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AAbbss tt rraacctt

BBaacckkggrroouunndd  aanndd  ppuurrppoossee:: In recently published reports, elec-
trophysiological findings were analysed, in some facioscapulo-
 humeral muscular dystrophy (FSHD) cases without genetic
disease confirmation. In several reports, some electrophysio-
logical findings were described, not specific for myopathy. 
The aim of study was to analyse electrophysiological findings
in a genetically homogeneous FSHD group to find possible
relationships between electromyography (EMG) abnormal-
ities and clinical symptoms.
MMaatteerriiaall  aanndd  mmeetthhooddss:: 37 patients with genetically proven
FSHD (23 men and 14 women) aged 7-58 years (mean 28.8
years) were studied. Electromyographic examinations were
done according to a uniform scheme for FSHD. Quantita-
tive EMG examination was performed in vastus lateralis, tib-
ialis anterior, deltoid and biceps brachii muscles.
RReessuullttss::  There was no correlation between clinical features
and electrophysiological findings. EMG confirmed myo-
pathic changes in all patients with most advanced changes in
tibialis anterior and deltoid muscles. Some of these changes
were unspecific for myopathy and the degree of their inten-
sity differed in particular muscles. The most advanced
changes were observed in the tibialis anterior and deltoid mus-
cles. The usefulness of the size index for myopathic process-
es assessment was confirmed. Analysis of so-called outliers
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SStt rreesszzcc zzeenniiee

WWssttêêpp  ii cceell  pprraaccyy::  W dotychczas publikowanych doniesie-
niach analizowano zjawiska elektrofizjologiczne u chorych
z dystrofi¹ twarzowo-³opatkowo-ramieniow¹ (facioscapulohu-
meral muscular dystrophy – FSHD), niekiedy bez genetycz-
nego potwierdzenia rozpoznania. W niektórych badaniach
wykazano obecnoœæ nieswoistych dla miopatii zmian elektro-
fizjologicznych. W pracy podjêto próbê oceny zmian elek-
tromiograficznych (EMG) w genetycznie homogennej grupie
chorych na FSHD. Przeanalizowano zmiany elektrofizjolo-
giczne i wy³oniono ewentualne korelacje elektrofizjologiczno-
-kliniczne w FSHD.
MMaatteerriiaa³³  ii mmeettooddyy:: Materia³ stanowi³a grupa 37 pacjentów
z genetycznie potwierdzonym rozpoznaniem FSHD (23 mê¿ -
czyzn i 14 kobiet) w wieku 7–58 lat (œrednia wieku: 28,8 ro -
ku). Badania EMG przeprowadzono wg jednolitego schema-
tu. Wykonywano iloœciowe badanie EMG miêœni: obszer nego
bocznego uda i piszczelowego przedniego, naramiennego,
dwug³owego ramienia.
WWyynniikkii::  Nie wykazano korelacji pomiêdzy stopniem nasile-
nia objawów klinicznych a parametrami EMG. Badania
pozwoli³y na potwierdzenie miopatycznego charakteru zmian.
Zmiany by³y nieswoiste, a stopieñ ich nasilenia ró¿ny
w poszczególnych miêœniach. Najwiêksze zmiany obserwo-
wano w miêœniu piszczelowym przednim i naramiennym.
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IInnttrroodduuccttiioonn

Facioscapulohumeral muscular dystrophy (FSHD),
one of the most common muscular dystrophy variants
[1], was first described in the middle of the 19th cen-
tury [2]. The inheritance is autosomal dominant and
the genetic defect results from deletion of D4Z4 tan-
dem repeats at the 4q35 locus [3]. The molecular
pathology is very complicated and not clearly under-
stood [4].

Clinical features are very characteristic, and the dis-
tribution of the weakness is quite unique. Facial weak-
ness is evident in limited movements of lips; patients are
unable to whistle or inflate their cheeks. Scapular wing-
ing and characteristic appearance of the shoulder girdle,
so-called triangular shoulders, is typical. Lower limb
weakness affects mainly distal muscles, especially the
anterior tibialis muscle, which, if evident, may suggest
the neurogenic process. Contrary to other dystrophies,
asymmetry and selectivity of muscle involvement are
very characteristic for FSHD.

Before molecular tests became available, the diag-
nosis of FSHD was based on the clinical grounds, fam-
ily history and electromyography (EMG) findings. At
that time, FSHD diagnosis in some cases was difficult
to make, due to relatively high frequency of atypical and
subclinical cases, also due to intra- and interfamilial clin-
ical variability of the disease.

The results of EMG in FSHD were generally
assessed as myopathic [5,6]. In some patients, howev-
er, EMG changes atypical for myopathy were described.
Changes atypical for myopathy included increased
amplitude of single motor unit potentials (MUPs) 
and spontaneous activity at rest [7]. One of the caus-
es of aty pical electrophysiological findings recorded in
FSHD could be the presence of inflammatory changes
seen in a muscle specimen [8-11]. Munsat even sug-
gested the existence of an FSHD inflammatory variant
and showed the presence of fibrillations at rest, which
he interpreted as a neurogenic sign [12]. It is now
known that fibrillations and positive sharp waves may
be recorded not only in neurogenic but also in myo-
pathic processes, especially in the acute stages of myosi-
tis and in quickly progressive muscular dystrophy
[13,14]. There are no current data available on the fre-
quency of so-called inflammatory changes in FSHD
muscles in patients with the diagnosis confirmed by
molecular tests.

The aim of the study was electrophysiological char-
acterisation of FSHD, especially in the view of recent
reports. We intended to assess the relationship between
clinical and electrophysiological findings and discuss
appropriate selection of particular muscle and MUP
parameters to be tested. We also planned to assess the
electrophysiological changes in subclinical cases of
FSHD.

for motor unit activity potential parameters did not show any
new data for evaluation of the myopathic process. Myopath-
ic changes in our material were not as advanced as those
described in classical dystrophies. Histopathological exami-
nations of skeletal muscle were normal in about 1/3 of
patients.
CCoonncclluussiioonnss:: We established that myopathic changes are
clearly present in FSHD, with different degrees of intensity,
most pronounced in tibialis anterior and deltoid muscles.
There was no correlation between electrophysiological find-
ings and clinical features. The size index provided the high-
est motor unit potential diagnostic sensitivity in FSHD.

KKeeyy  wwoorrddss::  myopathy, facioscapulohumeral muscular dys-
trophy, electromyography, motor unit potential, size index.

Potwierdzono przydatnoœæ wskaŸnika wielkoœci w ocenie pro-
cesu miogennego, analiza tzw. outliers dla parametrów poten-
cja³ów jednostki ruchowej nie wnios³a nowych danych. Zmia-
ny miopatyczne w analizowanym materiale nie by³y tak
zaawansowane jak te w klasycznych dystrofiach. Badanie
histopatologiczne miêœnia szkieletowego w ok. 1/3 przypad-
ków by³o prawid³owe.
WWnniioosskkii::  W FSHD badania elektrofizjologiczne potwier-
dzaj¹ miopatyczne uszkodzenie miêœni, o ró¿nym stopniu
nasilenia w poszczególnych miêœniach. W najwiêkszym stop-
niu zmiany obecne s¹ w miêœniu piszczelowym przednim
i naramiennym. Parametry elektromiograficzne nie wykazuj¹
korelacji ze stopniem zaawansowania objawów klinicznych.
W opracowaniu autorów najwiêksz¹ diagnostyczn¹ czu³oœæ
dla zmian miopatycznych wykazywa³ wskaŸnik wielkoœci
potencja³ów czynnoœciowych jednostek ruchowych.

SS³³oowwaa  kklluucczzoowwee:: miopatia, dystrofia twarzowo-³opatkowo- 
-ramieniowa, elektromiografia, potencja³ czynnoœciowy jed-
nostki ruchowej, wskaŸnik wielkoœci.

FSHD – electrophysiological-clinical relationships
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MMaatteerriiaall  aanndd  mmeetthhooddss

We performed quantitative EMG in 37 patients 
(23 men and 14 women) aged 7-58 years (mean: 28.8
years) with the diagnosis of FSHD confirmed by mol-
ecular tests. The group was genetically homogeneous

(Table 1). The clinical status was assessed according to
the FSHD grading scale (Table 2, Fig. 1). Nine cases
were of early onset according to Brouwer’s criteria [15].
These were associated with a rather quick and unfa -
vourable course. Three patients presented with subtle
or subclinical symptoms. The remaining 25 cases had
a typical FSHD phenotype (Tables 1 and 3).

The Medical Research Council (MRC) scale
(grades 0-5) was used to assess muscle strength. Mean
results of muscle strength assessment in different FSHD
types are presented in Table 4 and Fig. 2.

Electrophysiological tests comprised a conduction
study of motor and sensory nerves (median, peroneal
and sural) and quantitative concentric needle elec-
tromyographic (CNEMG) examination of 4 muscles
(biceps brachii – BB, deltoid – DD, vastus lateralis –
VL, tibialis anterior – TA). Electromyographic record-
ings were done on one side; in case of asymmetric mus-
cle involvement, the examination was performed in the
more clinically affected muscle.

Quantitative EMG was performed in a standard 
way using concentric needle electrodes (type DCN 37, 
Me d tronic) and Keypoint, Medtronic Functional Diag-
nostics EMG system; MUPs were registered using
multi-MUAP software. Only muscles with at least 
20 different MUP samples were included for further
analysis. During voluntary movement, MUP parame-
ters (duration, amplitude, size index and number of
polyphasic potentials) were analysed.

Activity at rest, amplitude and density of electrical
activity at maximal effort were evaluated visually and
quantitatively directly from the screen of the monitor.

FFaammiilliiaall  SSppoorraaddiicc TToottaall
ccaasseess ccaasseess ((nn ==  3377))
((nn ==  2255)) ((nn ==  1122))

SSeexx

Female 10 4 14

Male 15 8 23

AAggee  [[yyeeaarrss]],,  32.4 22.5 28.3 
mmeeaann  ((rraannggee)) (13-58) (7-47) (7-58)

FFSSHHDD  vvaarriiaannttss

Early onset variant 4 5 9

Subclinical variant 4 0 4

Typical variant 17 7 24

TTaabbllee  11.. Clinical characteristics and heterogeneity in studied patients with
facioscapulohumeral muscular dystrophy (FSHD)

0 no signs of muscle weakness

1 facial weakness only

2 mild scapular weakness, no limitations of abduction 
or elevation, often asymptomatic

3 moderate scapular weakness 
arm abduction above 60°, usually symptomatic

4 severe scapular weakness
arm abduction above 60°, no lower limb involvement
abdominal muscles might be weak

5 foot-extensor weakness; no pelvic girdle weakness

6 mild pelvic girdle weakness
stands up without support

7 moderate pelvic girdle and proximal leg weakness
stands up with support of one arm

8 severe pelvic girdle and proximal leg weakness
stands up with support of both arms, cannot walk stairs
walks unaided, uses wheelchair for some outdoor activities

9 walks a few steps, needs wheelchair outdoors, 
uses wheelchair indoors

10 completely wheelchair dependent 

TTaabbllee  22..  Grading system for facioscapulohumeral dystrophy (modified from
scale by Ricci and Padberg)

FFiigg..  11..  Mean grading in different types of facioscapulohumeral dystrophy
(FSHD)

Phenotype assessment in FSHD patients [7]. Patients with early onset of the disease presented with higher
mean grading. Subclinical cases had the lowest grading.
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PPaattiieenntt GGeennddeerr AAggee  aatt  FFSSHHDD FFaammiillyy DDiisseeaassee GGrraaddiinngg** CClliinniiccaall EEMMGG
eexxaammiinnaattiioonn 44qq2233  ddeelleettiioonn hhiissttoorryy dduurraattiioonn pphheennoottyyppee rreessuullttss

1 F 15 14 sporadic 15 6 early onset myopathy

2 M 22 24 sporadic 6 7 typical myopathy

3 M 16 20 familial 3 typical myopathy

4 F 14 20 familial 7 typical myopathy

5 M 32 20 familial 19 7 typical myopathy

6 F 58 20 familial – 2 subclinical myopathy

7 M 15 10 familial 7 early onset myopathy

8 F 56 27 familial 20 6 typical myopathy

9 F 20 27 familial 6 typical myopathy

10 F 52 24 familial 7 typical myopathy

11 M 47 15 sporadic 7 7 typical myopathy

12 M 23 24 sporadic 5 typical myopathy

13 F 13 10 sporadic 10 early onset myopathy

14 M 13 19 familial 7 early onset myopathy

15 M 54 22 familial 12 7 typical myopathy

16 M 14 10 sporadic 3 typical myopathy

17 M 20 19 familial 5 typical myopathy

18 M 16 16 sporadic 2 3 typical myopathy

19 F 10 15 familial 15 7 early onset myopathy

20 M 38 15 familial 29 10 early onset myopathy

21 M 51 20 familial 33 6 typical myopathy

22 M 13 11 sporadic 10 7 early onset myopathy

23 M 38 17 familial 24 6 typical myopathy

24 M 33 22 familial 3 5 subclinical myopathy

25 M 19 27 familial 2 typical myopathy

26 M 46 15 familial 28 5 typical myopathy

27 M 24 11 familial 8 typical myopathy

28 F 14 17 familial 3 typical myopathy

29 F 30 24 familial 20 ? typical myopathy

30 F 7 10 sporadic 7 early onset myopathy

31 F 12 16 familial 6 typical myopathy

32 F 43 22 sporadic 15 6 typical myopathy

33 M 44 20 sporadic 6 typical myopathy

34 M 37 26 familial 3 subclinical myopathy

35 F 20 22 familial – 2 subclinical size index only

36 M 14 10 sporadic 6 early onset myopathy

37 M 55 24 familial 40 7 typical myopathy with
some unspecific 

changes

TTaabbllee  33..  Clinical and electrophysiological features of patients with facioscapulohumeral dystrophy (FSHD)

EMG – electromyography, M – male, F – female
*Grading – clinical phenotype according to FSHD scale (see Table 2)

FSHD – electrophysiological-clinical relationships
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In the majority of familial cases, EMG examination
was performed in the one affected only. In four families
electromyography was done in two affected persons from
the same family.

Muscle biopsies were done in 28 cases (10 VL and
18 BB muscles), on the side which was not affected by
EMG examination.

Statistical methods used for data analysis were as fol-
lows: for interval variables – simple descriptive statis-
tics, such as means, standard deviations (SD), medians
and ranges.

The Shapiro-Wilk W-statistic was used to test for
normality, and Spearman coefficients were used as
a measure of the relationship between variables. P-val-
ue < 0.05 was used to reject the ‘null’ hypothesis [16].
Calculations were performed using SAS System [17].

RReessuullttss  

Obtained results were compared with the normal
values adopted by the Neurophysiological Unit of 

the Neurological Department, Medical University of 
Warsaw.

Conduction velocities, distal latencies and amplitudes
of evoked potentials in motor ad sensory fibres were
within normal limits.

The CNEMG tests revealed myopathic changes in
all examined patients and in 130 out of 136 muscles.

In the minority of cases, fibrillations and/or positive
sharp waves (13.5%) and pseudomyotonic discharges
(2.7%) were recorded. No spontaneous activity was
observed in DD muscles.

The pattern of electrical activity was proportional to
the effort (normal) in 60.5% of examined muscles.
A pathological interference pattern was recorded in less
than 40% of examined muscles. A decreased (lower than
1 mV) amplitude at maximal effort was found in less
than 50% of muscles – most frequently in TA and DD
muscles (Table 5).

Pathological interference pattern (50% of cases) with
decreased (< 1.0 mV) maximal effort amplitude (64%
of muscles) correlated with decreased TA muscle
strength (grade 3.2 in MRC).

Maximal effort amplitude higher than 5.0 mV, with-
out decrease in density, was recorded in 8.8% of all exam-
ined muscles, most frequently in DD and VL (Table 5).

In individual muscles, different degrees of single
MUP abnormalities were recorded, most frequently in
TA and DD muscles (Tables 6 and 7). Short duration
of potentials and decreased size index in more than 50%
of DD and TA muscles were noted.

In only 14% of FSHD cases, decreased duration and
SI values in all four examined muscles were recorded
(Table 8). This finding confirms selective muscle
involvement.

In 17.7% of DD muscles, mean MUP amplitude
was decreased, and in 11.8% of DD and 11% of VL it
was increased. There was no mean MUP duration or
SI above 2 SD of control (normal value) in any of the
examined muscles.

EExxaammiinneedd  mmuusscclleess BBiicceeppss  bbrraacchhiiii  mmuussccllee DDeellttooiidd  mmuussccllee VVaassttuuss  llaatteerraalliiss  mmuussccllee TTiibbiiaalliiss  aanntteerriioorr  mmuussccllee
((nn ==  3355)) ((nn ==  3344)) ((nn ==  3377)) ((nn ==  3300))

Mean strength 3.6 3.2 4.2 3.3
(MRC grade)

% of muscle with 29.4 14.7 50.0 26.7
preserved full strength
(MRC scale grade 5)

TTaabbllee  44.. Muscle strength in 136 examined muscles of patients with FSHD

MRC – Medical Research Council scale (0-5)

FFiigg..  22.. Mean strength (MRC grade) of muscles in different types of faciosca-
pulohumeral dystrophy (FSHD)

VL muscle strength is well preserved in all clinical FSHD types; it is between 4.5 and 4.1 MRC grade. 
The second best preserved muscle is BB.
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MMuussccllee SSuubbjjeeccttss AAmmpplliittuuddee  ooff  MMUUPP  ((mmVV))** DDuurraattiioonn  ooff  MMUUPP  ((mmss))** SSiizzee  iinnddeexx**

Biceps brachii FSHD 389 ± 152 (91-988) 7.33 ± 1.16 (4.55-10.3) 0.034 ± 0.4 (−1.01-1.19)

Controls 436 ± 115 (206-666) 9.9 ± 1.4 (7.1-12.7) 0.65 ± 0.33 (−0.01-1.31)

Deltoid FSHD 496 ± 205 (233-1228) 7.55 ± 1.37 (3.1-9.5) 0.28 ± 0.41 (−0.89-1.45)

Controls 550 ± 110 (330-770) 10.4 ± 1.3 (7.8-13.0) 0.85 ± 0.31 (−0.23-1.47)

Vastus lateralis FSHD 710 ± 354 (223-1960) 8.74 ± 1.92 (6.0-14.2) 0.63 ± 0.58 (−0.5-1.74)

Controls 687 ± 239 (209-1165) 11.7 ± 1.9 (7.9-15.5) 1.24 ± 0.39 (−0.46-2.02)

Tibialis anterior FSHD 561 ± 226 (160-1395) 7.79 ± 1.62 (4.3-11.2) 0.298 ± 0.50 (−0.95-1.02)

Controls 666 ± 254 (158-1174) 11.4 ± 1.2 (9.0-13.8) 1.17 ± 0.30 (−0.57-1.77)

TTaabbllee  66..  Mean values of chosen motor unit action potential (MUP) parameters in examined muscles of FSHD patients and controls

*Data are presented as means ± standard deviations (range)
FSHD – facioscapulohumeral dystrophy

MMuussccllee MMeeaann  MMUUPP  aammpplliittuuddee MMeeaann  MMUUPP  dduurraattiioonn MMeeaann  MMUUPP  ssiizzee  iinnddeexx

>>  22  SSDD  >>  22  SSDD >>  22  SSDD >>  22  SSDD >>  22  SSDD >>  22  SSDD
bbeellooww aabboovvee bbeellooww aabboovvee bbeellooww aabboovvee

Biceps brachii 5.7% 2.9% 42.9% 0% 34.3% 0%
(n = 35)

Deltoid 17.7% 11.8% 55.8% 0% 50% 0%
(n = 34)

Vastus lateralis 0% 10.8% 37.8% 0% 40.5% 0%
(n = 37)

Tibialis anterior 0% 3.5% 72.4% 0% 68.9% 0%
(n = 29) 

TTaabbllee  77.. The percentage of facioscapulohumeral dystrophy patients with abnormal values (> 2 standard deviations [SD]) of mean motor unit action potential (MUP)
parameters in examined muscles

MMuusscclleess IInntteerrffeerreennccee  MMuusscclleess  wwiitthh MMuusscclleess  wwiitthh    mmaaxx.. MMuusscclleess  wwiitthh
ppaatttteerrnn  aammpplliittuuddee  mmaaxx..  eeffffoorrtt  aammpplliittuuddee eeffffoorrtt  aammpplliittuuddee  lloowweerr ppaatthhoollooggiiccaall
[[mmVV]];;  rraannggee hhiigghheerr  tthhaann  55  mmVV,, tthhaann  11  mmVV,, iinntteerrffeerreennccee  ppaatttteerrnn

%%  ((nn)) %%  ((nn)) iinn  mmaaxx..  eeffffoorrtt,,  %%  ((nn))

Biceps brachii 0.1-7.0 8.57 (3) 54.34 (19) 32.35
(n = 35)

Vastus lateralis 0.1-9.0 11.44 (4) 39.39 (13) 22.86
(n = 37)

Deltoid 0.2-8.0 12.50 (4) 35.45 (11) 51.52
(n = 34)

Tibialis anterior 0.1-5.5 3.33 (1) 64.27 (18) 50.00
(n = 30)

Total 0.12-7.4 8.8 (12) 44.8 (61) 39.50
(n = 136)

TTaabbllee  55..  Electrophysiological results: amplitude of interference pattern

FSHD – electrophysiological-clinical relationships
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In 19 BB muscles (54%) and in 11 TA (38%) mus-
cles, the amplitude of outliers was below the lower lim-
it, whereas in 2 (7%) TA muscles the amplitude of out-
liers was above the upper limit (Tables 8 and 9).

Generally, there was no correlation between the
degree of EMG changes, the age of FSHD patients and
clinical phenotype (early onset, subclinical and typical).

In two out of three patients with subclinical FSHD
phenotype, EMG showed typical myopathic changes.
In one subclinical case (no. 35, Table 3) only SI was
decreased and the other MUP parameters remained
within normal limits.

There were no pathological changes in nine (31%)
out of 28 muscle biopsy specimens (BB, VL). In the
remaining cases, the degree/intensity of myopathic
changes in muscle biopsy differed; mainly atrophy of
fibres and decreased number of type 1 fibres were
observed. In one case inflammatory-like changes were
demonstrated.

There was no clear relationship between weakness
in any given (VL, BB) muscle and EMG results or
histopathological findings. However, EMG findings
and histopathological material identified did not come

from the same muscle, because the biopsy was always
done on the side opposite to the EMG-tested side.

We found that decreased MUP parameters (SI, dura-
tion, single potential amplitude, mean effort amplitude)
were most frequently observed in TA. The next most
affected muscle was DD. A pathological interference pat-
tern was most frequently seen in DD and TA muscles.

DDiissccuussssiioonn

It is believed that EMG studies in FSHD could
provide much less information than in other dystrophies.
Why EMG in such clear myopathy can be myopathic,
normal, or can present with some findings unspecific for
myopathy, is not known. Even in cases with clearly pure
myopathic phenotype, EMG may show differently
expressed myopathic features.

The study was conducted in quite a large, genetically
homogeneous FSHD group; nevertheless, the occa-
sional presence of spontaneous activity at rest, high mean
MUP amplitude and high maximal effort amplitude is
rather unexpected.

Several previous studies [5,6,13,18] provided data
on the sensitivity of quantitative EMG in FSHD patients.

In any kind of myopathy, BB and VL muscles are
routinely examined in EMG. It is known, however, that
selective and asymmetric muscle involvement is char-
acteristic for FSHD [1,7].

Electrophysiological findings in our FSHD patients
showed myopathic changes in all cases. Nonetheless, the
degree of abnormalities was differently expressed in par-
ticular muscles. Relatively early and marked clinical
involvement of TA and DD muscles reflected clear
myopathic changes. VL muscles were often spared
(Tables 4 and 5, Fig. 3).

MMuussccllee MMUUPP  MMUUPP MMUUPP MMUUPP MMUUPP  ssiizzee MMUUPP  ssiizzee
aammpplliittuuddee aammpplliittuuddee dduurraattiioonn dduurraattiioonn iinnddeexx  bbeellooww iinnddeexx  aabboovvee
bbeellooww  lloowweerr  aabboovvee  uuppppeerr bbeellooww  lloowweerr aabboovvee  uuppppeerr lloowweerr  lliimmiitt uuppppeerr  lliimmiitt

lliimmiitt lliimmiitt lliimmiitt lliimmiitt

Biceps brachii 19 (54%) 2 (5.7%) 2 (5.7%) 0 2 (5.7%) 0
(n = 35)

Deltoid 6 (17%) 1 (3%) 2 (6%) 0 1 (3%) 0
(n = 34)

Vastus lateralis 7 (19%) 3 (8%) 0 0 0 0
(n = 37)

Tibialis anterior 11 (38%) 2 (7%) 4 (14%) 0 2 (6.6%) 0
(n = 29) 

TTaabbllee  88. Number and percentage of muscles with at least 3 outlier values of individual MUP amplitude, duration or size index

NNuummbbeerr  DDuurraattiioonn AAmmpplliittuuddee SSiizzee  iinnddeexx
ooff  mmuusscclleess nn ((%%)) nn ((%%)) nn ((%%))

4 muscles 4 (14.29%) – 4 (14.81%)

3 muscles 7 (25%) – 3 (11.11%)

2 muscles 4 (14.29%) – 20 (40.74%)

1 muscle 8 (28.57%) 5 (17.86%) 4 (14.81%)

TTaabbllee  99.. Percentage of diminished mean motor unit action potential values
obtained in the same patient with facioscapulohumeral dystrophy

In all four examined muscles, MUP duration and size index were decreased only in about 14%
of cases, which shows and confirms the selectivity of muscle involvement.
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Podnar and Zidar showed that thickness (area/ampli-
tude) was the most sensitive MUP parameter, followed
by duration and finally by size index [5,19,20]. We
found that SI was most informative among evaluated
parameters.

Both parameters (SI and thickness) are dependent
on area and amplitude. SI also evaluates potentials’
thickness, but it has an advantage over area/amplitude
in that it is independent of the needle’s movement [21].
Therefore we considered SI to be the most objective and
informative parameter.

The SI parameter was first shown to be very sensi-
tive in detecting neurogenic changes in muscle [19].
We found that SI was also a relatively sensitive parame-
ter for evaluating myopathic changes [14]. The current
study confirmed that SI is a very informative MUP
parameter in FSHD. SI reduction reflects a decrease of
motor unit potential area due to diminished size and
number of activated muscle fibres.

The discrepancy between our and Podnar’s results
may be due to the number of muscles being studied. We
studied four muscles: TA, VL, BB and DD. Podnar
and Zidar evaluated two muscles, BB and VL, which
are not markedly affected in FSHD [5]. We tested
muscles on the more affected side, while in Podnar’s
study, right-sided muscles were examined, irrespective
of muscle asymmetry involvement.

Podnar and Zidar found that outliers demonstrated
higher sensitivity than mean MUP values [5]. We
showed that decreased amplitude was the only outlier
present in about half of BB and TA muscles.

In our material muscle biopsy was done in 73% of
cases. Only in one patient were inflammatory-like
changes detected (individual no. 36). In this case, there
was no spontaneous activity at rest. This particular
patient (no. 36, Table 3) was a sporadic case with an ear-
ly onset FSHD phenotype that clinically did not differ
from other early onset patients in our material. On the
other hand, in all patients with typical FSHD pheno-
type and with spontaneous activity at rest, muscle biop-
sy did not show any inflammatory changes. In our study,
spontaneous activity at rest was detected in 13.5% of cas-
es. This is the result of hyperexcitability of destroyed
muscle fibre membrane.

Overall, muscle biopsy was not helpful in making the
FSHD diagnosis; in about one third of cases, no patho-
logical changes were observed. Nevertheless, muscle biop-
sy is important in excluding alternative diagnoses such as
inflammatory, structural and metabolic myopathies.

In Stubgen’s study [6], a clear correlation between
patient age, disease duration and EMG results (MUP
amplitude, duration in triceps brachii muscles) was
demonstrated. In this study, however, the group of
patients was clinically homogeneous. The correlations
were less obvious in TA muscle, where clinical data
inversely correlated with the MUP duration.

The lack of correlation between patient’s age and
EMG parameters in our study was not unexpected. Our
FSHD patients presented with heterogeneous phenotype
(early onset, subclinical and typical); the onset of the dis-
ease in particular cases differed, and the severity and
involvement of individual muscles varied considerably.

The present study confirmed high diagnostic sensi-
tivity of multi-MUP parameters analysis, particularly
MUP size index and duration. In patients with sub-
clinical FSHD phenotype, decreased SI values without
other EMG abnormalities may be the only electro-
physiological sign suggesting myopathic lesion.

Marked and evident myopathic changes were not-
ed in TA muscles relatively early; therefore EMG of
these muscles should be included in the standardized
electrophysiological procedure in patients with suspect-
ed FSHD.

In typical muscular dystrophy, myopathic features
were previously well described [13]. The study was
done before genetic testing became available; therefore
the population could consist mainly of patients with
Duchenne and typical Becker muscular dystrophies –
the most frequent myopathies.

FFiigg..  33.. Percentage of muscles with normal strength (5 on MRC scale) in diffe-
rent types of facioscapulohumeral dystrophy (FSHD).

BB – biceps brachii, DD – deltoid, VL – vastus lateral, TA – tibial anterior
Full muscle strength of VL is preserved in over 60% of subclinical FSHD, but varies considerably in early onset
and typical cases.
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Myopathic changes in FSHD were not so advanced
as those seen in dystrophinopathies, which were the elec-
trophysiological model for myopathy [13]. In FSHD,
BB and VL may be only mildly or not affected. Com-
pared to dystrophinopathy, FSHD is rated as a mild and
slowly progressing myopathy, with some subclinically
affected muscles. This relatively mild progression is
reflected by rare spontaneous activity, no signs of den-
ervation, presence of high mean MUP amplitude and
high maximal effort amplitude, the latter being a sign
of regeneration.

Fibrillations and pseudomyotonic discharges were
only occasionally seen in FSHD; they occurred most
frequently in acute and quickly progressing myopathic
processes. Activity at rest is more frequently observed
in acute progressing Duchenne muscular dystrophy
(DMD).

In Emery-Dreifuss muscular dystrophy (EDMD),
EMG results were generally compatible with myopathy.
However, high amplitude polyphasic motor unit poten-
tials, so-called irregular MUPs (atypical for myopathy),
were also observed [22]. This dystrophy is character-
ized by relatively slow symmetric progression, hypoplas-
tic muscle and relatively well preserved muscle strength.
High amplitude potentials reflected the process of regen-
eration, a sign of slowly progressing myopathy.

When discussing the results obtained by Stubgen,
Podnar and ours, it should be stressed that in each study
the most sensitive MUP parameter in detecting myo-
pathic changes in FSHD is different. In Podnar’s study
it was thickness [5], in Stubgen’s study it was MUP
duration [6], in our study it was SI followed by dura-
tion. In each study, however, different muscles were
analysed. Additionally, FSHD patients in the study of
Stubgen were clinically relatively homogeneous [6], in
the study of Podnar clinical phenotype was not present-
ed [5], and in our study FSHD patients presented with
heterogeneous phenotype.

Due to the factors discussed above, clinical hetero-
geneity of the disease, selectivity and asymmetry of mus-
cle involvement in FSHD, and different inclusion cri-
teria for each of the studies, electrophysiological results
in relation to sensitivity of particular MUP parameters
must be heterogenic.

CCoonncclluussiioonnss

1. We did not find any clear correlation between clini-
cal FSHD type, age of onset and electrophysiologi-
cal findings.

2. Myopathic changes were most advanced in TA and
DD muscles, and correlated well with early and
marked clinical involvement of these muscles. TA and
DD muscles should be examined in any suspected
FSHD case.

3. The most frequent abnormal MUP parameter pro-
viding the highest diagnostic sensitivity was SI, fol-
lowed by MUP duration. SI may be the only abnor-
mal parameter in subclinical muscle involvement.

4. Rare high amplitude potentials and high amplitude of
maximal effort were regarded as atypical for myopa-
thy and could result from muscle fibre regeneration.
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