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Ultrasound measurement
of muscle thickness at the
proximal forearm in a
rheumatologic setting
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ABSTRACT

Objective. To provide a detailed de-
scription of the ultrasound (US) scan-
ning protocol to measure the muscle
thickness in the forearm and to test its
feasibility and interobserver reliability.
Methods. Four rheumatologists trained
in musculoskeletal US carried out the
examinations in 45 subjects (30 consec-
utively enrolled patients and 15 healthy
subjects). Each of the four rheumatolo-
gists took two measurements of each
forearm (radial muscle thickness and
ulnar muscle thickness) and the time
needed to complete the bilateral US as-
sessment was recorded.

Results. The mean time required to ac-
quire all measurements in each subject
was less than four minutes. We found an
excellent interobserver reliability of the
proposed scanning protocol, with an
intraclass correlation coefficient (ICC)
among the four sonographers of 0.97
(CI 0.95-0.98) for the right ulnar mus-
cle thickness, an ICC of 0.97 (CI 0.94—
0.98) for the left ulnar muscle thick-
ness, an ICC of 0.93 (CI 0.89-0.96) for
the right radial muscle thickness and an
ICC of 0.95 (CI 0.91-0.97) for the left
radial muscle thickness.

Conclusion. The results of this study
provide evidence in favour of interob-
server reliability and feasibility of US
measurement of the forearm muscle
thickness.

Introduction

According to the European Working
Group on Sarcopenia in Older People
(EWGSOP), the term sarcopenia de-
fines a syndrome characterised by low
muscle mass and either low muscle
strength (usually measured by hand-
grip strength) or low physical function
(1).

Sarcopenia overlaps the concept of
frailty and has been linked to increased
falling, fragility fractures and lower
mineral bone density (2). This condi-
tion has a considerable impact on di-
rect and indirect healthcare costs (3).
Rheumatic patients, even young adults,
are especially predisposed to develop
sarcopenia in light of the underlying
proinflammatory state, inactivity and
pain (4, 5).

Dual x-ray absorptiometry (DXA) is
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the gold standard modality for the as-
sessment of skeletal muscle mass, but
has some issues concerning radiations,
accessibility and low sensitivity to
small changes (6).

Ultrasound (US) has the potential to be
a good alternative to DXA because is
safe, portable and easily accessible in
many different care settings. Moreover,
it has proven to be a reliable technique
in the assessment of muscle size (7).

A recent systematic review by Nijholt
et al. investigating the validity of US
to quantify muscles in the elderly con-
firmed the reliability of the technique
but highlighted that information regard-
ing the scanning procedure was unclear
in most of the studies (8).

Two studies by Abe et al. demonstrated
that there is a correlation between US
measurement of muscle thickness (MT)
at the proximal forearm and handgrip
strength, which is, as mentioned above,
one of the main features of sarcopenia
(9, 10). These studies were conducted
in older people as well as in young
adults but unfortunately did not accu-
rately explain how to perform the US
measurements and did not assess the
inter-rater reliability of this technique.
The aims of the present study were to
provide a detailed description of the
scanning protocol to measure the MT
in the forearm and to test its feasibility
and interobserver reliability.

Materials and methods

Participants

We enrolled consecutive patients at
the Rheumatology Unit of Carlo Ur-
bani Hospital, in Jesi (Ancona, Italy)
and healthy volunteers recruited from
among our staff. Exclusion criteria
were inability to sit and age <18 years.
Ethics committee approval was not
required as all the patients underwent
clinical and US evaluation according
to our local protocols. All the patients
gave their informed consent. No spe-
cific funding was received from any
bodies in the public, commercial or not-
for-profit sectors to carry out the work
described in this manuscript.

Ultrasound assessment

Four rheumatologists (SC, EC, EF
and GS) trained in musculoskeletal
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US, with a different degree of experi-
ence, carried out the US examinations
using a MyLab ClassC (Esaote SpA)
equipped with a broadband linear
probe (frequency range 4-13 MHz).
All subjects sat in front of the sonog-
rapher with their hands supinated and
the forearms resting on the examining
table in a relaxed position. The probe
was placed on the skin with an appro-
priate amount of gel in order to reduce
the pressure on the scanned tissues.
First, the coronoid process was imaged
according to the “longitudinal scan of
the coronoid recess” as indicated by the
2017 EULAR standardised procedures
for US imaging in rheumatology (11).
Second, the probe was moved distally
following bony cortex until the ulnar
tuberosity was identified (Fig. la-a’).
Immediately distally to the ulnar tuber-
osity the bone turns flat and sharp, and
this was taken as the anatomical refer-
ence to slowly obtain a perpendicular
transverse view, keeping the hyper-
echoic bone in the center of the image
without losing it. During the rotation
the proximal third of the diaphysis of
the radius was imaged. Once that the
90° rotation was completed, with the
US beam perpendicular to the exami-
nation table, two MTs were measured,
the ulnar muscle thickness (UMT) and
the radial muscle thickness (RMT), be-
tween the subcutaneous tissue-muscle
interface and the muscle-bone inter-
face of each bone respectively (Fig.
1b-b’). The measurement of UMT and
RMT of both arms were registered,
as well as the scanning time of all the
examiners.

Tips and tricks

Employing minimal pressure during
acquisition of the image is fundamen-
tal because muscles are easily com-
pressible, hence MT can relevantly
change. An indirect sign of low com-
pression is patency of superficial veins
(Fig. 1b’).

Identifying correctly the subcutaneous
tissue-muscle interface is not always
easy at first glance. It can be therefore
helpful moving the probe proximal and
distal to the measurement landmark in
order to differentiate muscle from the
upper layer of adipose tissue.
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Fig. 1. Representative images of the scanning protocol.
a-a’: longitudinal scan over the proximal ulna (in a’ right is distal). The bone contour of the ulna is
imaged from the coronoid process (CP) to the anatomical reference (arrow) used to obtain a transverse

view, slightly distally to the ulnar tuberosity (UT).

b-b’: transverse scan obtained at the level indicated by the arrow in a’, note the patent vein (V). To
measure the radial muscle thickness (RMT) and the ulnar muscle thickness (UMT) the callipers were
placed between the correspondent bony cortex and the most superficial muscle fascia.

Ra: radius; RMT: radial muscle thickness; UMT: ulnar muscle thickness.

Statistical analysis

Demographic data were analysed us-
ing descriptive statistics. Mean with
standard deviation (SD) and medians
with interquartile ranges were used to
describe these differences. Feasibility
was estimated using the average time
taken to carry out US examination in
each subject. Differences are reported
using both intraclass correlation coef-
ficients (ICC) average measures, with
95% confidence intervals (CI), and
visually by plotting the difference in
change of scores against the mean
change by both raters for determina-
tion of the Smallest Detectable Dif-
ference (SDD). The ICC is regarded
as excellent if above 0.75, if between
0.4 and 0.75 reliability is defined as
fair to good, and below 0.4 reliability
is poor (12). The SDD is a statistical
method for defining measurement error
based on the 95% limits of agreement,

as described by Bland and Altman (13).
The SDD is reader and sample specific
and represents the smallest change in
score that can be discriminated from
the measurement error of the scoring
method. Using the SDD as the thresh-
old level for a definite change in score
ensures that the changes observed are
not due to reading variability.

Results

A total of 45 subjects were enrolled:
15 healthy volunteers recruited from
among our staff, and 30 patients con-
secutively referred because affected by
psoriatic arthritis (n=5), rheumatoid ar-
thritis (n=4), polymyalgia rheumatica
(n=4), fibromyalgia (n=4), spondyloar-
thritis (n=2), systemic lupus erythema-
tosus (n=2), small-vessel vasculitides
(n=2), calcium pyrophosphate deposi-
tion disease (n=1), reactive arthritis
(n=1), systemic sclerosis (n=1), over-
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lap SLE/SSc (n=1), Sjogren syndrome
(n=1), antisynthetase syndrome (n=1)
and undifferentiated connective tis-
sue disease (n=1). The mean+SD age
was 49.7+15 4 years and the mean+SD
BMI was 25.9+4 .2 kg/m>.

The mean time required to acquire all
measurements in each subject was less
than four minutes: SC mean time + SD
was 3.9+1.4 min, EC mean time + SD
was 3.6x1.5 min, EF mean time + SD
was 3.9+1.5 min and GS mean time +
SD was 3.6+1.5 min.

The mean UMT was 36.1+4.2 mm and
the mean RMT was 19.7+3.6 mm.

We found an excellent interobserver
reliability, with an intraclass correla-
tion coefficient (ICC) among the four
sonographers of 0.97 (CI 0.95-0.98)
for the right ulnar muscle thickness,
an ICC of 0.97 (CI 0.94-0.98) for the
left ulnar muscle thickness, an ICC of
0.93 (CI 0.89-0.96) for the right radial
muscle thickness and an ICC of 0.95
(CI10.91-0.97) for the left radial muscle
thickness.

The Bland-Altman plots illustrating
differences of UMT and RMT meas-
urements between the three less ex-
perienced operators (SC, EC and GS)
and the expert one (EF) are showed in
Figure 2 (for UMT measurements) and
Figure 3 (for RMT measurements).
The smallest detectable difference
(SDD) of UMT measurements calculat-
ed between the three less experienced
operators and the expert sonographer
was similar (4.7 mm for SC, 4.8 mm for
EC and 3.8 mm for GS). The smallest
detectable difference (SDD) of RMT
measurements between the three less
experienced operators and the expert
was 5.4 mm for SC, 4.8 mm for EC and
4.8 mm for GS.

The SDD, expressed in percentage of
the range of the variable, ranged from
10.5% to 13.2% for UMT and from
24 4% to 27.4% for RMT.

Discussion

Sarcopenia is a common condition
among older population, and is even
more prevalent in patients affected by
rheumatic diseases.

In particular, Santos et al. studied body
composition phenotype with bioelectri-
cal analysis in systemic lupus erythe-
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matosus and found that sarcopenia has
a higher prevalence compared to age-
matched healthy subjects (5). Similar
results were found in a cohort of anky-
losing spondylitis and psoriatic arthri-
tis (14). Sarcopenia is also a common
feature of systemic sclerosis patients,

especially those with malnutrition (15).
However, most of the recent efforts
are focused on sarcopenia and frailty
among rheumatoid arthritis (RA) pa-
tients and this is a growing hot topic
due to high prevalence and impact on
adverse outcomes (16-19).
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Thus, it is expected that the accuracy
in the assessment of muscle mass will
be an important issue to address, in
rheumatologic and non-rheumatologic
settings. To date, there are only a few
studies assessing the ability of US to
measure the muscle mass and both
scanning technique and validity require
further investigations.

In the present study we proposed a
scanning protocol, based on US land-
marks, which proved to have excellent
feasibility and interobserver reliability,
especially for the assessment of ulnar
muscle thickness. We hope that the con-
ciseness of this technique, explained in
detail in this paper, will prompt other
researchers and clinicians, even with-
out major experience in musculoskel-
etal US, to reproduce it.

The main limitation of this study is
that we only assessed muscle mass at
forearm level, without exploring the
correlation between our measurements
and a reference standard (DXA, CT or
MRI). The choice of this anatomic area
was determined by its accessibility and
by the fact that a correlation between
forearm muscle thickness (in particu-
lar ulnar muscle thickness) and hand-
grip strength has been demonstrated in
healthy subjects (9).

Further research is needed to clarify
the correlation between US meas-
ured forearm muscle thickness, hand-
grip strength and frailty in rheumatic
patients.
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