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Introduction
Some authors suppose that the Scapuloperoneal Muscular Dystrophy (SPD) with or without 

affection of the facial muscles is probably a variant of the Facioscapulohumeral Muscular Dystrophy 
(FSHD) [1-5]. Others suppose that SPD is probably an independent form of the disease [6-12]. It is 
not clear what degree of affection of isolated mimic muscles must be in the SPD patient in order to 
add the word “facio” to the name “scapuloperoneal”? It is unclear when biceps brachii muscles are 
involved in the dystrophic process in a patient with SPD, as well: is it before or after an affection of 
the lower limb muscles. Besides, authors have various opinions on the time of involvement of the 
peroneal group muscles. Some authors [10,11,13] suppose that the peroneal group muscles are the 
first to be involved in the dystrophic process. 

The aim of the investigation was to clarify the sequence of separate muscles and muscle groups 
involvement, and to establish the phenotypes of the muscle weakness at different stages of the 
facioscapulolimb, type 2 muscular dystrophy (FSLD2) linked with chromosome 4q35.

Patients and Methods
59 patients from 21 autosomal dominant FSLD2 families were examined. Among 59 patients, 

33 (55, 9%) (12 men and 21 women; 24-86 years old) were symptomatic and 26 (44.06%) (9 men 
and 17 women; 6-30 years old) were presymptomatic (Pr). Among 33 symptomatic patients 25 
(75.5%) had a Severe Degree of the Disease (SDD), 7 (21.2%) - a moderate (MoDD) and 3 (9%) - a 
mild (MDD) degree of the disease. We can observe the dynamic pattern of the muscle affection 
(the myogenic phenotype) and the disease severity in 24 FSLD2 patients who were re-examined 
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Abstract

We examined 59 patients (33 symptomatic and 26 presymptomatic) from 21 autosomal dominant families 
with 4q35 linked muscular dystrophy with the initial involvement of the face and shoulder girdle muscles 
and subsequently of the peroneal group (anterior tibial) muscles. However in most symptomatic patients the 
dystrophic process is not limited to these anatomical regions and is gradually extended to the thighs (posterior 
group of the muscles, but not quadriceps), pelvic girdle (gluteus maximus, but not gluteus medius) and not always 
to upper arm (biceps brachii). The dynamics of the clinical muscle pattern at different stages of the disease was 
confirmed by CT and MRI muscle study. Thus, our clinical study, CT and MRI studies show that in observed 
patients there are widespread involvements of the lower limb muscles. In this connection, the inaccuracy of the 
term “facio-scapulo-humeral (FSH)” or “Facio-Scapulo-Peroneal (FSP)” or “scapuloperoneal with minimal/slight 
affection of facial muscles [(F)SP]” muscular dystrophy becomes evident. The term “Facioscapulolimb Muscular 
Dystrophy, type 2 (FSLD2), descending with a “jump” with initial (F)SP or FSP phenotypes with 4q35 deletion” 
would be more correct. The (F)SP or the FSP phenotypes constituted merely a stage in the development of 
FSLD2. In many observed patients we revealed a very slight weakness (or atrophy) of individual mimic muscles 
or their parts, especially during the scapuloperoneal phenotype stage of the disease. A usually slight degree of 
weakness of the biceps brachii muscles was followed as a rule by the weakness of the peroneal group, posterior 
group of the thigh and gluteus maximus muscles. We suppose the FSLD2 is an independent form of the muscular 
dystrophy.
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(V. Kazakov) after 3-22.5 years (11 men), 24-37 years old (11 men) 
and 43-49 years old (3 men) (Table 1). The diagnosis of FSLD2 
was confirmed in all the patients by molecular genetic analysis of 
the isolated DNA which was performed by the EcoRI/BlnI double 
digestion using the p13E-11 (D4F104S) probe and other 4q35 
markers (D4S139, D4S153) in the Department of Neuromuscular 
Research, National Institute of Neuroscience, NCNP, Tokyo, Japan 
[14]. Moreover, in two-four members of each family the muscular 
dystrophy diagnosis was supported by the myopathic needle EMG 
and the normal motor and the sensory nerves conduction velocity 
(“Viking IV”, Nicolet, USA and concentric needle electrodes were 
used), myopathic changes on the supraspinatus or tibialis anterior 
muscle biopsy stained by hematoxylin and eosin (in 7 families from 
21) as well as on CT or MRI of the lower limbs muscle (17 patients 
from 21 families). To reveal the sequence of the muscle involvement 
and to establish the time of appearance of separate muscle and 
muscle group’s distribution a special test questionnaire was used [15]. 
Muscle strength was measured manually [16] using a 10-grade scale. 
The investigation of the trophics and function of the muscles, and 
abnormal postures of separate segments of limbs and the body and 
muscle retractions was conducted according to Kendall and Kendall 
[17]. Mimic muscle strength, the disease severity degree and the 
degree of the Daily-Life Work Disability (DLWD) in FSLD2 patients 
(was) were measured according to the criteria defined by Kazakov 
[18,19]. Computed Tomography (CT) of lower limb muscles in the 
mid-sections of the thigh and lower leg was performed bilaterally on 
a computer tomograph (Siemens, Somaton, Germany) in axial 5mm 
thick slices. Abnormal signal was classified according to Hawley et 
al. [20]. Magnetic resonance imaging (MRI) of 20 muscles bilaterally 
was performed on a 1.5-tesla Siemens; Magneton Vision system 
using axial T1 weighted (T1W) images. 20 sections of the muscle 
were analyzed with an emphasis to the mid-sections of the thighs 
and lower legs with 8 mm thick and the 9mm gap between the slices. 
Abnormal signal was classified according to Jungbluth H. et al. [21].

Results
In all the families, which had the same or different DNA Fragment 

Size (DFS) ranging between 13-35 kb (double digestion) and linked 
with 4q35, we observed the similar clinical variability of phenotype 
between the patients belonging both to the same family and to 
different ones that is within and between the families (Table 1). We 
found the different degrees of the mimic muscles weakness among the 
patients belonging to the same family. We did not encounter patients 
with the spared facial muscles. Among 22 patients with the developed 
disease including 15 with the (Facio)Scapuloperoneal [(F)SP)] and 7 
with the final (Facio)-Scapulo-Peroneal-Femoro (Posterior Group Of 
The Muscles)-Gluteo (Gluteus Maximus)-Humeral (biceps brachii, 
affected in a slight degree) [(F)SPFG(H)] phenotypes very slight 
weakness (or atrophy) of separate mimic muscles or their portions 
(more often orbicularis oris and orbicularis oculi) was observed. 11 
other patients with the final facio-scapulo-peroneal-femoro-gluteal 
(FSPFG) and FSPFG(H) or FSPFGH phenotypes had severe weakness 
(and atrophy) of orbicularis oris or its parts, more often on one side, 
together with the different degrees of the weakness of one of the mimic 
muscles (orbicularis oculi, zygomaticus, levator labii superioris, 
levator anguli oris, frontalis) on the same or on another side. Some of 
these patients had features of the myopathic face observed only while 
speaking, laughing and especially smiling. 

However even among the patients with a marked affection of 
the isolated facial muscles and with the features of myopathic face 
there were no persons who complained of the weakness or atrophy 
of the mimic muscles or changes of the facial expression. These 
patients as well as their parents and closest relatives did not notice the 
affection of the mimic muscles. The majority of the patients who had 
even the final FSPFGH phenotype of the disease learned about their 
mimic muscle disturbances for the first time from V.K. during their 
examination. The patients considered that in the earlier period of the 
disease the shoulder girdle muscles had been affected. Some of these 
patients even supposed that the weakness of extensors of feet was the 
first symptom of the disease. However, a special test questionnaire 
used in patients and their relatives permitted to establish that in the 
majority of these patients the face was affected simultaneously with 
the shoulder girdle muscles or even earlier, although in some patients 
the disease began with the abnormal posture of shoulder girdle. Thus, 
in many patients observed we revealed a very slight weakness of the 
individual mimic muscles or their portions, especially at the stage of 
the disease presenting the scapuloperoneal (SP) phenotype which 
would be more correct to refer to as a (facio)scapuloperoneal [(F)SP] 
phenotype.

Another clinical peculiarity of the disease studied was a very 
late and usually a slight affection of the upper arm (biceps brachii) 
muscles). In 18 of patients having a final phenotype of the disease 
called FSPFG or (F)SPFG the biceps brachii muscles were preserved 
(5 men) or were weakened (in) to a slight degree (grade 4) only 
on one side [9 men with (FSPFG(H) or (F)SPFG(H) phenotypes] 
although the disease started in childhood. Only 4 patients (from 
different 4 families) had severe affection (grade 2) of biceps muscles 
although in other relatives with final phenotypes these muscles were 
spared (in 3 families) or weakened in a slight degree only on one side 
(1 family). We could not reveal the pure facioscapulohumeral (FSH) 
and scapulohumeral (SH) phenotypes of the muscle weakness among 
59 examined patients including Pr ones. As a rule, biceps brachii 
weakness appeared in patients after the appearance of weakness 
of lower limb (peroneal group, posterior group of the thigh) and 
pelvic girdle (gluteus maximus) muscles. These patients had the final 
phenotype FSPFG(H) or (F)SPFG(H). Only in five patients the biceps 
brachii muscles were affected after the severe affection of the peroneal 
group muscles, namely anterior tibial. These patients had a facio-
scapulo-peroneal-humero-femoro-gluteal (FSPHFG) phenotype. 

To illustrate this we would like to give a short description of the 
two typical FSLD2 families in which the patients were re-examined by 
V.K. after 24 -28, 35 - 37, 44 and 47 years (one patient from family 8 
and other from family 2) and in which changes of the phenotype on 
the different stages of the FSLD2 were observed (Table 2).

Family 2, DFS 24/27 kb. The proband, III-7 (Table 2), a woman 
aged 73, has slept with the semi-open eyes since childhood. From 
early school years she had a round-shoulder and a “sunken” chest. 
At the age of 18 the marked weakness of extensors of the left foot 
appeared.

In 1960 the patient, aged 36, according to her case history, had 
a “pure” scapuloperoneal phenotype with minimal weakness of 
orbicularis oris and orbicularis oculi muscles.

During the first examination in 1969 at the age of 45 the patient 
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had a severe asymmetrical scapuloperoneal phenotype with a very 
mild weakness of the left half of the orbicularis oris and orbital part 
of the orbicularis oculi muscles (Figure 1a-c). Moreover, a slight 
weakness of the posterior thigh and gluteus maximus muscles only 
on the left side was found.

On re-examination after 24 years, in 1993 (at the age of 69) her 
phenotype switched to an asymmetrical final facio-scapulo-peroneal-
femoro-gluteo-(humeral) [FSPFG(H)] one with severe weakness of 
the orbicularis oris (upper part) and the orbicularis oculi (orbital 
part), scapuloperoneal region and abdominal muscles and moderate 
weakness (grade 3+) of the posterior thigh and gluteus maximus 
muscles and with slight weakness (grade 4) of the biceps brachii 
muscle only on the left side (Figure 1d-g). The gluteus medius, 

iliopsoas and quadriceps muscles strength was spared. Deep reflexes 
were extremely lowered. Sensation was intact. Serum CK was 36 IU 
(normal to 190 IU). A biopsy specimen of her supraspinatus muscle 
showed myopathic changes. NCV were normal. EMG showed 
myogenic changes. CT of the patient (at the age of 71) showed 
a total/severe involvement of anterior and superficial posterior 
compartments of lower leg muscles, semimembranosus and adductor 
of thighs with sparing of quadriceps, peroneus longus on the right 
side and deep posterior compartment of lower leg muscles (Figure 
1h-i).

The patient was re-examined again after 28 years, in 1997 (at 
the age of 73). Her clinical phenotype of muscle weakness did not 
substantially change but she could not stand up on her toes. 

Table 1: Myogenic Phenotype and Severity disease Dynamics Versus DFS in 27 patients with AD FSLD2.

№ F DFS Kb № in pedigree Age exm M. Ph. D. S. disease DLWD D yrs Age Re exm M. Ph D.S. disease

2 24

III-7 36h (F)SP MoD 2 -37

45 (F)SP(FG) SDD 2 28 73 FSPFG(H) SDD

III-10 36 (F)SP SDD 2 37 73 (F)SP SDD

IV-8 6 F(S) Pr 1 36 42 FSP MoD

5 22
IV-7 23 (F)SP(F) SDD 2 29 52 FSPFG(H) SDD

V-4 1.5 Normal 22 24 (F)SP Pr

8 20

II-13 60 (F)SP SDD 2 28 88 (F)SPFG(H) SDD

III-25 28 (F)SP Pr 1 44 72 (F)SP MDD

IV-17 5.5 F(S) Pr 1 35 41 FSP(F) SDD

13 25 IIII-8 26h. FSP(H) SDD 2 -37 63 FSPHFG SDD

18 24 III-3 18h. F(S) MDD 1 -49 67 FSPFG(H) SDD

20 13

III-2 73 FSP(FG) SDD 2 7 80 FSPFG(H) SDD

III-10 62 FSPH(FG) SDD 2 3 65 FSPHFG SDD

IV-2 18h FS MDD 1 30 48 FSPFG SDD

19 17
III-4 47h (F)S MDD 1 -8 55 (F)SP(FG) SDD

IV-2 19h (F)SP MDD 1 -20 39 FSPFGH SDD

16 20

III-5 45 FSP SDD 2 13 58 FSPFG SDD

IV-6 21 FSP MoDD 2 15 3 FSP(F) MoDD

IV-10 17 FSPH(FG) SDD 2 18 35 FSPHFG SDD

21 14

II-6 49 FSP MDD 1 11 60 FSPFG SDD

III-5 25 FSPFGH SDD 3 14 39 FSPFGH SDD

III-7 14 (F)SP Pr 1 12 26 (F)SP Pr

22 20 III-1 42 FSP MoDD 2 7 49 FSP SDD

9a 13 IV-1 25h. (F)S Pr 1 -49 74 (F)SPFG SDD

13a 23 III-1 18h. (F)SP Pr 1 -27 45 FSPFG SDD

1 23 IV-42 31 FSP Pr 1 24 55 FSP(FGH) MoDD

15
21 V-10 10 S Pr 1 24 34 (F)SP Pr

30 V-17 15 (F)S Pr 1 24 39 (F)SP Pr

№ F: Number of Family; DFS: DNA Fragment Size; Kb: Kilobases;

Age exm: Age Examination; M. Ph: Myogenic Phenotype; D.S. disease: Degree Severity of Disease;

DLWD: Daily-Life Work Disability; D. yrs: Duration of the Disease Before Reexamination;

Age reexam: Age of Reexamination; Pr: Presymptomatic; MDD: Mild Degree of the Disease;

MoDD: Moderate Degree of the Disease; SDD: Severe Degree of the Disease; h: myogenic phenotype [19].
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Thus, in this patient the severe scapuloperoneal phenotype with 
very slight weakness of the orbicularis oris and orbicularis oculi 
muscles had persisted in the clinical picture for about 10 years and 
then gradually passed onto final FSPFG(H) phenotype with severe 
weakness of the orbicularis oris muscle (upper part). 

The patient worked as an engineer until 55 till retirement and 
continued working after that. At present (January 2005) she (aged 
80) can climb the stairs with the aid of railing to the 4 floor, walk 
independently the streets at a short distance and she cannot use a 
public transport.

The proband’s brother, III-10 (table 2), aged 73 and had a 
“sunken” chest and a “round” back since childhood. At the age of 18 
the marked weakness of the extensors of the left foot appeared. 

During the first examination in 1969, aged 36, he had a “pure” 
asymmetrical and severe (F)SP phenotype with minimal atrophy 
of the upper lip only on the right side and a slight weakness of the 
orbicularis oculi muscles (the orbital parts) (Figure 2 a-c). 

On re-examination after 24 and 28 years, in 1993/97 (at the 
age of 60 and 64) he had the same (F)SP phenotype with a slight 
weakness of the orbicularis oris muscle on the right side and orbital 
part of orbicularis oculi muscles (2 d-g). The abdominal muscles were 
preserved. His deep reflexes were lowered and sensation was intact. 
NCV were normal. EMG showed myopathic changes. 

The patient was re-examined again after 37 years in December 
2005 (at the age of 73). His clinical (F)SP of muscle weakness was 

Table 2: Phenotypes (the static and dynamic muscle pattern) in patients from the families 2 and 8 with 4q 35-linked AD FSLD2.

№F DFS, Kb Members Age onset yr Age exam yr Year exam Phenotypes

F. 2 27/24

proband 6-10

36c.h. 1960 (F)SP

45 1969 (F)SP(FG)

69 1993 FSPFG(H)

73 1997 FSPFG(H)

proband’s brother 6-10

36 1969 (F)SP

60 1993 (F)SP

64 1997 (F)SP

73 2005 (F)SP

proband’s niece <5

6 1969 (F)S

30 1993 FSP

42 2005 FSP

55 2015 FSP(F)G

60 1969 (F)SP

F. 8 23/20

proband 6-10
86 1994 FSPFG(H)

88 1996 FSPFG(H)

proband’s daughter ?

28 1969 (F)SP

55 1996 (F)SP

72 2013 (F)SP

proband’s        
granddaughter <5

5.5 1969 (F)S

29 1993 FSP

32 1996 FSP

41 2004 FSP(F)

Figure 1 A-C: Observation 7, family2, proband, aged 45, p13E11 EcoRI/
BlnI DFS 27/24 kb.

A. Very slight weakness of the orbicularis oris muscle on the left side

B. the winging of the scapulae

C. The patient cannot extend her feet is seen more clearly on the right side.

Figure 1 D-G: The same patient as in Figure 1 A-C, aged 69. Re-examination 
after 24 years.

D. The patient cannot to puff out the cheeks.

E. abduct her arms to horizontal level

F. And stand up on the heels but can stand up on her toes with difficulty.

G. Preservation of muscle bulk in upper arms and thighs.
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not changed (Figure 2 h-k). MRI T1W images (at the age 72) showed 
a severe involvement of the anterior compartment of the lower leg 
muscles and semimembranosus and adductor magnus with sparing 
quadriceps, except the rectus femoris, and with sparing of the 
peroneus longus and deep posterior compartment of the lower leg 
muscles (Figure 2 l-m ). 

Thus, in this patient the severe scapuloperoneal phenotype with 
very slight weakness of the right half of the upper lip and the orbital 
part of the orbicularis oculi muscles has persisted in the clinical 
picture for more than 36 years. 

The patient worked as a driver until 60 the pension time and 
continued working after that. At present(December 2005) he (aged 
73) can walk the streets and use public transport. 

The proband’s niece, VI-8 (Table 2) at the first examination, in 
1969 (at the age of 6) was Presymptomatic (Pr) with a Facio(Scapular) 
[F(S)] phenotype with slight weakness of the upper part of orbicularis 

oris muscle on the right side and severe weakness of orbital part of the 
orbicularis oculi muscles (Figure 3 a-b) and asymptomatic atrophy of 
the lower part of trapezius muscles only on the left side. 

On re-examination after 24 years, in 1993 (at the age of 30) she 
had a “pure” asymmetrical FSP phenotype with a severe weakness of 
the orbicularis oris muscle on the right side and a moderate weakness 
of the muscles of scapuloperoneal region (Figure 3 c-e). The strength 
of the abdominal muscles was normal. Her deep reflexes were 
lowered. Sensation was normal. NCV were normal. EMG showed 
myopathic changes.

The patient was re-examined again after 36 years, in January 2005 
(at the age of 42). Her clinical phenotype of the muscle weakness was 
not changed (Figure 3 f-i). MRI T1W images (at the age of 42) showed 
a total/severe involvement of the anterior compartment of the lower 
leg muscles, hamstrings and adductor longus with sparing of the 

Figure 2 A-C: Observation 8, family 2, proband’s brother, aged 36, DFS 
27/24 kb.

A. Minimal atrophy of the upper lip on the right side.

B. The scapulae sharp displacement outwards and forwards, winging of the 
scapulae.

C. Inability to stand up on the heels is more clearly seen the left side.

Figure 1 H-I: The same patient as in Figure 1A-G aged 71. 
H. CT of the  thigh muscles. Description thigh muscle. 

I.  CT of the lower leg muscles. Description of lower leg muscles.

Figure 2 D-G: The same patient as in Figure 2 A-C aged 60. Re-examination 
after 24 years.

D. Asymmetry of the lips when puckering them to whistle.

E. Severe weakness of the trapezius and serratus anterior muscles; slight 
atrophy of the triceps bracnii muscles without decreasing of their strength.

F. Inability to stand up on the heels is more clearly seen on the left side.

G. The patient can stand up on his toes; preservation of muscle bulk in 
thighs.

Figure 2 L-M: The same patient as in Figure 2 A-K, aged 73.  

L. MRI of thigh muscles. Description thigh muscle. 

M. MRI of lower leg   muscles. Description of lower leg muscles.

Figure 3 A-B: Observation 11, family 2, the proband’s niece aged 6, DFS 
27/24 kb.

A. Very slight weakness of orbicularis oris on the right side; asymmetry of 
the lips when puckering them to whistle.

B. Severe weakness of the orbital parts of the orbicularis oculi muscles; on 
attempting to screw up the eyes, the eyelids are not fully concealed in the 
depths of the eyelids.

Figure 2 H-K: The same patient as in Figure 2A-G, aged 73. Re-examination 
after 37 years.

H. Slight atrophy of the upper lip on the right side.

I. The patient cannot abduct arms to horizontal level.

J. And stand up on his heels.

K. But can stand up on his toes.
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quadriceps, except for the rectus femoris on the right side, and with 
sparing peroneus longus and deep posterior compartment of lower 
leg muscles (Figure 3 j-k). On re-examination in June 2016, after 47 
years (at the age of 55) this patient had an extremely asymmetrical 
facio-scapulo-peroneal-femoro (left posterior thigh muscles) - gluteal 
(gluteus maximus muscles) phenotype more expressed on the left 
side. She had a moderate weakness of abdominal and severe weakness 
of the gluteus maximus muscles, but posterior thight muscles had a 
moderate weakness (grade 3+) on left side only. She had a moderate 
lumbar lordosis. The upper arm muscles as well as gluteus medius, 
iliopsoas, quadriceps and right posterior thight muscles strength were 
spared. Deep reflexes were extremely lowered. She could not stand up 
on her heels and could stand up on her toes with difficulty.

Thus, in this patient the scapuloperoneal phenotype with severe 
weakness of the right half of the orbicularis oris and a lesser degree 
of the orbital part of the orbicularis oculi muscles has persisted in 
the clinical picture for more than 12 years. The patient works as an 
engineer, walks the streets and uses a public transport (Table 2).

Family 8, DFS 23/20 kb. The proband II-13 (Table 2) a man, aged 
88, has had a “sunken” chest and a round-shoulder with scapulae 
receding from the chest since childhood.

At the first examination in 1969 in patient, aged 60, a “pure” and 
a severe scapuloperoneal phenotype with a slight weakness of the 
orbicularis oculi (orbital part) muscles was found (Figure 4 a-d). 

On re-examination after 25 and 27 years, in 1994/96 (at the age of 
86 and 88) the patient had the same final FSPFG(H) phenotype with a 
severe affection of the orbicularis oculi (orbital part), scapuloperoneal 

region and abdominal muscles and moderate weakness (grade 3+) 
posterior of thigh and gluteus maxinus muscles and a slight weakness 
(grade 4) of the biceps brachii muscle only on the left side. The gluteus 
medius, iliopsoas and quadriceps muscles strength was spared. He 
could rise from his bed and chair without assistance, could not stand 
up on his heels and could stand up on his toes with difficulty. His deep 
reflexes were extremely lowered on the arms and legs. Serum CK was 
72 IU (normal to 190 IU). NCV were normal. EMG showed myogenic 
changes. CT (at the age of 88) showed (the) a selective affection of 
some thigh and lower leg muscles (Figure 4 e-f). 

Thus, in this patient the severe scapuloperoneal phenotype with 
slight weakness of the orbital part of orbicularis oculi muscles had 
predominated in the clinical picture for a very long period of time 
and then gradually was switched to the final FSPFG(H) phenotype 
with severe weakness of the orbital part of orbicularis oculi muscles.

The patient worked as a sales manager until 60 retirement and 
continued working after that. At the age of 88 he did not use a 
wheelchair and could walk the streets with the aid of stick only at 
short distances. He died at the age of 88 from an acute ischemic stroke. 

The proband’s daughter, III-25 (Table 2), aged 72, at the first 
examination in 1969 at the age of 28 and on re-examination after 27 
and 44 years (in 1996 and 2013), at the age of 55 and 72 respectively) 
had the same pure (F)SP phenotype with a minimal weakness of the 
orbicularis oculi (the orbital part) muscles and with asymptomatic 
slight weakness of the lower parts of trapezius and tibialis anterior 
and moderate weakness of the extensor digitorum longus muscles 
more clear on the right side. The patient did not spot her motor 
disturbances and supposed that she was healthy (Figure 5 a-b).

Figure 3 F-I: The same patient as in Figure 3 A-E, aged 42. Re-examination 
after 36 years. 

F. The patient cannot pucker lips to whistle.

G. Abduct arms to vertical level. 

H. and stand up on her heels.

I. but can stand up on her toes.

Figure 3 C-E: The same patient as in Figure 3 A-B, aged 30. Re-examination 
after 24 years. 

C. Severe weakness and atrophy of the upper part of orbicularis oris muscle 
on the right side. 

D. In abduction of the arms the scapulae recede from the chest, which is 
more clearly seen on the left side.

E. Inability to stand up on the heels is seen more clearly on the left side.

Figure 3 J-K: The same patient as in Figure 3 C-I, aged 42.

J. MRI of  thigh muscles. Description thigh muscle. 

K. MRI of lower leg muscles. Description of lower leg muscles.

Figure 4 A-D: Observation 32, family 8, the proband aged 60, p13E11 
EcoRI/BlnI DFS 23/30 kb.  Protuberance of anterior surface of medial half 
of the left clavicle and local hollow on the anterior surface of the chest are 
due to severe atrophy of the left pectoralis major muscle, especially of its 
sternocostal part and partly clavicular one; displacement of the shoulder 
girdle downwards and forwards is due to severe weakness of the muscles 
fixing the scapulae; preservation of muscle bulk in upper arms 

A. The patient cannot abduct his arms to horizontal level 

B. And stand up on the heels 

C. But can stand up on the toes.

D. Preservation of muscle bulk in thighs.
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The proband’s granddaughter, VI-17 (Table 2), on the first 
examination in 1969 (at the age of 5.5) was presymptomatic with 
facio(scapular) [F(S)] phenotype with severe weakness of the orbital 
part of orbicularis oculi and very slight weakness of orbicularis oris 
muscles (Figure 6 a-b).

On re-examination after 24 years, in 1993 (at the age of 29) her F(S) 
phenotype switched to the pure FSP phenotype with severe weakness 
and atrophy of some facial, shoulder girdle and peroneal group 
muscles with a course stepping gait (Figure 6 c-e). The abdominal 
muscles were spared. Her deep reflexes and sensation were intact. 
Serum CK was 117 IU (normal to 190 IU). A biopsy specimen of her 
tibial anterior muscle showed myopathic changes. NCV were normal 
on both sides. EMG showed myogenic changes. A CT study (at the 
age of 31) revealed the selective fatty replacement of some lower legs 
and thighs muscles (Figure 6 f-g).

On re-examination of this patient after 27 years, in 1996 (at the 
age of 33) her clinical phenotype was the same as at the age of 29. 

The patient was re-examined again after 35 years, in December 
2004 (at the age of 41). Her FSP phenotype of muscle weakness 
switched to a facio-scapulo-peroneo-(femoral) one [FSP(F)]: the 
posterior group of thigh and abdominal muscles were slightly 
weakened (grade 4) (Figure 6 h-k). MRI T1W images (at the age of 41) 
showed a total/severe involvement of the anterior and the superficial 
posterior compartments of the lower leg muscles and hamstrings 
with sparing of the quadriceps, peroneus longus and deep posterior 
compartment of lower leg muscles (Figure 6 l-m).

Thus, in this patient the scapuloperoneal phenotype with severe 
weakness of the some facial muscles had persisted in the clinical 
picture for about 12 years and then passed into FSP(F) phenotype. 
The patient works as a software specialist, walks the streets and uses 
public transport.

 In all the other members with the developed stage of the 
disease from the other 19 families the same gradual transformation 
of the initial FSP or (F)SP phenotypes to the final ones [FSPFG or 
FSPFG(H)] or (F)SPFG(H) or rarely in FSPFGH and FSPHFG] was 
observed. However it should be emphasized that in patients who had 
a final phenotype the muscles fixing the scapulae (especially trapezius 
and serratus anterior) and the peroneal group (especially tibialis 
anterior, extensor digitorum longus and extensor hallucis longus) 
were more severely affected than the posterior group of thigh and 
gluteus maximus muscles. In these patients the scapulo-peroneal 
topography of the muscle weakness predominated in the clinical 
picture throughout almost all their lifetime. 

In all the patients who had the final FSPFG or FSPFG(H) 
phenotypes the abdominal muscles were severely affected. However, 
in these patients the abdominal muscles were involved in a dystrophic 
process, usually followed by the appearance of the weakness of the 
individual lower limb (anterior tibial, posterior group of thigh) and 

Figure 5 A-B: The proband’s daughter, III-2, aged 28 (A) and 72 (B) years 
old. Asymptomatic slight weakness of the  tibialis anterior and moderate 
weakness of extensor digitorum longus and extensor digitorum brevis 
muscles on both sides are more clearly seen on the right side.

Figure 4 E-F: The same patient as in Figure 4 A-D at the age of 88.              
Re-examination after 28 years.

E.  CT of the  thigh muscles. Description thigh muscle. 

F.  CT of the lower leg muscles. Description of lower leg muscles.
Figure 6 A-B: Observation 33, family 8, proband’s granddaughter, aged 
5.5, DFS 23/20 kb. No function of the orbital parts of the orbicularis oculi 
muscles; on attempting to crew up the eyes, eyelids only touch; there are no 
radial wrinkles in the external angles of the orbits, and the corrugator and 
procerus muscles do not contract.

A. Crying-like face is the sign of the weakness of the orbicularis oris muscle.

B. Slight atrophy of the middle and lower parts of trapezius muscles.

Figure 6 C-E: The same patient as in Figure 6 a-b aged 29. Re-examination 
after 24 years.

A. Inability to pucker lips to whistle; protuberance of the sternum and 
cartilages of ribs due to severe atrophy of the sternocostal portions of 
pectoralis major muscles on both sides.

B. severe involvement of trapezius muscle, the middle and lower parts;  
displacement of the scapulae upwards and approximation of their lower 
angles to the vertebral column due to the contraction of levator anguli 
scapulae and the remnants of rhomboid muscles.

C. Inability to stand up on the heels; the peroneal  group muscles almost do 
not function on both sides.
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Figure 6 H-K: The same patient as in Figure 6 a-e aged 41. Re-examination 
after 36 years.

H. The patient cannot pucker lips to whistle.

I. Abduct arms to vertical level. 

J. And stand up on her heels.

K. But can stand up on her toes.

Figure 6 F-G: The same patient as a Figure 6 a-e at the age of 31.

F. CT of the  thigh muscles. Description thigh muscle. 

G. CT of the lower leg muscles. Description of lower leg muscles.

pelvic girdle (gluteus maximus) muscles; or the abdominal muscles 
were affected simultaneously with the involvement of the posterior 
group of thigh and gluteus maximus muscles. The gastrocnemius 
muscles were clinically involved (the patient could stand up on the 
toes with difficulty) in six patients with final phenotypes and in one 
patient with a FSPF phenotype only at the late stage of the disease.

Thus, in 21 Russian AD FSLD2 families with the same or different 
DFS ranging between 13-35 kb (double digestion) a great similarity 
of clinical manifestations among the members of the family was 
noted (Table 1). The same muscles and muscle groups were affected. 
Clinical variability of phenotypes, differing by the degree and 
frequency of affection of the same muscles, reflecting various stages 
of the disease and different expressivity of mutant gene, was always 
within the limits of the identical final FSPFG or FSPFG(H) phenotype                             
(Table 1). The disease began with the initial involvement of the face 
and shoulder girdle muscles and sometime later of the peroneal group 
(anterior tibial) muscles. However, in most patients the process was 
not limited to those anatomical regions and was gradually extended 
to the thighs (posterior group of the muscles, namely), pelvic girdle 
(namely, gluteus maximus) and not always to upper arm (biceps 
brachii). Although the FSP or (F)SP phenotypes in some patients of 
the family could predominate in the clinical picture for many years 
we did not encounter the families in which the clinical picture was 
presented as a “pure” FSP phenotype in all the patients throughout 
their lifetime (Table 1). 

The muscle CT and MRI in observed patients more frequently 
showed severe involvement of anterior compartment of lower leg 
muscles (tibialis anterior, extensor digitorum longus and extensor 
hallucis longus), posterior thigh muscles (semimembranosus, long 
head of biceps femoris and semitendinosus), rectus femoris and later 
of adductors of thighs and gastrocnemius (medial heads) and in a 
less degree of soleus with sparing of the peroneus longus and deep 
posterior compartment of the lower leg, quadriceps, gracilis and 
sartorius muscles.

The radiological muscle pattern does not fully correlate with 
the clinical pattern of the muscle weakness. In patients with a FSP 
phenotype the posterior of thigh and quadriceps muscles clinically 
had a normal strength although the total/severe involvement of some 
hamstrings and rectus femoris was revealed during the MRI and CT 
study. Also there was no full correlation between the muscle strength 
and the MRI and CT findings for the hamstrings, gastrocnemius and 
soleus muscles in some patients with final phenotypes. Asymmetry of 
the degree of affection in the same muscles on the right and left sides 
was evident.

Thus, our clinical, CT and MRI studies show that in the observed 
patients there are widespread involvements of the lower limb muscles. 
In this context, the inaccuracy of the term “facio-scapulo-humeral” 
or “facio-scapulo-peroneal” muscular dystrophy becomes evident. 
The name “facio-scapulo-limb muscular dystrophy, type 2 (FSLD2), 
descending with a “jump” with initial FSP or (F)SP phenotypes with 
4q35 deletion, autosomal dominant” would be more correct (22)).

The clinical peculiarities of FSLD2 are as follows: 

1.  Onset of the disease in childhood or in youth with a slight 
asymmetrical weakness or atrophy of some portions of separate 
(orbicularis oris ofter) mimic muscles or with affection of 
individual mimic and shoulder girdle (posture abnormalities) 
muscles, simultaneously.

2.  “Jumping” of muscle affections from the face, shoulder girdle to 
peroneal group (anterior tibial) of shins in the initial phase of the 
disease.

3.  Presence of the FSP phenotype with a slight affection of the 
isolated mimic muscles (orbicularis oris or orbicularis oculi) or 
their parts for a long period of time.

4.  Preservation of an upper arm (biceps brachii) muscle strength for 
a long period of time and involvement of these muscles in the 
dystrophic process, usually asymmetrical and to a slight degree, 
after appearance of the weakness of the individual lower limb 
(anterior tibial, posterior group of thigh) and the pelvic girdle 
(gluteus maximus) muscles and rarely - after a severe weakness of 
the peroneal group muscles.

 5.  Absence of the “pure” FSH and SH phenotypes of the muscle 
weakness.

6.  Preservation of muscle strength during a very long period of 
erector spinae and absence of specific lumbar lordosis due to 
the weakness of these muscles, gluteus medius and absence of 
specific waddling gait due to the weakness of these muscles, and 
quadriceps femoris and absence of tendency to fall due to the 
weakness of these muscles.

Figure 6 L-M: The same patient as a Figure 6 a-k at the age of 41.

L. MRI of  thigh muscles. Description thigh muscle. 

M. MRI of lower leg muscles. Description of lower leg muscles.
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7.  Mild course of the disease: the patients can walk almost all their 
life.

Discussion
We would like point out that some authors [13,23-27] who 

studied the Scapuloperoneal Dystrophy (SPD) or the Myogenic 
Scapuloperoneal Syndrome (MSPS) described sporadic cases usually 
at a certain stage of the disease without reexamination of these 
patients after many years in future. It is quite possible that among 
these patients the facial, posterior group of thigh and gluteus maximus 
muscles affection might appear later. Thus we suppose that these 
“sporadic” cases may correspond to the early stage in the development 
of FSLD2 assigned to 4q35 as well as other hereditary and sporadic 
SPD and MSPS patients in who the marked (or minimal) affection 
of mimic muscles was described (4,11,28 - 32). In some described 
patients the dystrophic process started in the foot extensors (3,4,11, 
13), which is extremely unusual for FSLD2. However, on examination 
of some of these patients an asymptomatic weakness and atrophy of 
some shoulder girdle and facial muscles were found. We would like 
point out that some of our patients also supposed that the weakness 
of extensors of feet was the first symptom of the disease. However, 
our study shows that in FSLD2 patients an abnormal facial expression 
and posture of shoulder girdle may occur much earlier than the motor 
disorders perceptible by the patient [15,19,33].

We examined clinically and genetically the homogeneous group 
of the patients with FSLD2 connected with 4q35 chromosomal 
deletion ranging between 13-35 kb (double digestion). However, the 
classical FSHD (or FSLD1, gradually descending type with initial FSH 
phenotype– author’s opinion) is associated as well with the 4q35-
linked EcoRI fragment detected by p13E-11 which is usually shorter 
than 35 kb [2] or equal 38 kb or shorter [34]. Apparently, the 4q35 
deletion is associated not only with classical FSHD (or FSLD1) but 
also with a FSLD2 as well as with other clinical presentations of FSHD 
[35-39]. Recently two homozygous patients of FSHD, who were no 
more severely affected than the heterozygous members of the family, 
have been described [40,41] and 20% individuals related to FSHD 
patients with 4q35 small chromosomal deletion remain asymptomatic 
or are minimally affected [40] and no clinical symptoms were seen in 
52% parents who carried a small EcoRI fragment [42]. Similarly a pair 
of monozygous twins affected by FSHD who showed great variability 
in the clinical expression of the disease [43] and a pair of monozygous 
twins who were discordant for FSHD [44] was published. That is 
why the detected DFS cannot serve as a guideline for differentiation 
of FSLD2 from classical FSHD (or FSLD1) which we reported and 
published earlier [19].

 It is possible that classical FSHD (or FSLD1-author’s note) and 
classical SPD (or FSLD2-author’s note) are the disorders resulted 
from the mutations in gene products that are encoded on different 
chromosomes [9,10]. However, an opinion exists that unrelated 
patients carrying the same mutation may show a discordant 
phenotype [45,46]. For example, mutations in the desmin, lamin A/C, 
caveolin-3, dysferlin and titin genes, respectively are known to cause 
several distinct phenotypes [45-50]. It is quite possible that classical 
FSHD (or FSLD1- author’s note) and classical SPD (or FSLD2- 
author’s note) are allelic diseases [51,52]. However, it should not 

be ruled out that actually FSLD1 and FSLD2 are connected with the 
action of the same basic gene but different phenotypes may be due to 
an epigenic disease mechanisms changing familial gene pool [53,54].

The scapuloperoneal pattern of the muscle involvement with 
or without affection of the facial muscles occurs in a different of 
hereditary muscle diseases [48,55-57] (myopathies with acid maltase 
deficiency, with raged red fibres and cardiomyopathy, with hyaline 
bodies, myofibrillar or desmin storage myopathy, centronuclear 
and nemaline myopathies) but these myopathies are not a (F)
SP or FSP muscular dystrophy which differs greatly from them by 
characteristic static and dynamic pattern of muscle involvement and 
by chromosome 4q35 linked.

Conclusion
The data show that autosomal dominant FSLD2 (the same disease 

as a FSHD1) is a very special type of a muscular dystrophy with “hard” 
static and dynamic pattern of muscle weakness, with a mild course of 
the disease and a slight/severe and usually asymmetrical affection of 
the isolated facial muscles or their parts. 

The FSLD2 (or FSHD1) begins from the face and shoulder girdle 
muscles weakness with subsequent involvement of the peroneal 
group (anterior tibial) muscles at the early stage. The muscles of the 
thigh (namely, posterior group) and pelvic girdle (namely, gluteus 
maximus) are involved much later and to a comparatively lesser 
degree than the muscles of the scapulo-peroneal region.

The scapuloperoneal phenotype with a slight affection of the 
isolated facial musles which would be more correct to refer to as the 
(F)SP or the FSP phenotype) predominates in the clinical picture 
during many years and all these phenotypes constitute merely a stage 
in the development of FSLD2 (or FSHD1). 

The biceps brachii muscle strength is preserved for a long period 
of time and the muscle is being involved in a dystrophic process, 
usually asymmetrical and to a slight degree, after appearance of the 
weakness of the individual lower limb (anterior tibial, posterior group 
of thigh) and pelvic girdle (gluteus maximus) muscles and rarely-after 
severe weakness of the peroneal group muscles.

In the early stage of FSLD2 (FSHD1) there is a peculiar clinical 
pattern of muscle affection including the upper part of orbicularis 
oris, lower part of trapezius and serratus anterior, sternal part of 
pectoralis major, latissimus dorsi, brachioradialis and tibialis anterior 
and preservation of iliopsoas, and especially of biceps and triceps 
brachii, quadriceps femoris, gluteus medius and gastrocnemius 
muscle strength (for a very long duration).

The probe p13E-11 can be used for detecting DFS between 13-35 
kb (double digestion) for FSLD2 which are assigned to chromosome 
4q35. FSLD2 (or FSHD1), descending type with a “jump, with 
initial FSP or (F)SP phenotypes is probably an independent form of 
muscular dystrophy which differs from classical FSHD (or FSLD1, 
gradually descending with initial FSH phenotype). It is quite possible 
that FSLD1 and FSLD2 (or FSHD1) are connected with the same gene 
mutation but they are presented by different phenotypes due to the 
action of different modifier genes. However, we can assume as well 
that FSLD1 is connected with some other basic gene than FSLD2 (or 
FSHD1) and that it is not linked with the chromosome 4q35.
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