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Dear Editor,

Both conventional and quantitative electromyography (Q-EMG)
studies have been conducted in relatively large samples in common
myopathies such as muscle dystrophies, inflammatory myopathies and
mitochondrial myopathies [1,2]. These studies report a rather modest
diagnostic sensitivity, with lowest sensitivity values found in mi-
tochondrial myopathies [3]. In contrast, motor unit action potential
(MUP) analysis appears very sensitive in sporadic inclusion body
myositis, where a decreased mean duration is observed in 94% of the
patients [4].

In rare myopathic syndromes, the diagnostic value of Q-EMG re-
mains unknown. In the present study we examined a group of patients
with histologically confirmed myofibrillar myopathy (MFM) in order to.

(i) determine the degree and characteristics of quantitative MUP
changes.

(ii) investigate possible associations of MUP abnormalities with specific
muscle biopsy findings.

We retrospectively reviewed results of muscle biopsies and elec-
tromyography from the laboratories of myopathology and clinical
neurophysiology of our clinic. 10 patients (5 females, mean age:
54.3 years, range: 24–77 years) having both biopsy proven MFM and Q-
EMG workup were identified and included in the study. In 4 patients
molecular testing had revealed one of the known MFM mutations (3
subjects had the Desmin (DES) and 1 the Valosin-containing protein
(VCP) mutation. Genetic testing was inconclusive in the other cases. All
patients were contacted and gave written informed consent for parti-
cipation in the study which was conducted in accordance with the
Declaration of Helsinki and approved by the authors' institution's ethics
committee.

Needle EMG was performed with concentric electrodes on a
Medtronic (Keypoint 31A02) apparatus. At least 20 MUPs from 3 to 4
insertion points were collected by using a signal decomposition tech-
nique of multiple simultaneously active motor unit potentials (“multi-
MUP”). Normal values for mean MUP parameters as well as for outliers
were taken from Bischoff et al. [5]. In muscles with pathologically in-
creased polyphasia, only simple MUPs were used for parameter

calculations. In muscles with no (or not abnormally high percentages
of) polyphasia, all MUPs were taken into account. After testing for
normality, means and standard deviations were used to describe the Q-
EMG data. Pearson correlation and χ2 tests were employed to in-
vestigate relations between MUP parameters and histological features.

The complete Q-EMG dataset comprised 31 muscles. Unfortunately,
due to the retrospective nature of the study, there was a sampling
mismatch in many of the examined muscles, so direct correlation of
MUP changes with biopsy findings was possible only in 12 muscles.

Cumulative Q-EMG results from all 31 muscles were suggestive of a
myopathic profile with reduced MUP duration, size index (SI= 2 x
log10(amplitude)+ (area/amplitude)) and thickness. Further analysis
conducted for each muscle separately (Table 1), revealed abnormally
short MUP duration in tibialis anterior, deltoid and first dorsal inter-
osseous, increased number of phases in vastus lateralis and deltoid,
reduced SI in deltoid and first dorsal interosseous and reduced thickness
in tibialis anterior, deltoid and first dorsal interosseous. We did not
observe neurogenic Q-EMG abnormalities (e.g. increased MUP duration
or amplitude).

Regarding muscle biopsy and Q-EMG correlations, the variation
coefficient of muscle fibre diameter (determined manually using the
Image-Pro Plus 4.5 software) was positively correlated with mean MUP
duration, i.e. longer MUP durations were associated with a larger fibre
diameter variability (Pearson correlation coefficient= 0.99,
p < 0.05). It should be noted that here only 11 out of 12 muscles were
entered into analysis, since there was one missing value regarding the
variation coefficient of muscle fibers of the biceps brachii of subject
number 2. A further interesting finding was that the mean diameter of
Type 1 muscle fibers was positively correlated with mean MUP ampli-
tude (Pearson correlation coefficient= 0.97, p < 0.05). No other sig-
nificant correlations were observed between MUP parameters and
quantitative biopsy findings.

Hence, MFM MUPs exhibited less marked alterations compared to
those seen in classical myopathic syndromes such as the muscular
dystrophies. The most pronounced changes were observed in the del-
toid muscle which exhibited all Q-EMG features typical for myopathy.
Myopathic MUP values were also obtained from the first dorsal inter-
osseous and the tibialis anterior muscle. Despite the preponderant
proximal muscle involvement in most myopathic syndromes, the

https://doi.org/10.1016/j.jns.2019.03.017
Received 20 January 2019; Received in revised form 15 March 2019; Accepted 19 March 2019

Journal of the Neurological Sciences 400 (2019) 110–112

Available online 20 March 2019
0022-510X/ © 2019 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/0022510X
https://www.elsevier.com/locate/jns
https://doi.org/10.1016/j.jns.2019.03.017
https://doi.org/10.1016/j.jns.2019.03.017
https://doi.org/10.1016/j.jns.2019.03.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jns.2019.03.017&domain=pdf


Ta
bl

e
1

Q
-E
M
G
pa

ra
m
et
er
sf
or

al
ls
tu
di
ed

m
us
cl
es

(n
=

31
).
A
bn

or
m
al

fin
di
ng

sa
re

hi
gh

lig
ht
ed

in
bo

ld
fo
nt

if
th
ey

de
vi
at
ed

fr
om

th
e
re
fe
re
nc
e
lim

its
pr
ov

id
ed

in
Bi
sc
ho

ff
et

al
.[
5]
,w

hi
ch

w
er
e
av
ai
la
bl
e
on

ly
fo
rt
ib
ia
lis

an
te
ri
or
,

bi
ce
ps

br
ac
hi
i,
va
st
us

la
te
ra
ls
,d

el
to
id

an
d
fir
st
do

rs
al
in
te
ro
ss
eo
us
.R

ef
er
en
ce

lim
its

ac
co
rd
in
g
to

Bi
sc
ho

ff
et

al
.[
5]

ar
e
pr
ov

id
ed

in
sq
ua

re
br
ac
ke
ts
.A

ll
ou

tli
er
sw

er
e
ab

no
rm

al
w
ith

th
e
re
sp
ec
tt
o
th
e
lo
w
er

no
rm

al
lim

it.
It

sh
ou

ld
be

no
te
d
th
at

re
fe
re
nc
e
ra
ng

es
fo
r
M
U
P
pa

ra
m
et
er
s
in

ou
r
la
bo

ra
to
ry

ar
e
ve
ry

si
m
ila

r
to

th
e
ra
ng

es
gi
ve
n
in

Bi
sc
ho

ff
et

al
.[
5]
.

Ti
bi
al
is
an

te
ri
or

(n
=

8)
Bi
ce
ps

br
ac
hi
i(
n
=

5)
Va

st
us

la
te
ra
lis

(n
=

5)
D
el
to
id

(n
=

4)
1s
t
do

rs
al

in
te
ro
ss
eo
us

(n
=

2)
Re

ct
us

ab
do

m
in
is

(n
=

2)

O
rb
ic
ul
ar
is
or
is

(n
=

2)
Bi
ce
ps

fe
m
or
is

(n
=

1)

Th
or
ac
ic

pa
ra
sp
in
al

(n
=

1)

O
rb
ic
ul
ar
is
oc
ul
i

(n
=

1)

M
ea
n
D
ur
at
io
n
(m

s)
[r
ef
er
en
ce

lim
its

fo
r
m
ea
n]
,

[r
ef
er
en
ce

lim
its

fo
r
ou

tli
er
s]

7.
3
[9
.3
–1

3.
8]
,

[4
.6
–1

8.
4]

7.
9
[7
.1
–1

2.
7]
,

[4
.2
–1

6.
4]

9.
8
[7
.9
–1

5.
5]
,

[4
.6
–2

1.
6]

6.
8
[7
.8
–1

3]
,

[1
62

–1
53

1]
6.

1
[6
.8
–1

2]
,[
4–

18
]

6.
8

3.
4

8.
7

6.
8

3.
4

M
ea
n
ou

tli
er
s
(n
)
fo
r

D
ur
at
io
n

2.
2

3.
5

0.
5

7.
0

M
ea
n
A
m
pl
itu

de
(μ
V)

[r
ef
er
en
ce

lim
its

fo
r
m
ea
n]
,

[r
ef
er
en
ce

lim
its

fo
r
ou

tli
er
s]

61
0.
0
[1
94

–1
17

4]
,

[1
58

–1
57

2]
44

1.
8
[2
06

–6
66

],
[1
78

–1
41

4]
76

1.
0
[2
06

–1
16

5]
,

[1
72

–1
95

4]
47

5.
5
[3
30

–7
70

],
[1
62

–1
53

1]
74

0.
5
[2
58

–1
24

6]
,

[1
88

–2
30

1]
36

2.
0

21
2.
0

33
4.
0

33
3.
0

24
2.
0

M
ea
n
ou

tli
er
s
(n
)
fo
r

A
m
pl
itu

de
1.
4

4.
3

0.
3

3.
0

Po
ly
ph

as
ia

(%
)

13
.5

18
.5

36
.8

27
.5

12
.0

22
.5

12
.0

2.
0

10
.0

8.
0

M
ea
n
SI

[r
ef
er
en
ce

lim
its

fo
r
m
ea
n]
,

[r
ef
er
en
ce

lim
its

fo
r
ou

tli
er
s]

0.
7

[0
.5
7–

1.
77

],
[−

0.
39

7–
2.
46

3]

0.
2

[−
0.
01

–1
.3
1]
,

[−
0.
53

9–
2.
05

3]

1.
1

[0
.4
6–

2.
02

],
[−

0.
47

8–
2.
91

6]

0.
2

[0
.2
3–

1.
47

],
[−

0.
47

8–
2.
91

6]

0.
0

[0
.2
2–

1.
74

],
[−

0.
91

2–
2.
28

1]

0.
2

0.
0

0.
5

0.
0

−
0.
8

M
ea
n
Th

ic
kn

es
s
(m

s)
[r
ef
er
en
ce

lim
its

fo
r
m
ea
n]
,

[r
ef
er
en
ce

lim
its

fo
r
ou

tli
er
s]

1.
2

[1
.2
1–

2.
1]
,

[0
.5
75

–2
.8
1]

1.
1

[1
.0
6–

1.
86

],
[0
.5
64

–2
.0
93

]

1.
6

[1
.2
6–

2.
18

],
[0
.6
02

–3
.1
1]

1.
0

[1
.1
2–

2]
,

[0
.6
48

–2
.9
43

]

0.
5

[1
.0
6–

1.
86

],
[0
.5
64

–2
.0
93

]

1.
2

0.
9

1.
5

1.
0

0.
6

Letter to the Editor Journal of the Neurological Sciences 400 (2019) 110–112

111



present data from biceps brachii and vastus lateralis muscles exhibited
little or no abnormalitiy. This probably reflects the phenotypic varia-
bility of muscle weakness distribution in MFM which is predominantly
distal or mixed (proximal and distal) in many patients [6]. In agreement
with previously published reports, fibrillation potentials and positive
sharp waves were uncommon (7 out of 31 muscles), while myotonic
discharges were more frequent (12 out of 31 muscles).

Comparisons of histological features with Q-EMG parameters
yielded two significant findings. First, there was a positive correlation
between muscle fibre diameter variability seen in muscle biopsy
(pooled for type I and type II fibers) and duration of MUPs. This is in
agreement with published computer simulations of MUPs with varying
combinations of duration, amplitude and number of phases which show
that MUPs with the same number and equal mean diameter of fibers
develop longer durations if they exhibit larger diameter variability [7].
The second finding indicates that type I muscle fibers of small diameter
are more likely associated with small amplitude MUPs. It reflects the
fact that MUP amplitude scales with the distance from the tip of the
electrode and the diameter of the closest muscle fibre. A size reduction
of the latter produces a lower action potential amplitude. It should be
kept in mind that the low effort at which the MUPs are collected,
probably introduces a sampling bias towards type 1 muscle fibers. The
attempt to correlate MUP parameters with qualitative, partly MFM
specific, histopathological characteristics failed to reveal any statistical
correlation.

Overall, the presence of only a few significant Q-EMG -biopsy cor-
relations might be partly caused by the small number of the included
patients or the phenotypic inhomogeneity of the MFM syndrome as
such. Nonetheless, in the few studies of the more common myopathies
that correlated Q-EMG to histology, there were significant discrepancies
between MUP features muscle biopsy [8,9].

Clearly, recruitment of more cases with this rare myopathy will

require multicenter collaborations and that would allow testing elec-
trophysiological features in specific, genetically defined, MFM sub-
groups.
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