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HIGHLIGHTS

. e Distribution of muscles involvement helps in directing the diagnosis towards a myopathy
o ¢ The main relevant clinical data was the correlation between age and disease severity

. ¢ A general symmetrical muscle alteration was noticed except for the subscapularis

o ¢ Subscapularis, anterior serratus and quadratus femoris muscles were mainly involved

Whole-Body muscle MRI in McArdle disease

Introduction

This study describes muscle involvement on whole-body MRI1 (WB-MRI) scans at different
stages of McArdle disease (MD).

Methods

WB-MRI was performed on fifteen genetically confirmed MD patients between ages 25 to 80.

The degree of fatty substitution was scored for 60 muscles using Mercuri’s classification.
Results

All patients reported an intolerance to exercise and episodes of rhabdomyolysis. A mild fixed
muscle weakness was observed in 13/15 patients with neck flexor weakness in 7/15 cases, and
proximal muscle weakness in 6/15 cases. A moderate scapular winging was observed in five
patients.

A careful review of the MRI scans, as well as hierarchical clustering of patients by Mercuri
scores, pointed out recurrent muscle changes particularly in the subscapularis, anterior

serratus, erector spinae and quadratus femoris muscles.
Discussion

WB-MRI imaging provides clinically relevant information and is a useful tool to orient

toward the diagnosis of MD.
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| - Introduction

McArdle disease, also known as glycogen storage disease type V (GSD V), is the most
common form of muscle glycogenosis [1]. It is caused by a deficiency of the
myophosphorylase enzyme and is the result of an autosomal recessive mutation of the PYGM
gene. Patients present typical clinical manifestations such as lifelong history of exercise
intolerance and rhabdomyolysis episodes with onset in childhood. Moreover, approximately
35 % of the patients affected by McArdle disease also develop permanent muscle weakness
between the ages of 40-50 [2,3].

An increasing number of studies demonstrate that MRI can be a powerful complementary tool
for clinicians to identify muscle alterations and patterns of distribution in patients with
permanent muscle weakness [4—6]. Its availability, rapidity of acquisition and valuable
findings compared to CT place this modality as an optimal technique to assess skeletal muscle
edema or fibroadipose tissue transformation. Moreover, MRI could also enable the detection
of subtle and early muscle involvement in younger patients not showing clinical weakness [7].
Generally, an increase in T1 weighted (T1w) signal intensity suggests fat substitution into
muscle, whereas decreased muscle volume suggests atrophy. A careful analysis of the
distribution of the abnermalities within each of the different muscle groups is a critical factor
in directing the diagnosis towards an underlying myopathy.

The development of Whole-Body MRI (WB-MRI) explorations has strengthened the
assessment of these criteria by implementing new protocols such as Dixon fat fraction
extraction and by including all the muscles in a single scan.

To the best of our knowledge, McArdle disease has never been systematically studied through
a morphological mapping on WB-MRI despite the heterogeneity of the clinical manifestations
which can lead to erroneous diagnosis [8,9]. Interestingly, only few case reports outlined this

disease as a severe axial myopathy [10]. More recently, MRIs comprising a muscle diffusion



Journal Pre-proof

tensor imaging in McArdle patients didn’t provide additional information to detect
intracellular glycogen accumulation in muscle fibers [11]. Conversely, Carbon-13 magnetic
resonance spectroscopy appears to be useful to quantify glycogen levels in muscle. However,
its widespread utilization is limited due to technical limitations inherent to this technique [12].
Therefore, WB-MRI scans could be very helpful as a prolongation of the standard clinical
examination, especially when it comes to evaluating the distribution of the affected muscles.
Therefore, the pattern of affected muscles could reveal important information in the
etiological analysis, as was determined in other myopathies and glycogenosis [13,14].

Thus, the main goal of this study is to depict a suggestive pattern of muscle involvement using

whole-body muscle MRI in 15 patients with genetically confirmed McArdle disease.

Il - Methods:

2.1 Patients

All patients included in this study had a biochemical and genetically proven diagnosis of
GSDV as well as an available clinical record. They were also willing and capable of
undergoing an MRI scan.

Muscle weakness was assessed using manual muscle testing and the Medical Research
Council (MRC) score, a tool specifically developed to assess muscle strength in different
conditions [15].

All clinical data were recorded, including the age of onset, presenting features, and muscle
weakness. Non-eligibility criteria were incomplete WB-MRI scans.

The research ethics committee approved this study at our institution, and informed consent

was obtained from all patients.
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2.2 Molecular analysis

Genomic DNA was extracted from peripheral leukocytes. All the exons and intron/exons
junctions of the PYGM gene were PCR-amplified and then sequenced using the same
oligonucleotide primers. Sequences obtained were compared to the reference sequence

NM_005609.4.

2.3 Muscle imaging

Most of the patients underwent whole-body imaging on a free-bore 3T General Electric (GE)
Discovery MR750w GEM system (General Electric, Boston, MA, USA) or on a 3T Siemens
MAGNETOM Avanto system (Siemens, Magnetom Trio TIM, Erlangen, Germany). Both
systems employ multiple phased-array surface receiver elements. In the whole-body
configuration, the patient was wrapped in-a multi-coil and multi-element network. The
patient's head and face muscles were imaged by a head coil usually intended for the brain.
The setup enabled a maximum combined field of view (FOV) of 180 to 200 cm in order to
have a whole-body scan in all patients.

For each orientation (coronal then axial), data acquisition was completed in five to seven steps
during the patient's head-first passage through the magnet. In the coronal orientation, the
images acquired successively at a same slice level were automatically combined to generate a
single coronal composite view using the constructor's optional software. No manual
realignment was needed.

On the Siemens platform, the selected imaging sequences were T1-weighted turbo spin-echo
according to the recommended parameters for whole-body muscle imaging in diagnosis and

outcome measures of neuromuscular disorders [6].
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On the General Electric platform, the selected imaging sequences were 3D T1-weighted
imaging in the coronal plane with a multi-stack exploration of the body from head to mid-
thigh. Then, a fat-water separation protocol presented by GE (IDEAL T2; GE, Milwaukee,
Wis) with a bespoke reconstruction algorithm based on a 3 points DIXON technique was used
in the axial plane with multi-stack exploration from head to toe. This technique consists of the
iterative decomposition of water and fat with echo asymmetry and least-squares estimation

[16,17].

Water, as well as fat images and in and out phase images, were available for each slice, and
the recommended parameters were followed in terms of spatial resolution.

To reduce acquisition time, “IDEAL T2 by General Electric (GE) protocols have been
developed with in-out T2 weighted sequences within the same image sequence in the same
stack, with fat and water images comparable to STIR sequences with better resolution.

The maximal 500 mm FOV was large enough to scan all patients. The technique required
patient positioning with upper limbs lying close along or above the body.

No paramagnetic contrast agent was injected. No cardiac or respiratory gating was performed.
A multibreath-hold option was added to the thoracic sequence steps in patients who could
hold their breath. Whole-body scanning was performed in a short time by using MRI

software.

2.4 Data analysis

A visual qualitative four-point grading scale evaluated by a senior specialized radiologist
allowed the assessment of quality screening (1: inadequate, 2: suboptimal, 3: good, 4:
excellent).

Muscle analysis consisted of the examination of 60 paired muscles including the tongue.
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Muscles were systematically explored using multi-stacks from head to toe in both axial and
coronal slices encompassing the entire volume. Scoring was performed on the whole volume
of each muscle.

Eight anatomical regions were then defined: face, neck, shoulder girdle, arms, and forearms,
upper and lower trunk, pelvic girdle, thighs, and legs.

As axial muscles were of particular interest in our study, a careful analysis was also aimed at
distinguishing the impairment of the transversospinalis and the erector spinae.

The transversospinalis include the deep intrinsic back muscles and consist of the semispinalis,
multifidus, and rotatores. The erector spinae include the three intermediate back muscles and
consists of the iliocostalis, longissimus, and spinalis [18,19].

These muscles were individualized on the Mercuri report.

For each patient, a median value of the extent of T1w hyperintensity was scored from 1
(normal) to 4 (end-stage disease) according to Mercuri's classification to assess fatty

substitution as previously described [20].

- 1=normal

2 = fat replacement less than 30%

3 =fat replacement ratio estimated between 30% and 60%

4 = fat replacement in muscle is greater than 60%

Then, a total mean score was calculated to determine the average value of the Mercuri’s

classification for every single muscle throughout our population.

For the axial images acquired on the GE platform using IDEAL T2 sequence, the fat images

were analyzed instead of the T1 weighted images acquired with the Siemens platform.
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For T2 fat-saturated weighted images (water images of the IDEAL T2 axial sequence) of the
WB MRI obtained on the GE platform, the edema pattern of abnormal muscle signal intensity
was increased and superimposed on an otherwise normal appearance of the involved muscle.
Heatmaps were drawn with the "Fantastic Heatmap" package for R (package version 1.0.1, R
version 3.5.3). Abnormal findings in the whole-body examination were recorded for bone and

joint as well as chest and abdomen.

3. Results

3.1 Clinical evaluation

Fifteen patients (eleven male and four female) aged 24 to 84 years (mean 49.3 years)
completed the study. Most patients were diagnosed in adulthood despite having reported
exercise intolerance and myoglobinuria episodes since their childhood. At the time of this
study, fixed muscle weakness was observed at the clinical examination in 13 patients (table

1).

3.2 Imaging findings

Whole-body muscle imaging was possible for all patients.

Images obtained for most of the exams were graded as excellent. None were classified as
inadequate. Three types of artifacts decreased the quality of MRI scans; motion artifacts,
respiratory artifacts (which affect only thoracic and abdominal images), and phase wrap-
around artifacts as a manifestation of the aliasing phenomenon (on the shoulder and upper
arms). Scanning time was less than 35 min. In-room time ranged from 40 to 50 min with a
mean time of 43 min.

Muscle changes seen in T1w sequences consisted mostly of fat replacement, which manifests

itself as a bright signal, but without severe muscle atrophy (i.e., muscle shape and volume
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were preserved although the inner content changed). Schematic representations of mean MRI
muscle scoring in the upper and lower part of the body are represented below (fig 1).

Fatty substitution was slightly asymmetric for the subscapularis muscle (half point of the
Mercuri scale). Otherwise, an overall symmetric involvement was identified in other muscles,
as described below.

The heatmap of fibro-fatty substitution scores (fig 2) showed a distal-to-proximal gradient of
mild-to-severe muscle involvement with most marked alterations in axial muscles.

The length of the two main branches of the dendogram obtained by unsupervised hierarchical
clustering of participants means that a dichotomy was observed, rather than a continuum, in
the degree of muscle fatty replacement in patients 5, 12, and 14. These patients are all over 45
years old, indicating a correlation of muscle fatty replacement with age, where older patients

tend to be more affected.

3.2.1 Upper part of the body

Most facial muscles, including the tongue, were systematically spared without any significant
fatty modification.

In the shoulder girdie, the most prominent involvement was located on the subscapularis
muscles with a slight mean predominance on the left side. It was followed by symmetric
substitution of the anterior serratus and the trapezius (fig 3).

No abnormality was described for anterior and posterior compartments of arms and forearms.

3.2.2 Lower part of the body
Pelvis and thigh involvement was present only in patients with the most severe muscle

involvement in MRI (fig 2). Therefore, lower body involvements on MRI appears to be
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related to advanced disease. Muscle changes were dominated by alterations on the quadratus
femoris and adductor longus muscles with a mean score on MRI of 1.73 and 1.20 respectively
(fig 1).

Otherwise, all the other muscles of this region remained relatively intact (fig 4).

Leg changes were homogeneous and remarkably faint, particularly in the soleus muscles

(mean score of 1.2).

3.2.3 Axial muscles

The transversospinalis muscles demonstrated a predominant involvement of the rotators and
semispinalis with a mean score on MRI of 1.8 and 1.73 respectively, while the multifidus was
slightly spared (mean score of 1.6).

The erector spinae muscles, including the spinalis, longissimus thoracis and iliocostalis
muscles presented marked atrophy to such an extent (1.6 and 1.7 respectively) that their
fasciae were retracted (fig 5). However, the iliopsoas, quadratus lumborum, and interspinous
muscles were completely spared.

No high signal compatible with inflammatory changes or intramuscular edema was noticed on

T2 fat saturated weighted images.

4. Discussion

This study aimed to describe the radiological pattern of muscle involvement based on a WB-
MRI analysis in fifteen adults affected by GSDV. The main relevant clinical data was the
correlation between age and disease severity [21]. No apparent correlation was observed
between the incidence of fixed muscle weakness and genotype. This finding strengthens the
hypothesis that severity of the disease is not solely explained through the genotype. There are

many other factors that have not yet been fully identified but that can also potentially explain
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impact on the genotype-phenotype correlation. Patient’s gender may contribute to the clinical
heterogeneity with women being more severely affected than men [22,23]. This difference
could be explained by a maladaptive pain-related coping system predominant in women [22] .
However, only four women were included in our study without revealing a significant clinical
difference with the male patients.

Several environmental expositions and dietetic management seem to be essential point to
consider in the heterogeneity of the disease manifestation.

Muscle Residual myophosphorylase activity was not assessed, being irrelevant for the
diagnosis, knowing the pathogenicity of detected variants after molecular analysis. Moreover
previous studies showed that quite all patients with McArdle disease don’t have any residual
myophosphorylase activity [24,25].

On WB-MRI, the findings of this study seem to indicate that most patients with GSDV have
a pattern of muscle involvement that can help orient the clinician towards GSDV diagnosis;
an almost perfectly symmetrical presentation throughout the whole-body along with a
noticeable asymmetrical alteration of the scapular girdle, particularly in the subscapularis
muscle. This asymmetric distribution in the scapular girdle remains, for now, unexplained.
This is consistent with the results obtained by Nadaj-Pakleza et al. [2] who clinically
evaluated the motor function of the scapular girdle. As this radiological presentation can also
suggest FSHD, both must be considered in the differential diagnosis [2,26]. However, the
clinical presentation differs greatly between the two disorders, and T2 signal alterations are
more common in FSHD.

Another finding consisted of the damage caused to the axial muscles and more specifically to
the thoracic extensor muscles. The latter is part of the paravertebral muscles whose primary
function is to stabilize the spinal armature while participating in specific movements [15].

Medially to laterally, a mostly homogeneous and symmetrical fatty substitution as well as a
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degeneration of erector spinae and transversospinalis muscles was observed. Nevertheless, it
is interesting to note the slightly predominant damage in the erector spinae over the rotator
muscles. This kind of muscle damage is consistent with and could explain a bent posture in
GSDV patients [10].

Osteoarthritis, a highly prevalent disorder especially in the elderly population, is another
potential differential diagnosis due to its involvement of the paravertebral muscles. In contrast
with osteoarthritis, patients in this study did not present any degenerative reshaping of the
spine. In addition, few studies have shown that the atrophy of the paravertebral muscles
electively affects the multifidus conversely to the results obtained in this study.

Quinlivan et al. described axial impairment in 30% of their patients with McArdle disease
[27] . Through the widespread use of MRI, more and more studies show a significant
involvement of the axial musculature in several myopathies [28].

McArdle, Cori and Pompe are three major glycogenosis diseases with marked predominant
axial involvement. In imaging, they share several commonalities. For example, McArdle and
Pompe diseases present an extensive involvement of the axial musculature, more precisely in
the subscapular and anterior serratus muscles. However, in McArdle disease, the tongue, the
psoas, and the quadratus flumborum muscles are constantly spared. This pattern contrasts with
the proven involvement of these muscles in Pompe disease [20] . Moreover, there are certain
key factors that allow clinicians to differentiate between either disease, such as more severe
muscle weakness in Pompe disease.

Another myopathy due to mutations in the lamin A/C gene is known for its predominant axial

involvement [29].

Other myopathies such as calpainopathy [30], LGMD2D [31], dysferlinopathy [32] or those
induced by mutations such as MATRS3, could be included in the differential but the spectrum

of axial manifestations is relegated. As a matter of fact, a study demonstrated that
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calpainopathy [30] involved mainly the hip adductors and hamstrings in lower limbs
compared to spine extensors and spine rotators . This is another distinguishing characteristic
to differentiate McArdle disease from other axial myopathies including FSHD1. Indeed, in the
latter there is an isolate subscapular involvement whereas the lower limbs are relatively
spared, except the rectus femori [33].

Considering other diseases with camptocormia and abnormal posture can rapidly widen the
differential. For example, even if Parkinson disease patients have cerebellar ataxia or
autonomic symptoms, they have also fatty involution extended to the thoracolumbar spine
musculature which appeared to be specific to the disease itself [34]. Therefore, the imaging
findings in WB-MRI should always be guided by the whole clinical context.

Other metabolic myopathies with exercise intolerance such as glycogenosis type VIl could
expand the differential diagnosis despite the absence of imaging studies [35]. However, in a
clinical setting, the apparent distinction between the two is simply made by the absence of the
second wind phenomenon and the detrimental (“out of wind”) response to glucose
administration.

Furthermore, none of the patients suffered from scoliosis, which is a common feature in
FSHD1 and collagen VI-related which are both considered to be asymmetrical myopathies.
In terms of facial involvement none were described despite reports in previous cases [36,37].
In the pelvic girdle, the quadratus femoris muscles presented an elective and strikingly
asymmetrical involvement. The quadratus femoris originates on the lateral border of the
ischial tuberosity and on the intertrochanteric crest of femur. It stabilizes the hip and acts as
an external rotator. Its involvement was not described in any previous research, and it is not
usually found in other myopathies. Meanwhile, it is also interesting to note that all the pelvic
musculature was systematically spared. This visual contrast supports this finding that appears

to be a highly suggestive parameter towards the diagnosis of McArdle’s disease (fig. 6) [38].
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Additionally, as part of the usual exploration protocol of myopathies in many centers,
restricted analysis to the lower limbs could be truly insufficient. Conversely, the increasing
discovery of fatty substitution of muscles without any obvious clinical expression emphasizes
the need to perform exhaustive WB-MRI scans.

The WB-MRI analysis confirmed that all the patients did not have any muscle atrophy, but
only fatty substitution as observed in other metabolic myopathies. However, this statement
should be taken cautiously because there is no gold standard to evaluate muscle atrophy in
WB-MRI.

Through a clinical lens, it is interesting to note that the clinico-radiological correlation
presented a few inconsistencies. On one hand, three out of the four patients with scapular
winging did not have any involvement of the serratus anterior. Furthermore, although clinical
examination showed deltoid muscle and neck flexor weaknesses, they were spared in imaging
in almost all patients. On the other hand, the clinical assessment did not raise concern about
the impairment of the quadratus femori despite the clear involvement of this muscle in
imaging.

This paradox reinforces the idea that clinical testing could often attribute inaccurate functional
disability to a specific muscle whereas such testing is rather descriptive of the overall motor
behavior of a group of synergistic muscles. Furthermore, clinical evaluation can be
challenging due to the complex compartmental anatomy and several anatomical variations in

muscle, such as the external rotator of the hip including the quadratus femori [39—41].

Although imaging can help facilitate the diagnostic approach, there are some limitations to be
considered. Firstly, due to technical limitations, this study was unable to complete an analysis
of the arms and forearms, which may have shown interesting anomalies as demonstrated in a

previous clinical study [2].
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Secondly, the specificity of imaging findings presents a limitation. At times, MRI can be
overly sensitive and describe muscular alterations that have no substantial clinical impact. In
fact, a clear clinical-imaging correlation could not be established in this study, even when
there is a marked muscle alteration particularly in older patients. Still, the complex clinical
and radiological layout of our cohort reinforces the inability to predict to what extent the
underlying mutation contributes to the phenotype. Therefore, as found in most MRI studies on
myopathies, several patients (c.f. patient 12 in our study) had marked MRI damage but this
did not translate clinically. This finding is not unique to our series, but a limit found in most
MRI studies on myopathies. As explained earlier, a potential explanation may be the integrity
of the rest of the associated muscle group contributing to preserve the movement of the limb.
Thirdly, all groups of muscle were not systematically examined clinically, neck flexors in
particular. This limitation can illustrate the downside of the clinical examination, subject to
less standardization and reproducibility. Therefore, an exhaustive and complementary

imaging consistently brought by WB-MRI is genuinely valuable.

Also, the radiologist was not blinded to the condition.

Lastly, there was only fifieen patients included in our study. Even if this is a relative rare
disease, the raising awareness of the benefit in performing WB-MRI in those patients will
significantly improve the collaboration between research centers in order to establish larger

cohorts.

In conclusion, WB-MRI enhances the diagnostic algorithm of muscle glycogenoses. Along
with a careful review of the MRI scans, McArdle disease should be considered when there are
muscle changes in the subscapularis, anterior serratus, erector spinae, and quadratus femoris

muscles. Therefore, this study has value in showing the unique pattern of MD on WB-MRI,
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and identifying “sentinel” muscles of potential interest for future longitudinal imaging studies.

FIGURE LEGENDS

Fig 1 - Schematic representation of mean MRI muscle scoring in the whole body (e.g.:
the mean score for temporal muscle is 1 for the entire population indicating that this muscle is

always preserved in this study).

Fig 2 - Hierarchically clustered heatmap of fatty substitution Mercuri scores in 60
muscles, in MRIs from 15 McArdle individuals. Rows, each corresponding to one
individual, are hierarchically clustered (dendogram on the left) based solely on MRI data
(Mercuri scores). Each column in the heatmap corresponds to one muscle, ordered left to right
from cranial to caudal. A green-yellow-red gradient in the heatmap indicates increasing fatty
substitution (legend to the right). The column left of the heatmap annotates individual
clinical/demographic features (not used in the hierarchical clustering algorithm): probability
of myophosphorylase residual activitiy predicted by the patient’s genetic mutations, Medical

Research Council (MRC) lowest score, and age.

Fig 3 - Axial fat image of the DIXON technique sections at the upper part of the body
level in one McArdle patient. The right horizontal segment of the trapezius muscle (T) was
affected (Fig 3A). The predominant muscle involved in the scapular girdle was the
subscapularis muscle (SC) as shown bilaterally here (Fig 3B). Another finding was alteration

on anterior serratus muscle (AS) with partial views of the arms (Fig 3C).

Fig 4 - Axial fat image of the DIXON technique sections at the lower part of the body
level in one McArdle patient. Asymmetrical involvement of the left adductor longus (LA)
and the right quadratus femoris (QF).

Fig 5 — Axial and coronal fat image of the DIXON technique sections exploring the
paravertebral muscles in one McArdle patient. The transversopinalis muscles

demonstrated a predominant involvement on the rotators (R) and semi-spinalis (non
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represented) while the multifidus (M) were slightly spared (Fig 5A). The erector spinae
muscles including spinalis, longissimus thoracis (L) and iliocostalis muscles (IC) presented an
overall marked alteration to such an extent that their fascia (thin arrows) were retracted (Fig
5B). On the opposite, there was a clear sparing of the psoas (P), quadratus lumborum (QL)

and interspinous muscles (bold arrow).

Fig 6 — Axial fat image of the DIXON technique sections exploring the different stages of
findings in different disease stages of McArdle patients. The first one showed mild
involvement, the second is more involved with fatty substitution of both quadratus femori,

and the last one is more advanced with changing in the right quadratus femori and in the calf.

ABBREVIATIONS

WB-MRI : Whole-Body MRI

GSDV : glycogen storage disease type V
MD : McArdle Disease

GE : General Electric

FOV : field of view

FSHD : fascioscapulohumeral muscular dystrophy
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Fig 1 - Schematic representation of median WB-MRI scoring in 60 muscles in the upper
part (A) and the low part (B) (e.g.: the mean score for temporal muscle is 1 for the entire
population indicating that this muscle is always preserved in this study).
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Fig 2 - Hierarchically clustered heatmap of fatty substitution Mercuri scores in 60
muscles, in MRIs from 15 McArdle individuals. Rows, each corresponding to one
individual, are hierarchically clustered (dendogram on the left) based solely on MRI data
(Mercuri scores). Each column in the heatmap corresponds to one muscle, ordered left to right
from cranial to caudal. A green-yellow-red gradient in the heatmap indicates increasing fatty
substitution (legend to the right). The column left of the heatmap annotates individual clinical
features (not used in the hierarchical clustering algorithm): Medical Research Council (MRC).
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Fig 3 - Axial fat image of the DIXON technique sections at the upper part of the body
level in one McArdle patient.

The right horizontal segment of the trapezius muscle (T) was affected (Fig 3A). The
predominant muscle involved in the scapular girdle was the subscapularis muscle (SC) as
shown bilaterally here (Fig 3B). Another finding was alteration on anterior serratus muscle
(AS) with partial views of the arms (Fig 3C).
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Fig 4 - Axial fat image of the DIXON technique sections at the lower part of the body

level in one McArdle patient.
Asymmetrical involvement of the left longus adductor (LA) and the right quadratus femoris

(QF).

Fig 5 - Axial and coronal fat image of the DIXON technique sections exploring the
paravertebral muscles in one McArdle patient.
The transversopinalis muscles demonstrated a predominant involvement on the rotators (R)

and semi-spinalis (non represented) while the multifidus (M) were slightly spared (Fig 5A).
The erector spinae muscles including spinalis, longissimus thoracis (L) and iliocostalis
muscles (IC) presented an overall marked alteration to such an extent that their fascia (thin
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arrows) were retracted (Fig 5B). On the opposite, there was a clear sparing of the psoas (P),
quadratus lumborum (QL) and interspinous muscles (bold arrow).

Mild Moderate Advanced

Fig 6 — Axial fat image of the DIXON technique sections exploring the different stages of
findings in different disease stages of McArdle patients. The first one showed mild
involvement, the second is more involved with fatty substitution of both quadratus femori
(arrows), and the last one is more advanced with changing in the right quadratus femori and in

the calf (arrow).
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Table 1. Clinical and genetic characteristics of the 15 patients with McArdle

disease. T nonsense mutation; 1 missense mutation; * frameshift mutation; p splicing)

New mutations are in bold type

Medical Research Council (MRC)

Sex Age MRC scale rating Genetic format
for fixed muscle weakness
Patient 1 M 55 Abduction 4 ; psoas 4 c.148C>T c.148C>T
Patient 2 M 37 neck flexor 3/5 ¢.507G>T | ¢.507G>T
; scapular winging
Patient 3 M 55 neck flexor 4 ¢.148C>T | ¢.1190C>T
Patient 4 F 39 none c.148C>T
Patient 5 M 84 abdominal muscles 3 ; C.148C>T | ¢.2353C>T
neck flexor 3
Patient 6 M 24 scapular winging €.148C>T | c.148C>T
Patient 7 F 62 |upper leftlimb 4 gluteal 4 | ¢.148C>T | ¢.148C>T
Patient 8 M 50 neck flexor 4 c.148C>T c.148C>T
Patient 9 F 35 neck flexor 4 c.148C>T c.415C>T
Patient 10 M 44 | scapular winging ; abduction | ¢.148C>T [c.1768+1G>A
4
Patient 11 M 61 neck flexor 4 €.148C>T c.148C>T
Patient 12 M 47 none c.148C>T | c.2262delA
Patient 13 47 scapular belt 4 ; abduction 4 | ¢c.613G>A | c.1475G>A
Patient 14 M 61 neck flexor 3 ; abduction 4 ; | ¢.148C>T | c.1615G>A
biceps 4 ; abdominal belt 4
Patient 15 F 39 scapular winging, €.148C>T | ¢.2056G>C
supra spinatus 4




