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Abstract

Objective Unlike most muscular dystrophies that progress symmetrically at a constant rate, facioscapulohumeral muscular
dystrophy (FSHD) is characterized by stepwise, asymmetric progression of muscle wasting, and weakness. Muscle tissue is
progressively replaced by fat; however, its relation to preceding inflammation is unclear. In this longitudinal study of FSHD,
we assessed muscle inflammation and fat replacement and their relation quantitatively. We also investigated whether fat
replacement in muscle varies along its length.

Methods Forty-five patients with FSHD were evaluated twice, 14 months apart. Using MRI sequences with short TI inver-
sion recovery (STIR), we quantified the degree of STIR hyperintensity in muscles (>2 SD above control intensity). STIR
hyperintensities (STIR+) suggest edema or inflammation. We used Dixon MRI to quantify fat content.

Results Of 370 thigh muscles, 83 were STIR+ at baseline and 103 at follow-up. The highest frequency of STIR+ was seen
in muscles with inter-mediate fat content (40-60% fat). The progression of fat replacement was higher in STIR+muscles
(5.0+£4.0%) vs. STIR— muscles [2.3 +3.3% (P <0.0001)]. In addition, muscles with severe STIR+ at baseline had a higher
fat replacement progression than muscles with milder STIR+ (R=0.39, P=0.001). The fat content was higher in the distal
part vs. proximal part of most muscles (P <0.05). However, the progression of the fat replacement was uniform along the
length of all the muscles.

Conclusion Muscles with STIR+, indicating inflammation, have a faster progression of fat replacement than STIR— muscles,
and the fat replacement progression correlated with the severity of STIR+.

Keywords Facioscapulohumeral muscular dystrophy - FSHD - MRI - STIR - Dixon

Abbreviations Introduction

ANOVA Analysis of variance

FSHD Facioscapulohumeral muscular dystrophy Facioscapulohumeral muscular dystrophy type 1 (FSHD)
SD Standard deviation is an inherited neuromuscular disease caused by contrac-
STIR Short TI inversion recovery tions of D474 repeats on chromosome 4q35, resulting in lost
STIR+  STIR hyperintensity repression of the myotoxic protein, DUX4 [1]. Unlike most
STIR—  No STIR hyperintensity other muscular dystrophies, which are slowly progressive

and symmetric, FSHD is characterized by stepwise, asym-
metric progression of muscle wasting and weakness of facial
and upper girdle muscles [2]. Abdominal, paraspinal, and
lower extremity muscles are also involved [3]. There is no
curative treatment of the disease and up to one-fourth of
patients with FSHD become wheelchair-dependent [2, 3].
In the development of a treatment for FSHD, it is impor-
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in the other muscular dystrophies, muscle tissue is replaced
by fat during the course of the disease. However, the rate of
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of the muscles is unknown. In a recent MRI study of 45
patients with FSHD [4], we investigated the disease progres-
sion in back and leg muscles over 1 year and detected two
modes of progression; one with a slowly progressive decline
as found in other muscular dystrophies, but also another with
a stepwise disease progression. Most muscles had a slow and
widespread progression in fat replacement of 2.2% annually,
while some had a faster progression of 9.9% annually [4].
It has been proposed that muscle inflammation contributes
to the pathophysiology of FSHD and that it precedes the
muscle destruction. Studies that have investigated muscle
inflammation and fat replacement in FSHD have suggested
that severe muscle inflammation predicts a faster fat replace-
ment of muscle [5-7]. However, the link between muscle
inflammation and fat replacement was unclear, since some
inflamed muscles did not progress in fat content and other
muscles progressed in fat content without prior inflamma-
tion. Muscle inflammation can be investigated using MRI
sequences with short TI inversion recovery (STIR). STIR
hyperintensities (STIR+) visualize edema and biopsies of
STIR+ muscles have shown inflammatory changes [7, 8].
We hypothesized that muscle inflammation precedes the
faster muscle degeneration seen in FSHD. We developed a
quantifying method using STIR sequences that allowed us to
identify and quantify the edematous changes in muscle that
indicate inflammation. Furthermore, we quantified muscle
fat content using Dixon MRI sequences, and investigated the
relation between muscle inflammation and fat replacement
in FSHD over 14 months.

To further shed light on the pathophysiology and dis-
ease progression in FSHD, we also investigated whether fat
replacement in muscle varies along its length and if it pro-
gresses from one part to another.

Methods
Ethical approval

All participants gave their informed consent to partici-
pate prior to their inclusion and the study was conducted
in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki. The study was approved by
the Danish National Committee on Health Research Eth-
ics (approval number: H-3-2012-163, 41665, 43449) and
registered at Clinicaltrials.gov (identifier: NCT02159612).

Study design and subjects
In this study, we present the results of new MRI analyses
performed on the MR images of participants of a previous

longitudinal MRI study that we performed at Copenhagen
Neuromuscular Center, Rigshospitalet, Denmark from
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March 2013 to March 2015 [3, 4]. Forty-five patients with
genetically verified FSHD type 1 were evaluated by MR scan
twice, 436.3 +43 days apart (range 359-560 days).

MRI

We scanned all participants using a 3.0 T Siemens scanner
(MAGNETOM Verio Tim System; Siemens AG, Erlangen,
Germany). The MRI protocol for thighs and calves included
localizers, T1-weighted images, and two-point Dixon, using
parameters described before [4]. We also scanned the thighs
with STIR sequences (field of view 400 mm, TE 29 ms, TR
3300 ms, and slice thickness 6.0 mm). The entire protocol
was completed within 45 min.

Muscle fat content and STIR intensity

We mapped all thigh muscles manually on the slice corre-
sponding to the middle of the thigh at baseline and follow-
up. Muscle fat content was calculated using Dixon images
by expressing the fat signal as a percentage of the total water
and fat signal as described before [9]. The precision of the
manual mapping has previously been established (Pearson
product moment correlation: R=0.976, P <0.0001, n=_80)
[4].

We developed a new method to quantify the degree of
muscle edema using STIR images. High-signal intensities
on STIR images, or STIR hyperintensities, indicate edema.
In our method, we used histograms of the signal intensity of
all pixels in a mapped muscle and determined the number of
pixels above a defined upper reference limit, referred to as
elevated pixels. Muscles with less than 2.5% elevated pixels
were defined as being STIR-negative (STIR—). Muscles with
more than 2.5% elevated pixels were defined as being STIR-
positive (STIR+). The percentage of elevated pixels will also
be referred to as the degree or severity of the hyperintensity.

We defined the upper reference limit using 121 unaffected
FSHD muscles. These control muscles had no visually
detectible STIR hyperintensities and had normal fat content
(below 20%). The signal intensities of the control muscles
were similar to healthy controls’ and were normally distrib-
uted. We, therefore, used control muscles from the patients
with FSHD. The upper reference limit of signal intensity
was set at 2 SD above the mean of the control muscles. The
cut-off value of 2.5%, at which a muscle was considered to
be STIR+, was based on the fact that, in a normal distribu-
tion, 95% of values lie within 2 SD of the mean, 2.5% in a
lower tail, and 2.5% in an upper tail. The signal intensity of
all images was normalized to an unaffected muscle.

Three months after analysis of all the scans, 19 ran-
dom baseline and follow-up scans were re-analyzed show-
ing a high level of reliability (Pearson product moment
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correlation: R=0.977, P<0.0001, n=171). One trained
evaluator (JRD) performed all the analyses using the Horos
software.

All muscles were also evaluated visually on the STIR
sequences assessing qualitatively the presence or absence
of signal hyperintensity in each muscle. The evaluator was
blinded to the quantitative determination of fat content and
STIR intensity.

Proximal-distal gradient

In addition to the muscle mapping performed at 50% of the
length of the right femur, we mapped quadriceps, rectus
femoris, sartorius, and semimembranosus at 35 and 60% of
the length of femur. In the calf, we mapped the right anterior
and posterior tibialis muscles and the medial gastrocnemius
muscle at slices corresponding to 25, 35, and 45% of the
length of tibia. The images were analyzed by two evalu-
ators using the Horos software (JRD and TK). Intraclass
correlation coefficient was 0.998 (95% confidence interval
0.996-1.0).

Sub-groups of muscles

To be able to compare muscles with different fat content,
progression of fat content and degree of STIR signal inten-
sity, we grouped the muscles into sub-groups using cut-off
values (Table 1). Shifting these values by +5% did not
change the main results of this study.

Statistical analyses

Statistical analysis was performed using SPSS v25 and val-
ues are mean =+ standard deviation (SD) unless otherwise
stated. A P value of <0.05 was considered significant.

ANOVA was used for investigating the proximal—distal
gradient and the fat content progression from baseline to
follow-up. P values were Bonferroni corrected.

Results
Muscle fat content and STIR intensity

Forty-three patients were included in the muscle inflamma-
tion and fat content analyses and nine thigh muscles were
evaluated in each patient. Seventeen muscles were excluded
from the analysis due to missing paired STIR or Dixon data,
resulting in a total of 370 analyzed muscles.

Thirty-three patients had at least one STIR+ muscle at
baseline and 34 at follow-up. Of all 370 muscles, 83 were
STIR+ at baseline and 103 at follow-up. The muscles with
the highest number of STIR+lesions were the adductor mag-
nus (Myysetine = 185 Noniow-up = 18), the long head of biceps
femoris (Npysetine = 153 Ngriow-up = 22), and semitendinosus
(nbaseline = 15’ nfollow—up = 18)

Whether a muscle was STIR+ or STIR— was also evalu-
ated qualitatively by visual inspection. In 82% of the 370
muscles, the visual and the quantitative assessments showed
agreement. In the majority (84%) of the 18% of muscles
where the two methods showed discrepancy, the quantita-
tive method detected STIR+ that was not visually detectible.

When investigating the evolution of the STIR hyperin-
tensities from baseline to follow-up, we found that muscles
with new STIR+ lesions and muscles with an increase in the
severity of the hyperintensity had lower muscle fat content
than the other muscles (Table 2; Fig. 1). The highest fat
content was seen in muscles that were STIR+ at baseline
and STIR— at follow-up. The majority of the muscles that
remained STIR— from baseline to follow-up had muscle fat
content below 30% or above 70%.

All muscles had a significant increase in fat content from
baseline to follow-up of 2.89% annually (P < 0.0001), which
is about a 14 times higher rate than the 0.2% annual increase
reported in healthy adults [10]. The absolute progression of
fat replacement was higher in STIR+ muscles, 5.0 +4.0%,
than in STIR— muscles, 2.3 +3.3% (P <0.0001). There was
a weak correlation between the severity of the hyperintensity

Table 1 Characteristics of
370 muscles at baseline and

follow-up

Type Sub-group N Definition
Fat content at baseline Low 216 <40% Fat
Inter-mediate 31 40-60% Fat
High 123 >60% Fat
Progression of fat content from  Slow and continuous 216 <5% Change in fat
baseline to follow-up Fast and stepwise 123 >5% Change in fat
STIR status as baseline STIR— 287 <2.5% Elevated pixels
STIR+ 63 2.5-13% Elevated pixels
STIR++ 14 13-26% Elevated pixels
STIR+++ 6 26-42% Elevated pixels

STIR- STIR-negative muscles, STIR+ STIR-positive muscles
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Table 2 Characteristics of 370 muscles at baseline and follow-up

Baseline Follow-up N  Baseline fat content (%) Change in fat

content (%)

STIR—  STIR- 262 41.3+29.3 22433
STIR+ 25 27.1+13.4% 28+3.4
STIR+ STIR+1 24 272+175% 4.6+3.8%
STIR+ 39 39.8+215 4.5+4.4%
STIR+ | 15 41.6+23.0 6.8+3.9%"
STIR— 5 60.5+21.3" 52+2.8

STIR- STIR-negative muscles, STIR+ STIR-positive muscles, 1:
increase in signal hyperintensity, |: decrease in signal hyperintensity

*Significantly different from the STIR— muscles that remained nega-
tive over the follow-up period (P <0.05)

TSignificantly different from the STIR— muscles that became
STIR+ at follow-up (P <0.05)

at baseline and the progression of fat replacement among
STIR+ muscles, i.e., as the severity of the hyperintensity
increased, the fat replacement also increased (R=0.39,
P=0.001; Fig. 2).

Arranging muscles by their fat content showed an hour-
glass pattern with a few muscles with inter-mediate fat con-
tents [4]. The inter-mediate phase muscles, with fat contents
from 40 to 60% at baseline, had a higher progression of fat
replacement vs. muscles with lower or higher fat fractions
(P<0.0001; Fig. 3a). The progression was 6.1 +5.3% in
the inter-mediate phase muscles compared to 3.1 +3.4% in
muscles with fat content below 40%, and 1.6 +2.8% in mus-
cles with fat content above 60%. Muscles with inter-mediate
fat content also had a higher percentage of STIR+ muscles
(P <0.05). Forty-two percent of the inter-mediate phase
muscles were STIR+ compared to 22% in muscles with
lower fat content and 18% in muscles with higher fat con-
tent (Fig. 3b).

We have previously demonstrated two modes of fat
replacement progression in FSHD (slow and continuous vs.
fast and stepwise) [4]. When dividing muscles in two groups
according to the rate of progression, we found that the per-
centage of STIR+ muscles was 16% in muscles with a fat
replacement progression below 5% and 44% in muscles with
a progression above 5% (P <0.0001; Fig. 3c). The hyper-
intensity was more severe in the STIR+muscles with the
faster progression (13.3 +10.7% elevated pixels) compared
to STIR+ muscles with the slower progression (6.5 +4.6%
elevated pixels; P <0.05).

Proximal-distal gradient
Patients with missing or unusable MRIs on one or more
levels at any time point were excluded from the relevant

muscle analysis. As a result, 33 patients were included in the
quadriceps femoris and sartorius analyses, 34 in the rectus

@ Springer

404 STIR— muscles

w
o
1

Number of muscles
N
o
N

10+

0_
154 STIR+ muscles
STIR+1
3
L -~ STIR+
g 10 RN STIR-
E I V.o T~ STIR+!
"5 N -~
= I ’ RN
3 ! 1y \
S 1l , \
2 51 \~ J b 1
Ny 1
\ /
- ]
\
0 T T T T

T T
0 10 20 30 40 50 60 70 80

Muscle fat content at baseline (%)

Fig. 1 The distribution of STIR-negative and STIR-positive muscles
according to their fat content at baseline in patients with facioscap-
ulohumeral muscular dystrophy. Histograms of the distribution of
STIR-negative (STIR-) and STIR-positive (STIR+) muscles accord-
ing to their fat content at baseline. The ellipses show the distribu-
tion of muscles according to their STIR status at follow-up. Also see
Table 2. 1 increase in STIR signal hyperintensity from baseline to fol-
low-up; | decrease in signal hyperintensity from baseline to follow-up

femoris and semitendinosus analyses, 41 in the tibialis ante-
rior analysis, and 42 in the tibialis posterior and gastrocne-
mius medialis analyses.

There was an increase in muscle fat content from base-
line to follow-up in all the muscles (P <0.05; Fig. 4).
There was also significantly different fat content along
the length of all muscles in the thigh and calves, except
the tibialis posterior muscle, at both baseline and follow-
up (P <0.05). This difference was most commonly found
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Fig.2 The relation between STIR signal intensity and progression of
muscle fat replacement in patients with facioscapulohumeral muscu-
lar dystrophy. The relation between STIR signal intensity at baseline
(percentage of elevated pixels) and progression of muscle fat content
over 14 months in 370 muscles in patients with facioscapulohumeral
muscular dystrophy

between the most proximal and distal measuring levels,
but differences were also present between the mid-level
and the most proximal (semitendinosus and gastrocne-
mius medialis muscles) or distal level (quadriceps, tibialis
anterior, and gastrocnemius medialis muscles). The fat
content increased from the proximal part of the muscle
to the distal part.

To investigate whether the progression of fat replace-
ment from baseline to follow-up was faster in some parts
of the muscles than in other, we tested if there was an
interaction between the level of measurement (proxi-
mal, middle, and distal) and time point (baseline and
follow-up). We found no interaction, neither individu-
ally (P=0.26-0.97) nor when all muscles were grouped
(P=0.32). These results indicate that the rate of fat
replacement was uniform along the length of the muscles.

Muscle fat replacement, STIR intensity,
and a proximal-distal gradient

Muscles with a faster progression of fat replacement
(>5%) had a steeper proximal—distal gradient than mus-
cles with slower progression (<5%) (P=0.001).

The gradient was also steeper in STIR+ muscles com-
pared to STIR— muscles (P =0.007; Fig. 5). The progres-
sion of fat replacement from baseline to follow-up was
similar at all the measurement levels in both STIR+ and
STIR- muscles (P=0.33).

Discussion

In this study, we investigated the pathophysiology of
FSHD in 45 patients over 14 months. We quantified STIR
hyperintensities, indicating inflammation, and fat content
in thigh muscles and investigated its relation and progres-
sion over 14 months. We also investigated the progres-
sion of fat replacement of muscle along the length of the
thigh and calf. All muscles had a significant increase in
fat content over the 14 months. This progression of fat
replacement was more than twice as fast in STIR+ muscles
compared to STIR— muscles and increased with the sever-
ity of the hyperintensity. The fat content of most thigh and
calf muscles was higher in the distal part of the muscle
than more proximally. This proximal-distal gradient was
steeper in STIR+ muscles compared to STIR— muscles.
The progression of the fat replacement, however, was uni-
form along the length of all the muscles, irrespective of
STIR hyperintensity.

Emerging treatment options for FSHD call for accurate
and sensitive outcome measures that can capture changes
or effects of interventions [2]. MRI has gained a lot of
attention in this respect, and MRI with STIR sequences
has been proposed as a prognostic outcome measure [5,
11]. STIR hyperintensities (STIR+) visualize edema,
which is a marker of inflammation. In accordance with
this, biopsies of STIR+ muscles show inflammatory
changes [8]. STIR+ appears to precede the replacement
of muscle by fat in FSHD, and preliminary results indicate
that very bright STIR+ areas evolve more rapidly toward
fat [5, 6, 11]. A faster replacement of muscle by fat has
also been associated with inter-mediate fat content in mus-
cles [4, 11]. Arranging muscles by their fat content shows
an hourglass pattern with a few muscles carrying inter-
mediate fat content [4, 11]. These inter-mediate muscles
have a faster progression of fat replacement. It has been
suggested that, once a muscle reaches an inter-mediate fat
fraction, it accelerates towards complete fat replacement
and that muscle inflammation might act as a trigger for
this process [11].

In our study, we found that the highest percentage of
STIR+ muscles were among the inter-mediate muscles,
and thus, among the muscles with fat content at baseline
between 40 and 60%. Almost half of the inter-mediate
muscles were STIR+ compared to approximately one-fifth
of the muscles with lower or higher fat content (Fig. 2b).
The mean fat fraction of new STIR+ lesions at follow-up
was 30%, compared to 66% in resolved lesions (Table 2).
The majority of the STIR— muscles had fat fractions below
30% or above 60%, suggesting that they were either rela-
tively unaffected or completely fat replaced. STIR+ mus-
cles had a faster progression of fat replacement of 5.0%

@ Springer
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Fig.3 Fat replacement progression and percentages of muscles with »

different degree of STIR signal intensity in facioscapulohumeral
muscular dystrophy. a The progression in muscle fat content over 14
months in muscles with low (<40%), inter-mediate (40-60%) and
high (>60%) fat content at baseline. b The distribution of muscles
with different STIR signal intensities in muscles with low (<40%),
inter-mediate (40-60%) and high (>60%) fat content at baseline. ¢
The distribution of muscles with different STIR signal intensities in
muscles with slow (<5%) vs fast (>5%) progression of fat replace-
ment over 14 months. The box plot (a) includes the 25th—75th per-
centiles, the mid line indicates the median, whiskers are the 5th-95th
percentiles, and black dots are outliers. The numbers to the right of
the columns in b and ¢ indicate the absolute number of muscles.
STIR- STIR-negative muscles, STIR+ STIR-positive muscles, STIR+,
STIR++ and STIR+++ degree of the STIR hyperintensity (see also
Table 1)

compared to 2.3% in STIR— muscles. Furthermore, as
the severity of the STIR hyperintensity increased, the fat
replacement progression also increased (Fig. 5). All these
findings support the notion that muscle inflammation con-
tributes to the pathophysiology of muscle destruction in
FSHD and that inflammation may act as a biological trig-
ger for the faster disease progression.

The relationship between inflammation and fat replace-
ment has previously been suggested by three longitudinal
studies [6, 11, 12]. In cohorts of 9—15 patients with FSHD
followed for 4 months to 2 years, these studies identified
a larger progression of fat replacement in STIR+ muscles.
However, the link between muscle inflammation and fat
replacement was unclear, since some STIR+ muscles did
not progress in fat content and other muscles progressed
in fat content without prior STIR+ lesion. The lack of con-
clusive results from these studies might be explained by the
small number of patients examined. Furthermore, two of the
studies used qualitative scoring to evaluate muscle inflam-
mation and fat content which is subjective and observer-
dependent [6, 12]. The study investigated the inflammation
and fat content quantitatively, investigated 11 patients twice,
4 months apart, and only identified six muscles with inflam-
mation [11]. In our large study, we developed a quantitative
method to evaluate muscle inflammation, reflected by ele-
vated STIR signals, and identified 83 STIR+ muscles (22%)
at baseline and 103 (28%) at follow-up. The high number
of STIR+ muscles, and the way which STIR was quanti-
fied in our study allowed us to better investigate the rela-
tion between inflammation and progression of fat replace-
ment in muscle, and could compare sub-groups of muscles
with different fat content and progression rates. The higher
frequency of STIR+ muscles observed in our study when
compared to the previous reports is likely explained by the
different methods used [5, 8, 11-14]. Quantitative methods
are generally more sensitive to change than the qualitative
methods and are able to detect changes before the changes
are visually detectible [15].

@ Springer

A

20 °

S
:g 15 + ] .
$ :
& 10+
o ]
[5}
g
E 54
£
[0]
2
B T
[S]
2
=
é -5 ™ ®
< ° °

'10 T T 1

< 40% 40 - 60% > 60%
Muscle fat content at baseline (%)
—2
—2

~
(6]
1

N
o
1

Distribution of muscles according to STIR signal (%)
3
o
1

100 - 4
6
38
168
0_

< 40% 40 - 60% > 60%
Muscle fat content at baseline (%)

c_\o 100 5 | 6

@

g 42 [ o

[

'n:c 75 STIR signal
‘g 21 intensity

b= +++

£

T ++

E w0 []

8 DE

3 241

g - STIR -
€

5 251 46

c

S

2

B

a od

< 5% > 5%
Absolute change in muscle fat content (%)



Journal of Neurology (2019) 266:1127-1135

1133

Fig.4 Muscle fat gradients in patients with facioscapulohumeral »

muscular dystrophy. Muscle fat content along the length of femur (a)
and tibia (b) (proximal to distal) at baseline (closed symbols) and fol-
low-up (open symbols). Error bars are standard error. Asterisks indi-
cate significant gradients

Even though the percentage of STIR+ muscles was more
than twice as high in muscles with a faster fat replacement
progression (>5%) than muscles with a slower progression
(<5%) in our study, more than half of the muscles with the
faster progression were STIR— at baseline. Whether these
STIR- muscles with fast muscle destruction were STIR+ at
another time before or after the baseline examination, or
there are other factors affecting muscle destruction in FSHD
is impossible to determine based on two assessments. To be
able to identify the true relation between muscle inflamma-
tion and fat replacement, and to fully evaluate the potential
of STIR as an outcome measure, multiple assessments are
necessary.

In line with the previous studies, we found that the fat
content increased from proximal to distal in the rectus femo-
ris, quadriceps femoris, sartorius, semitendinosus, tibialis
anterior, and gastrocnemius medialis muscles (Fig. 3) [11,
16]. Tibialis posterior, however, had no proximal—distal gra-
dient. While all the muscles with a proximal—distal gradient
had mean fat fractions above what is seen in healthy people,
tibialis posterior had a mean fat fraction similar to healthy.
Tibialis posterior is, thus, a relatively unaffected muscle in
patients with FSHD, which may explain the lack of a proxi-
mal—distal gradient.

The proximal—distal gradient was steeper in muscles with
a faster progression of fat replacement (> 5%) compared to
muscles with slower progression (< 5%) and in STIR+ thigh
muscles compared to STIR— muscles (Fig. 4). The gradi-
ent remained constant over time in all the muscles, also
in STIR+ muscles. These results indicate that the muscle
degeneration in FSHD initiates in the distal part of the mus-
cle and accelerates evenly throughout the muscle. This is
important to keep in mind when designing longitudinal natu-
ral history and interventional studies.

A limitation of our study includes the relatively short
follow-up time of 14 months. In our study, 39 of 83
STIR+ muscles did not change from baseline to follow-up
and a previous study has observed stable STIR+ signal for
over 3 years [6]. We investigated thigh muscles in this study
even though upper girdle muscles often are more severely
involved in patients with FSHD. However, it has previously
been shown that the frequency of STIR+ muscles in upper
girdle muscles is lower than in the lower limbs [5]. In less
than 3% of patients with FSHD, STIR+ muscles occur as
a lone phenomenon in the muscles of the upper girdle,
compared to 28% in lower limb muscles [5]. The partici-
pants in our study were only examined twice, but repeated
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Fig.5 Muscle fat gradients in STIR+and STIR— muscles in patients
with facioscapulohumeral muscular dystrophy. Muscle fat content
along the length of femur (proximal to distal) at baseline and follow-
up in all muscle groups. Error bars are standard error

measures are required to more definitively associate muscle
fat replacement with inflammation. Finally, even though
STIR+ muscles have been shown to have pathological
changes of muscle inflammation accompanied by a signifi-
cant upregulation of genes involved in the muscle inflam-
matory disease process, STIR hyperintensity is relatively
non-specific [17]. In addition to edema and inflammation,
it may also reflect cell necrosis, denervation, sarcoplasmic
leakiness, and myocyte swelling [18].

In conclusion, we describe the relation between STIR
hyperintensities and fat content in muscle investigated
with quantitative MRI. Muscles with STIR hyperintensi-
ties had a faster progression of fat replacement than mus-
cles without STIR hyperintensities. Furthermore, the fat
replacement progression was faster in muscles with severe
STIR hyperintensities compared to the muscles with
milder STIR hyperintensities. Since STIR hyperintensities
indicate inflammation, these results suggest that muscle
inflammation contributes to the faster muscle destruction
seen in FSHD and may very well act as a trigger function.
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