET imaging in clinical practice. 
Pract Neurol 2020; 20: 451-62.

60.	OH TH, BRUMFIELD KA, HOSKIN TL, 
KASPERBAUER JL, BASFORD JR: Dysphagia 
in inclusion body myositis: clinical features, 
management, and clinical outcome. Am J 
Phys Med Rehabil 2008; 87: 883-9.

61.	MOHANNAK N, PATTISON G, HIRD K, NEED-
HAM M: Dysphagia in patients with sporadic 
inclusion body myositis: management chal-
lenges. Int J Gen Med 2019; 12: 465-74.

62.	COX FM, VERSCHUUREN JJ, VERBIST BM et 
al.: Detecting dysphagia in inclusion body 
myositis. J Neurol 2009; 256: 2009-13.

63.	MALANDRAKI GA, KAUFMAN A, HIND J 
et al.: The effects of lingual intervention in 
a patient with inclusion body myositis and 
Sjögren’s syndrome: a longitudinal case study. 
Arch Phys Med Rehabil 2012; 93: 1469-75.

64.	GOYAL NA, MOZAFFAR T: Dysphagia in  
inclusion body myositis, a disease of the el-
derly. OBM Geriat 2021; 5: 13.

65.	BRODSKY MB, SUITER DM, GONZALEZ-
FERNANDEZ M et al.: Screening accuracy for 
aspiration using bedside water swallow tests: 
a systematic review and meta-analysis. Chest 
2016; 150: 148-63.

66.	LEDER SB, SUITER DM, GREEN BG: Silent 
aspiration risk is volume-dependent. Dys-
phagia 2011; 26: 304-9.

67.	MARTINO R, SILVER F, TEASELL R et al.:    
The Toronto Bedside Swallowing Screening 
Test (TOR-BSST): development and valida-
tion of a dysphagia screening tool for pa-
tients with stroke. Stroke 2009; 40: 555-61.

68.	CRARY MA, MANN GD, GROHER ME: Initial 
psychometric assessment of a functional oral 
intake scale for dysphagia in stroke patients. 
Arch Phys Med Rehabil 2005; 86: 1516-20.

69.	ALLEN J, BLAIR, D, MILES, A: Assessment 
of videofluoroscopic swallow study findings 
before and after cricopharyngeal myotomy. 
Head Neck 2017; 39: 1869-1875.

70.	GIANNINI M, FIORELLA ML, TAMPOIA M et 
al.: Long-term efficacy of adding intrave-
nous immunoglobulins as treatment of re-
fractory dysphagia related to myositis: a ret-
rospective analysis. Rheumatology (Oxford) 
2021; 60: 1234-42.

71.	HUGHES TA, WILES CM: Clinical measure-
ment of swallowing in health and in neuro-
genic dysphagia. QJM 1996; 89: 109-16.

72.	HUCKABEE ML, MCINTOSH T, FULLER L et 
al.: The Test of Masticating and Swallow-
ing Solids (TOMASS): reliability, validity 
and international normative data. Int J Lang 
Commun Disord 2018; 53: 144-56.

73.	TEIXEIRA A, CHERIN P, DEMOULE A et al.: 
Diaphragmatic dysfunction in patients with 
idiopathic inflammatory myopathies. Neuro-
muscul Disord 2005; 15: 32-9.

74.	WATTS SA, TABOR L, PLOWMAN EK:             
To cough or not to cough? Examining the 
potential utility of cough testing in the clini-
cal evaluation of swallowing. Curr Phys Med 
Rehabil Rep 2016; 4: 262-76.

75.	PITTS T, TROCHE M, MANN G et al.: Using 
voluntary cough to detect penetration and as-
piration during oropharyngeal swallowing in 
patients with Parkinson disease. Chest 2010; 
138: 1426-31.

76.	STARMER HM, ARRESE L, LANGMORE S et 
al.: Adaptation and validation of the Dynam-
ic Imaging Grade of Swallowing Toxicity for 
Flexible Endoscopic Evaluation of Swallow-
ing: DIGEST-FEES. J Speech Lang Hear 
Res 2021; 64: 1802-10.

77.	CHAPIN JL, GRAY LT, VASILOPOULOS T et al.: 
Diagnostic utility of the amyotrophic lateral 
sclerosis Functional Rating Scale-Revised to 
detect pharyngeal dysphagia in individuals 
with amyotrophic lateral sclerosis. PLoS One 
2020; 15: e0236804.

78.	LANGMORE SE, SCARBOROUGH DR, KELCH-
NER LN et al.: Tutorial on clinical practice for 
use of the fiberoptic endoscopic evaluation 
of swallowing procedure with adult popula-
tions: Part 1. Am J Speech Lang Pathol 2022; 
31: 163-87.

79.	BUTLER SG, MARKLEY L, SANDERS B, 
STUART A: Reliability of the penetration as-



413Clinical and Experimental Rheumatology 2022

Clinical assessments versus imaging in IBM / L.N. Alfano et al.

piration scale with flexible endoscopic evalu-
ation of swallowing. Ann Otol Rhinol Laryn-
gol 2015; 124: 480-3.

80.	NEUBAUER PD, RADEMAKER AW, LEDER 
SB: The Yale Pharyngeal Residue Severity 
Rating Scale: an anatomically defined and 
image-based tool. Dysphagia 2015; 30: 521-
8.

81.	CURTIS JA, BORDERS JC, PERRY SE, PERRY 
SE, DAKIN AE, SEIKALY ZN, TROCHE MS: 
Visual Analysis of Swallowing Efficiency 
and Safety (VASES): a standardized ap-
proach to rating pharyngeal residue, penetra-

tion, and aspiration during FEES. Dysphagia 
2021 Apr 10 Online ahead of print.

82.	REEDY EL, HERBERT TL, BONILHA HS:   
Visualizing the esophagus during modified 
barium swallow studies: a systematic review. 
Am J Speech Lang Pathol 2021; 30: 761-71.

83.	ROSENBEK JC, ROBBINS JA, ROECKER EB, 
COYLE JL, WOOD JL: A penetration-aspira-
tion scale. Dysphagia 1996; 11: 93-8.

84.	MOHANNAK N, PATTISON G, RADICH B et 
al.: Exploring the efficacy of the expiratory 
muscle strength trainer to improve swallow-
ing in inclusion body myositis: A pilot study. 

Neuromuscul Disord 2020; 30: 294-300.
85.	MARTIN-HARRIS B, BRODSKY MB, MICHEL 

Y et al.: MBS measurement tool for swallow 
impairment--MBSImp: establishing a stand-
ard. Dysphagia 2008; 23: 392-405.

86.	PAINE TL, CONWAY CA, MALANDRAKI GA, 
SUTTON BP: Simultaneous dynamic and func-
tional MRI scanning (SimulScan) of natural 
swallows. Magn Reson Med 2011; 65: 1247-
52.

87.	OLTHOFF A, CARSTENS PO, ZHANG S et al.: 
Evaluation of dysphagia by novel real-time 
MRI. Neurology 2016; 87: 2132-8.


