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Abstract
Objective  This study aimed to 1) develop and test the reliability of a semiquantitative ultrasound score to assess 
muscle quality in patients with rheumatoid arthritis (RA), and 2) evaluate how incorrect adjustments of ultrasound 
settings affect muscle quality assessment.

Methods  The Spanish Ultrasound Muscle Assessment in RA (SpUMAR) Score consisted of a semiquantitative 
0–3 score based on the degree of loss of the normal muscle ultrasound pattern that was agreed upon by 15 
rheumatologists expert in musculoskeletal ultrasound. A total of 164 static ultrasound images of the four bellies of 
the quadriceps muscle from 57 patients with RA were scored by the experts in two rounds. Additionally, the experts 
scored 20 ultrasound images that were acquired with incorrectly adjusted settings, which were interposed among the 
other images. Gwet’s AC2, Fleiss' kappa (κ), Cohen’s κ, applying linear weighting, were used for agreement analysis.

Results  The interobserver reliability of SpUMAR was moderate in both rounds (Gwet’s AC2 [95% CI] 0.57 [0.54–0.60] 
and 0.54 [0.51–0.57], percent agreement 81.76% and 80.28%, respectively). Intraobserver reliability between the two 
rounds was good (Gwet’s AC2 [95% CI] 0.66 [0.64–0.68]). The agreement between the scores given to the images with 
incorrect settings and the original scores for those images was poor in both rounds (κ [95% CI]: 0.27 [0.21–0.33] and 
0.30 [0.24–0.36], respectively).

Conclusion  Multiobserver assessment of muscle quality using the SpUMAR score demonstrated acceptable 
reliability in patients with RA. Incorrect adjustment of ultrasound settings greatly affects muscle quality scoring; 
therefore, their standardised optimisation is necessary for multicentre studies.
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Background
Sarcopenia is a generalised and progressive skeletal mus-
cle disorder that consists of an accelerated loss of muscle 
mass and function, which is associated with increased 
adverse outcomes including falls, functional decline, 
frailty and mortality [1]. Although a wide range of global 
prevalence of sarcopenia has been described (3% to 
24%), depending on the diagnostic criteria used [2], it is 
highly prevalent in the elderly, resulting in a significant 
economic and social burden [3]. Rheumatoid arthritis 
(RA) is a systemic autoimmune inflammatory disease 
that primarily affects the joints and is associated with 
progressive disability and high socioeconomic costs [4]. 
Sarcopenia can be considered a comorbidity of RA [5]. 
Its prevalence is estimated to be as high as 30%, with RA 
patients exhibiting a twofold increased risk compared to 
healthy controls [6].

In addition to the assessment of muscle strength 
through clinical indices, both the quantification of mus-
cle mass and muscle quality are essential to confirm sar-
copenia and evaluate its severity [7]. Musculoskeletal 
ultrasound has been proposed as a potential diagnostic 
tool for sarcopenia in older adults by the European Work-
ing Group on Sarcopenia in Older People [7]. Recently, 
the SARCopenia through UltraSound working group 
updated its recommendations for the standardised mea-
surement of several quantitative parameters in a large 
number of muscles [8].

The reliability of ultrasound-assessed muscle qual-
ity has been rarely studied. Di Matteo et al. developed a 
0–3 semiquantitative score of muscle echogenicity of the 
rectus femoris and vastus intermedius muscles in sev-
eral rheumatic diseases, demonstrating moderate and 
substantial inter- and intraobserver reliability, respec-
tively [9]. However, image acquisition was performed by 
two ultrasonographers using two ultrasound machines, 
which limits the generalizability of the results. Möller 
et al. developed the University of Barcelona Ultrasound 
Scoring System for Sarcopenia, which was used for scor-
ing muscle degeneration severity in the rectus femoris 
and biceps brachii muscles in cadavers [10]. This score 
demonstrated concurrent validity compared to histol-
ogy. Its reliability was very good, but it was tested only 
on 10 specimens and between two observers. To date, no 
specific ultrasound score for assessing muscle quality in 
patients with RA has been published. Moreover, there 
is no consensus on the optimal ultrasound settings for 
assessing muscle quality.

The primary objective of this study was to develop 
and test the reliability of a semiquantitative ultrasound 
score to assess muscle quality in patients with RA. As 

a secondary objective, the study aimed to evaluate the 
impact of incorrect adjustments of ultrasound settings on 
muscle quality assessment.

Methods
The study comprised three steps:

Step 1. Development, consensus, and standardisation of 
the Spanish Ultrasound Muscle Assessment in Rheumatoid 
Arthritis (SpUMAR) score
A working subgroup of 15 rheumatologists with at least 
five years of experience in musculoskeletal ultrasound 
was established through an open call launched by the 
Ultrasound Group of the Spanish Society of Rheuma-
tology (ECOSER). The SpUMAR score was initially pro-
posed by the principal investigators of the study (JM-C 
and EN) and subsequently agreed upon by the rest of the 
group using a nominal group technique through a vir-
tual meeting to review previous scoring systems and to 
discuss and reach group consensus on the novel score. 
SpUMAR score consisted of a semiquantitative 0–3 scale 
based on the degree of loss of the normal muscle B-mode 
ultrasound pattern, consisting of hypoechoic muscle 
fibres well differentiated from hyperechoic fibroadipose 
septa. (Table  1 and Fig.  1). We decided to include four 
grades of muscle quality to balance reliability and poten-
tial sensitivity to change. The four quadriceps muscle bel-
lies (rectus femoris, vastus intermedius, vastus lateralis 
and vastus medialis) were selected for inclusion based on 
previous literature, as most studies assessing sarcopenia 
include the quadriceps muscles [11–13]. Since the differ-
ent bellies of the quadriceps muscle may present varying 
degrees of sarcopenia, the group agreed to generate a 
total index calculated as the sum of the individual grades 
of each muscle.

The ultrasound scanning technique and B-mode set-
tings for assessing the selected muscles were stan-
dardised and agreed by all investigators. Assessment of 
the four quadriceps muscle bellies of the dominant lower 
limb should be performed at the midpoint between the 
anterior superior iliac spine and the proximal end of the 
patella, with the ultrasound probe oriented transversely 
to the long axis of the thigh. Generous use of contact gel 
and minimum pressure with the probe should be adopted 
to avoid muscle compression. Particular attention should 
be given to the correct placement of the probe perpen-
dicular to the area to be examined to avoid changes in 
muscle echogenicity related to anisotropy. In this posi-
tion, the femur cortical bone profile should appear as a 
well-defined hyperechoic line. Each muscle should be 
assessed in B-mode, adjusting frequency, gain, focal 
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area, and dynamic range on each machine to ensure cor-
rect differentiation between muscle fibers and fibroadi-
pose septa in healthy subjects (Supplementary Table  1). 
An electronic atlas comprising 50 representative ultra-
sound images from RA patients acquired by the principal 
investigators, following the agreed scanning procedures, 
showcasing examples of the four grades for each of the 
muscles included in SpUMAR, was distributed and 
agreed upon by all investigators.

Step 2. Development of the image dataset for reliability 
assessment
For the development of the image dataset to conduct the 
reliability exercise, each investigator was asked to col-
lect a total of 16 anonymised ultrasound images, follow-
ing the standardised scanning procedure, including one 
representative image for each grade (0–3) of each muscle 
included in SpUMAR (rectus femoris, vastus interme-
dius, vastus lateralis and vastus medialis), in consecutive 
patients with RA seen in routine clinical practice. Demo-
graphics and RA characteristics were recorded. The same 
ultrasound settings were used in each centre for all evalu-
ations. The principal investigators constructed the final 
image dataset using the images provided by all investiga-
tors, excluding those with suboptimal acquisition quality. 
The final image dataset consisted of a total of 144 ultra-
sound images, ensuring an even distribution of different 
grades (0–3) for each muscle belly.

Additionally, the principal investigators acquired extra 
images representative of the four grades, both with opti-
mal setting and with incorrectly adjusted settings, i.e. 

too high/low gain, frequency, or dynamic range, 1 month 
prior to the reliability exercise. Examples of images of the 
RF muscle obtained with incorrectly adjusted settings are 
shown in the Supplementary Fig. 1. The principal investi-
gators scored the correctly acquired extra images in con-
sensus and these scores were considered the reference 
comparator for the second objective analyses. A total of 
20 extra images acquired with incorrectly adjusted set-
tings were randomly included in the final image dataset. 
Apart from the principal investigators, the other investi-
gators were unaware of the inclusion of images acquired 
with incorrect settings. The order of images in the final 
image dataset was randomized in each round of the reli-
ability exercise.

Step 3. Interobserver and intraobserver reliability exercise
The interobserver and intraobserver reliability exercise 
was conducted during two virtual meetings using Zoom 
platform held one month apart. All investigators partici-
pated in both rounds of the exercise. Each investigator 
was asked to assign a score from 0 to 3 to each of the total 
164 static images, according to the previously agreed 
SpUMAR score (Table 1 and Fig. 1). Image scoring was 
blinded to demographic data and RA characteristics. The 
order of images was randomized in each round to mini-
mise investigators' recall of the scores assigned in the first 
round. A maximum of 20 s was allowed for scoring each 
image.

Statistical analysis
The prevalence of semi-quantitative scores was reported 
as counts and percentages. Interobserver and intrao-
bserver reliability for scoring ultrasound images was 
assessed using Gwet’s AC2, along with Fleiss' kappa (κ) 
and Cohen’s κ, respectively, applying linear weighting. 
The choice to use Gwet’s AC2 was based on the follow-
ing considerations: it is designed for multiple observers, 
and especially appropriate for ordinal scales. In addition, 
it reduces some κ limitations, such as when certain cat-
egories are more frequent than others or when there is 
potential observer bias, i.e., some observers systemati-
cally assign higher or lower scores. Nevertheless, κ was 
also included in the results to facilitate comparison with 
other studies. Agreement between the scores assigned 
to the images acquired with incorrectly adjusted settings 
during the reliability exercise and the scores assigned to 
these images correctly acquired by the principal investi-
gators prior to the reliability exercise were analysed using 
the Fleiss' and Cohen´s κ. κ and Gwet’s AC2 coefficients 
were interpreted according to the Landis and Koch scale 
(0–0.20 considered poor, 0.21–0.40 fair, 0.41–0.60 mod-
erate, 0.61–0.80 good, and 0.81–1.00 very good) [14]. A 
p < 0.05 was considered statistically significant. Data were 

Table 1  Scoring system of muscle quality according to the 
Spanish Ultrasound Muscle Assessment in Rheumatoid Arthritis 
(SpUMAR) Score. Semiquantitative 0–3 scale of the rectus 
femoris, vastus intermedius, vastus lateralis, and vastus medialis 
muscles of the dominant lower limb in transverse view (midpoint 
between the anterior superior iliac spine and the superior border 
of the patella). The total index is based on the sum of the scores 
of each individual muscle (0–12)

Definition
Grade 0 Characterized by a globally hypoechoic ultrasound pattern 

(muscle fibres), with well-defined thin internal hyperechoic 
lines (fibroadipose septa)

Grade 1 Slight alteration of the normal ultrasound pattern, with a 
slight relative increase in overall echogenicity or a slight loss 
in the definition and differentiation of hypoechoic muscle 
fibres and hyperechoic fibroadipose septa

Grade 2 Moderate alteration of the normal ultrasound pattern, with a 
moderate relative increase in overall echogenicity or a mod-
erate loss in the definition and differentiation of hypoechoic 
muscle fibres and hyperechoic fibroadipose septa

Grade 3 Severe alteration of the normal ultrasound pattern, with 
almost complete loss of the normal hypoechoic muscle pat-
tern, which is replaced by a diffuse hyperechoic pattern with 
no clear identification of normal hypoechoic muscle fibres
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analysed using Stata statistical software (StataCorp. 2023. 
Release 19. College Station, TX: StataCorp LLC).

Ethical aspects
The study adhered to the International Conference on 
Harmonisation Good Clinical Practice guidelines and 
Declaration of Helsinki (Fortaleza, 2013). The study pro-
tocol was approved by the Ethics Committee for Research 
with Medicines of Hospital General Universitario Grego-
rio Marañón, Madrid, Spain.

Results
A total of 15 rheumatologists with expertise in muscu-
loskeletal ultrasound from the ECOSER group partici-
pated in the inter- and intraobserver reliability exercise. 
Thirteen out of the 15 investigators participated in the 

acquisition of their respective representative images for 
each muscle to construct the final image dataset for the 
reliability exercise. The model of ultrasound machine 
and the probe frequency range used at each centre for 
image acquisition are shown in Supplementary Table  2. 
A total of 164 images from 57 patients with RA were 
included in the final image dataset; 20 of them were those 
obtained with incorrect ultrasound settings. The demo-
graphic characteristics and RA treatment of the included 
patients are described in Supplementary Table  3. The 
mean (SD) age was 59.9 (14.7) years, 75.4% were women, 
and the mean (SD) RA disease duration was 129.4 (114.2) 
months. A total of 93% of patients were on conven-
tional synthetic disease-modifying antirheumatic drugs 
(DMARD), 47.4% on biologic DMARD, and 5.3% on tar-
geted synthetic DMARD.

Fig. 1  Representative ultrasound images of the Spanish Ultrasound Muscle Assessment in Rheumatoid Arthritis (SpUMAR) scoring system
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Interobserver and intraobserver reliability
The prevalence of the different grades of SpUMAR, as 
determined by the mean prevalence observed across 
observers in both rounds is reported in Supplemen-
tary Table  4. As shown in Table  2, the interobserver 
reliability of the SpUMAR score was moderate in both 
rounds (Gwet’s AC [95% CI] 0.57 [0.54–0.60] and 0.54 
[0.51–0.57], respectively). Additionally, a subanalysis 
was conducted excluding the investigators who did not 
contribute images to the construction of the final image 
dataset to exclude potential bias related to less experi-
ence with the use of SpUMAR score. Interobserver reli-
ability improved in both rounds after the exclusion of 
the two less experienced investigators (Gwet’s AC [95% 
CI] 0.60 [0.57–0.63] and 0.58 [0.55–0.61], respectively). 
Intraobserver reliability between the two rounds was 
good (Gwet’s AC [95% CI] 0.66 [0.64–0.68], percent 
agreement 85.51%) and improved after excluding the 

less experienced investigators (Gwet’s AC [95% CI] 0.69 
[0.67–0.71], percent agreement 86.70%) (Table  2). The 
intraobserver reliability of each individual investigator is 
displayed in Table 3.

Comparison of the scores of the images obtained with 
incorrect ultrasound settings with their reference scores
The agreement between the scores assigned to the images 
acquired with incorrect settings by the 15 investigators 
and by 13 investigators -excluding the principal investi-
gators- during the reliability exercise and those assigned 
by the principal investigators before the reliability exer-
cise is shown in Supplementary Table 5. The agreement 
was poor for the two rounds (κ [95% CI] 0.27 [0.21–0.33]) 
and 0.30 [0.24–0.36] respectively. This agreement was 
poor even for the principal investigators who had previ-
ously acquired and modified the settings of these images 
(Supplementary Table 6).

Discussion
In this study, we developed a consensus-based ultra-
sound score to assess muscle quality in patients with RA, 
which appeared feasible to apply in a multicentre setting. 
Ultrasound is patient-friendly, inexpensive, and a widely 
available imaging modality for use in clinical practice 
and research. However, it is considered operator- and 
machine-dependent. We conducted a reliability exercise 
involving 15 rheumatologists expert in musculoskeletal 
ultrasound. The primary objective was to assess the inter- 
and intraobserver reliability of the SpUMAR score. Our 
score demonstrated moderate interobserver reliability 
and good intraobserver reliability. Moreover, we found 
that incorrect adjustment of ultrasound settings signifi-
cantly impacts the scoring of muscle quality. Therefore, 
standardised optimization is essential to enable the use of 
muscle ultrasound as a reliable tool for assessing muscle 
quality in multicentre studies.

Heckmatt et al. were pioneers in describing muscle 
ultrasound changes in children with muscular diseases, 
such as progressive muscular dystrophy or congenital 
myopathies [15]. They proposed a semiquantitative 1–4 
scale based on the echogenicity of the quadriceps mus-
cle and the bone cortex of the femur, which was useful 
for differentiating patients from healthy controls. Con-
cerning adults, our findings were consistent with those 
obtained by Di Matteo et al. [9], who developed a semi-
quantitative 0–3 score based on the muscle echogenicity 
of the rectus femoris and vastus intermedius muscles. 
However, our study presents several strengths compared 
to theirs. First, the images used to build the final dataset 
for the reliability exercise were obtained by 13 investi-
gators using different ultrasound machines. Although 
it may have negatively impacted the reliability of the 
SpUMAR score, including a large number of centres 

Table 2  Interobserver and intraobserver agreement of the 
SpUMAR score

Interobserver agreement 
(95% CI)

Intraobserv-
er agreement 
(95% CI)Round 1 Round 2

All observers

  Gwet's AC2 0.57 (0.54–0.60) 0.54 
(0.51–0.57)

0.66 
(0.64–0.68)

  Kappa coefficients 0.52 (0.47–0.57) 0.47 
(0.42–0.52)

0.61 
(0.59–0.64)

  Percent agreement 81.76% 80.28% 85.51%

13 observers

  Gwet's AC2 0.60 (0.57–0.63) 0.58 
(0.55–0.61)

0.69 
(0.67–0.71)

  Kappa coefficients 0.54 (0.5–0.59) 0.51 
(0.46–0.56)

0.64 
(0.62–0.67)

  Percent agreement 82.81% 81.88% 86.70%

Table 3  Individual intraobserver reliability of the SpUMAR score 
per investigator
Observer n Percent 

agreement
Gwet's AC2 
(95% CI)

Cohen’s Kappa 
(95% CI)

Investigator 1 144 85% 0.67 (0.60–0.74) 0.57 (0.47–0.66)

Investigator 2 144 83% 0.59 (0.50–0.67) 0.60 (0.52–0.69)

Investigator 3 144 88% 0.72 (0.66–0.78) 0.63 (0.54–0.71)

Investigator 4 144 86% 0.68 (0.62–0.75) 0.61 (0.53–0.70)

Investigator 5 144 84% 0.62 (0.55–0.69) 0.59 (0.51–0.68)

Investigator 6 144 77% 0.46 (0.36–0.56) 0.42 (0.31–0.52)

Investigator 7 144 95% 0.89 (0.84–0.93) 0.83 (0.77–0.90)

Investigator 8 144 89% 0.75 (0.69–0.81) 0.71 (0.63–0.79)

Investigator 9 144 84% 0.64 (0.57–0.71) 0.58 (0.49–0.67)

Investigator 10 144 82% 0.58 (0.51–0.65) 0.53 (0.44–0.61)

Investigator 11 144 79% 0.50 (0.40–0.60) 0.44 (0.33–0.56)

Investigator 12 144 88% 0.73 (0.67–0.80) 0.69 (0.61–0.77)

Investigator 13 144 88% 0.72 (0.65–0.78) 0.64 (0.56–0.73)

Investigator 14 144 89% 0.75 (0.69–0.81) 0.71 (0.63–0.78)

Investigator 15 144 87% 0.68 (0.61–0.75) 0.66 (0.57–0.74)
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clearly enhances its generalizability to real clinical prac-
tice or research, where varying levels of ultrasound 
expertise and different ultrasound machines may exist.
Secondly, our score was specifically designed and tested 
in patients with RA, thereby reducing variability inher-
ent to including patients with multiple rheumatic dis-
eases. Finally, we agreed to sum the individual scores of 
the four quadriceps muscles, to obtain a total index from 
0 to 12 which we believe may be sensitive to change in 
patient follow-up, although this needs to be confirmed 
in future longitudinal studies. In another study, Mollër 
et al. proposed a semiquantitative 1–3 score to assess the 
severity of muscle degeneration [10]. They demonstrated 
a high agreement with histological grading of muscle 
quality and very good inter- and intraobserver reliability. 
However, their live reliability exercise was conducted by 
only two investigators using only 10 cadavers, with both 
rounds separated by only 30 min. In contrast, our study 
involved 15 investigators evaluating a large number of 
images in two rounds separated by one month. In addi-
tion, their scoring system consisted of 3 grades, which, 
although more favourable for intra- and inter-observer 
reliability, is expected to reduce sensitivity to change. 
An important aspect of our scoring system compared 
to others [9, 15] is that it is based on the degree of dif-
ferentiation between the hypoechoic muscle fibers and 
the hyperechoic septa instead of the global muscle echo-
genicity: the predominance of hypoechoic muscle fibers 
over well-defined hyperechoic septa constitutes grade 0. 
The loss of this pattern, with increasing predominance 
of hyperechoic tissue, is observed to varying degrees in 
the following grades. Another strength of this study is 
that the SpUMAR score was agreed upon by all investi-
gators not only through training sessions involving the 
review of images obtained by other investigators, but 
also through their active participation in image acquisi-
tion for use in the reliability exercise. Training in the use 
of SpUMAR through active image acquisition improved 
both inter- and intraobserver reliability. This was shown 
in the subanalysis evaluating the reliability of the score 
after excluding two investigators who did not participate 
in image acquisition.

One potential limitation of assessing muscle qual-
ity with ultrasound is the variability in B-mode settings 
used by different examiners and machines, which can 
negatively affect reliability. To evaluate this aspect, we 
assessed images acquired using incorrect ultrasound 
settings that were interspersed with the rest of images 
used for the reliability exercise. The agreement between 
the scores assigned to the images acquired with incor-
rect settings by the 15 investigators and by 13 investiga-
tors excluding the principal investigators (who acquired 
and modified these images) during the reliability exercise 
and those assigned by the principal investigators before 

the reliability exercise was poor in both rounds. These 
results highlight the great impact of ultrasound settings 
on image interpretation and the need to standardise 
ultrasound settings for muscle quality assessment before 
its use in multicentre studies.

Several weaknesses of our study should be acknowl-
edged. First, for feasibility reasons, we did not conduct 
a live reliability exercise in RA patients, but using static 
images. In addition, the total index (0–12) of muscle 
quality was not tested for reliability. Moreover, in the 
present study, we did not evaluate construct validity of 
ultrasound-based muscle quality using clinical measures 
of muscle strength as comparator. Further studies on 
the reliability of the SpUMAR score and the total index 
of muscle quality in RA patients, as well as its construct 
validity are warranted. We should also acknowledge that 
the same researchers who participated in image acqui-
sition also took part in the reliability exercise. There-
fore, this could potentially improve reliability, especially 
intra-observer reliability. On the other hand, we avoided 
the use of the term sarcopenia in the SpUMAR score, 
as there are no studies on the threshold of normality for 
ultrasound-assessed muscle quality in RA patients. This 
should be addressed in future concurrent and construct 
validity studies comparing ultrasound findings with his-
tological and clinical markers of sarcopenia, respectively.

Conclusion
In summary, the assessment of muscle quality by ultra-
sound using the SpUMAR score in patients with RA was 
feasible and showed acceptable reliability, but incorrect 
ultrasound settings greatly reduced the accuracy of scor-
ing. Further research is warranted to confirm its multiob-
server reliability in RA patients as well as its sensitivity to 
change in longitudinal studies.
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