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Genetic counselling in facioscapulohumeral
muscular dystrophy

P W Lunt, P S Harper

Abstract
Clinical data are presented from a survey of41
families with dominantly inherited faciosca-
pulohumeral muscular dystrophy (FSHD) in
which over 500 family members were ex-
amined, including 168 affected subjects. New
mutation could account for six isolated cases.
Results suggest that 33% of heterozygotes over
40 years are mildly affected and a majority
develop significant lower limb weakness; 19%
over 40 years require wheelchairs. Presymp-
tomatic testing of serum creatine kinase level
(CK) is limited as a raised level occurs in only
80% of affected males under 40 years and 48%
of affected women. Distribution of weakness,
severity, age at onset, and CK varied between
subjects, but provided no clinical evidence for
genetic heterogeneity in a comparison
between the 11 largest families. The conclu-
sion of genetic homogeneity in FSHD, includ-
ing subjects previously diagnosed as FSH type
spinal muscular atrophy, is strongly sup-
ported by recent genetic linkage data.

Facioscapulohumeral muscular dystrophy (FSHD)
is a dominantly inherited condition with a variable
age of onset and wide range of clinical expression.'
Although there are descriptions by Duchenne2 of
patients conforming to a diagnosis of FSHD, first
recognition and full description of FSHD as a gen-
etic entity was by Landouzy and Dejerine,3 who
reported two families with onset in childhood of
facial weakness progressing to shoulder girdle weak-
ness in teenage and lower limb weakness later in life.
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The facial weakness characteristically involves the
periorbital and perioral muscles, often asymmetric-
ally, and is best demonstrated on attempting to puff
out the cheeks or whistle. Periorbital weakness is
recognised by weakness of eye closure, which if
minimal, shows as inability to bury the eyelashes.4
Despite earlier onset facial weakness, symptomatic
onset is usually in teenage with shoulder girdle
weakness, which is often initially unilateral,
predominantly right sided, and may correlate with
handedness.'7 Periscapular wasting and weakness
resulting in scapular winging and inability to abduct
the arm above the horizontal may be evident. Wast-
ing and weakness of upper arm muscles often de-
velops; distal progression leads to eventual weakness
of wrist and finger extensors.'
While for some subjects muscle weakness remains

restricted to a facioscapulohumeral distribution, in
many others truncal, pelvic girdle, and lower limb
muscles are also involved. The anterior tibial and
peroneal muscles are often affected before more
proximal ones, leading to the typical 'steppage' gait
of this 'facioscapuloperoneal' presentation. Alter-
natively, lower limb weakness may develop in a
descending order involving proximal before distal
muscles. These two alternative presentations have
previously been interpreted by some authors8 as
indicative of genetic heterogeneity; others have
found both presentations in single kindreds.6 Trun-
cal weakness may produce marked lumbar lordosis.
Progression of weakness in those affected severely
leads to proximal and distal weakness in both upper
and lower limbs with requirement for a wheelchair.'
The extraocular and bulbar musculature are spared
specifically.6

In seeking genetic counselling family members are
concerned about the following: (1) risk of disability
in their offspring, (2) own risk of disability, (3)
appropriateness of exercise or other treatments, (4)
prevalence of the disorder, (5) possibilities for pre-
dictive and prenatal testing.

HOMOGENEITY OR HETEROGENEITY
Reliable answers to these questions require study of
possible genetic heterogeneity in FSHD, particu-
larly regarding evidence for recessive inheritance
and for separate genetic subgroups identifiable from
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clinical, electromyographic, histopathological, or,

now, molecular genetic criteria. Recessive inherit-
ance in facioscapulohumeral syndrome has been
proposed for some families, especially with infantile
onset.910 In many of these families minor signs of
muscle weakness have been noted in one parent or in
other members from previous generations.9-1" In
other cases the presence of ptosis, which is not a

feature of FSHD, suggests that an alternative dia-
gnosis should be sought.'2
Muscle histology in FSHD often shows a relat-

ively normal appearance, or shows some increase in
fibre size variation, occasional internalisation ofnuc-
lei, and inflammatory response indicative of a myo-

pathy. Small angular fibres, which can be a feature
of neurogenic conditions, are characteristic in
FSHD.4 There are several reports of patients with
FSH type spinal muscular atrophy'315; clinical pre-

sentation seems to be indistinguishable from that of
FSHD, raising doubt about whether the two con-

ditions are separate genetic entities.6

RISK OF DISABILITY IN OFFSPRING AND IN KNOWN
HETEROZYGOTES
In a study of 107 subjects of all ages with FSHD,
Padberg found that six patients (6%) were unable to
walk, and an additional four patients (9% in total)
required the use of a wheelchair when outside their
homes. Severity correlated with increasing age; nine
of 10 subjects requiring wheelchairs were aged 50
years or over, constituting 21% of the patients in
this age group. Padberg6 emphasised the high pro-

portion (30%) of affected subjects who are presymp-
tomatic 'abortive' cases, unaware of their own affec-
ted status. Minor clinical signs can be excluded in a

subject at risk of FSHD only following specific
clinical examination.

In any assessment of disability risk, in order to
avoid ascertainment bias and to allow for possible
non-penetrance, data for severity distribution in
affected cases remaining at 50% risk after ascertain-
ment of at risk status should be combined with
estimates for age dependent penetrance.'6

TREATMENTS/EXERCISE
As in other types of muscular dystrophy, there are

no specific cures or treatments available, and the
optimum level of exercise is unknown. Surgical
treatment by scapular fixation'7 has been very suc-

cessful in some cases (G Padberg, personal
communication).

PREVALENCE
Previous estimates of prevalence have varied widely
from 1 per 435 000 in Wisconsin, USA,'8 to between

1 per 17 0005 and 1 per 250 0009 in European
populations.6 The highest estimates of prevalence
for FSHD are those obtained by Becker5 and Pad-
berg6 (who estimated prevalence in northern Hol-
land as 1 per 21 000). Both are based on careful
family studies, suggesting that the lower estimates
from other studies could reflect underascertainment
of mildly affected cases.

PREDICTIVE TESTING
The moderate rise of serum creatine kinase (CK)
seen in many FSHD patients,20 and the reported
association of FSHD with retinal vascular abnor-
malities2122 or with hearing loss,2223 raise the possib-
ility of preclinical detection of heterozygotes.

THIS STUDY
Presented here, in order to provide data for genetic
counselling, are the clinical results from a study of
168 patients with FSHD from 41 families ascer-
tained primarily for a gene mapping study. We have
addressed the issues ofheterogeneity, risk of disabil-
ity, and asymmetry, and, in relation to presympto-
matic testing, have studied serum CK, but not
possible retinal or hearing abnormalities.

MOLECULAR GENETIC STUDIES
The recent assignment of the gene for FSHD to
chromosome 424 undoubtedly will soon help to clar-
ify some of these counselling issues. Initial results
find no evidence for locus heterogeneity in FSHD,25
suggest that at least in some families diagnosed as
FSH type spinal muscular atrophy the same genetic
locus is involved,25 and question the specificity of
previously reported retinal vascular changes.2126

Material and methods
Each family was ascertained through an index case
in whom a diagnosis of FSH muscular dystrophy
was supported by myopathic EMG or dystrophic
changes on muscle biopsy. The study included
families of all 24 cases ofFSHD known previously to
the Departments of Genetics or Neurology at the
University Hospital ofWales, eight families referred
to us for participation in a genetic linkage study, and
nine families willing to participate after contact
through the Muscular Dystrophy Group of Great
Britain. Facial weakness was required to be present
in at least one member from each kindred and three
small families were excluded on this account. Three
families are included (families 025, 034, and 067) in
which diagnoses of FSH muscular dystrophy and
FSH type spinal muscular atrophy had been made in
different members investigated in different centres.

656

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.28.10.655 on 1 O
ctober 1991. D

ow
nloaded from

 

http://jmg.bmj.com/


Genetic counselling in facioscapulohumeral muscular dystrophy

Home visits were made to as many family mem-
bers as possible; all affected and at risk subjects were
examined, usually in their own homes. Blood was

taken for DNA extraction for use in genetic linkage
studies, and for creatine kinase (CK) assay from
affected and at risk subjects as appropriate.

Individual muscle strength was graded for each
affected subject according to the MRC scale27; the
distribution of muscles with strength MRC grade
4- or less (or of any muscle weakness in less
affected subjects) was charted. Subjects were classi-
fied as 'mildly', 'moderately', or 'severely' affected
from the MRC grading of limb girdle and other
proximal musculature as follows. Mild. No proximal
muscle (limb girdles, upper arm, thigh, and calf
muscles) weaker than MRC grade 4 (facial, truncal,
and peroneal/anterior tibial muscles excluded).
Moderate. One or more proximal muscles at MRC
grade 4- or weaker; ambulation maintained.
Severe. Pelvic girdle or proximal lower limb muscle
at or below MRC grade 2; wheelchair required.

Empirical combinations of 'hard' and 'soft' signs
based on MRC graded muscle strengths and serum
CK level were used to score clinical status in sub-
jects with minimal or equivocal clinical signs.'6
Reported age at onset was recorded from subjects'
recall of symptoms, or, in presymptomatic 'abortive'
cases, from age at first recognition of clinical signs.

Results
INHERITANCE
Over 500 subjects from 41 families with FSHD were
studied; 168 subjects were affected, 22 subjects over
the age of 15 were scored as equivocal and excluded
from further analysis, and approximately 330
appeared to be unaffected. Dominant inheritance
could be proven in 28 families; in 17 of these at least
four affected subjects were examined. There was no
good evidence for recessive inheritance in the
remaining families. In particular, there was no par-
ental consanguinity in six isolated cases for whom

both parents were unaffected on examination, nor in
a further three cases where parental examination was
not possible. Although the six isolated cases on
average were younger and less severely affected than
28 other probands with FSHD from families with
proven dominant inheritance (table 1), the dif-
ference, which could be expected with ascertain-
ment of cases of new mutation for a dominant gene,
was not significant, and provides no evidence to
suggest that isolated cases have a different condition.
Paternal age at the birth of the six proven isolated
cases ranged from 22 to 42 years (mean 31-0 years);
maternal age was 17 to 35 years (mean 25 8) years).
An example of probable new mutation for domin-
antly inherited FSHD occurred in one family (FSH
062) where both parents of an affected woman were
unaffected, although she had several affected chil-
dren. The woman's parents were aged 21 and 20
years at her birth. There were two families with
affected, but apparently isolated, sibs; the parents of
one sibship (FSH 058) both showed equivocal signs
and neither could be scored as affected; the father of
the other sibship (FSH 080) was dead.

PREVALENCE
Prevalence was estimated from cases resident in
Wales on 1.7.86, using population figures for 1984.28
There were 56 cases ascertained from Wales (popu-
lation 2-8 million), suggesting a minimum preval-
ence of 2-0/100 000. Within Cardiff (population 0-28
million) there were 12 cases (local prevalence 4-3/
100 000) and from the rest of Glamorgan (popula-
tion 1-01 million) there were 22 cases (prevalence
2-2/100 000). A further 15 young children resident
in Wales were at close to 50% risk, suggesting a
minimum birth incidence of 1/44 000.

RISK OF DISABILITY
Genetic counselling in FSHD requires reliable data
for age dependent penetrance. Estimates of pene-
trance were obtained from this study, as discussed in

Table I Comparison of isolated cases (both parents examined) with other probands (from families with proven dominant
inheritance).

Average CK
(IU/i)

Sex ratio Average Average (M 0-195) Weakness
M:F age onset age Severity (F 0-175) distribution*

6 isolated cases 3:3 24y 12y Mild - M 352 FS 1
Mod 67% F 149 FSP 1
Sev 33% FSL 1

FSLP 3
28 probands 12:16 37y 14y Mild 7% M 405 FS 4

Mod 36% F 275 FSP 1
Sev 57% FSL 5

FSLP 18

Difference between average age: t = 063, df 32, p = NS.
* F = facial. S = scapulohumeral. L = proximal lower limb. P = peroneal/anterior tibial.
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detail previously,'6 by cross sectional analysis of
segregation ratio in members of sibships selected for
50% risk of heterozygote status after ascertainment
of at risk status. The results suggested penetrance
values of <5% at 0 to 4 years, 21% at 5 to 9 years,

58% at 10 to 14 years, 86% at 15 to 19 years, and
95% at 20 years and over. There was no detectable
difference in reported age at onset according to the
sex or age at onset of the affected parent.'6
The distribution of severity by age and sex is

shown in table 2 for the same subgroup of 54
affected subjects, selected for minimisation of ascer-

tainment bias. The apparent greater severity in men
(39% mild, 35% moderate, 26% severe) compared
to women (58% mild, 36% moderate, 6% severe)
was not significant (x22= 44, p>01), but severity
did increase significantly with age (x2 = 10-4,
p< 0-05). With sexes combined, 48% of affected
subjects aged 20 to 40 years were mild, 36% moder-
ate, and 16% severe. For those over 40 years, 33%
were mild, 48% moderate, and 19% severe. Severe
cases can occur in childhood; a boy aged 12 years
and two girls aged 15 years who required wheel-
chairs were encountered in the study. Among 133
affected subjects (including probands) from the 17
families in which at least four affected subjects were

examined, significant proximal lower limb weakness
was present in 7/18 (39%) aged < 20 years, in 27/59
(46%) aged 20 to 40 years, and in 38/56 (68%) aged
over 40 years. Table 3 shows the average reported

age of onset in 69 affected subjects now aged over 40
years, according to their current severity grading.
Overall, the greater the eventual severity, the
younger was the reported age at onset, suggesting
that early onset is associated with the greatest chance
of disability in later life. Since 25/26 subjects from
the severe group were aware of symptoms by 21
years of age, at risk subjects remaining asymptoma-
tic by that age can be reassured against developing
severe disability.
Comparison of severity between offspring and

parent in the 17 largest families (table 4) suggests
that this may show a familial tendency (39% of
affected offspring of mildly affected parents were

mild, 43% were moderate, and 18% were severe,

compared to 28% offspring mildly affected, 44%
moderately, and 28% severely from severely affec-
ted parents), but the differences did not reach signi-
ficance (X: = 4-84, p > 0-3). Similarly, although the
offspring of affected women appeared on average to
be more severely affected (23% mild, 49% moder-
ate, 28% severe) than the offspring of affected men
(30% mild, 51% moderate, 19% severe), the dif-
ference was not significant (x2 = 1-37, p> 0 5).

ASYMMETRY
Asymmetry of scapular and upper limb involvement
was evident in 65% of 113 affected subjects. The
right side was preferentially involved in 56/74 (76%)

Table 2 Severity by age and by sex (for family members for whom ascertainment bias is
minimised) ."

Severity (% in each grade)
Total

Age/sex (100%) Mild Moderate Severe

Male
<20 years 3 100 - -

20-40 years 14 36 36 28
>40 years 6 17 50 33

Female
< 20 years 5 100 - -

20-40 years 11 64 36 -

>40 years 15 40 47 13
Sexes combined

<20 years 8 100 - -

20-40 years 25 48 36 16
>40 years 21 33 48 19

Male - all ages 23 9 (39%) 8 (35%) 6 (26%)
Female - all ages 31 18 (58%) 11 (36%) 2 (6%)

Severity on sex: x2= 4-4, p> 0 1. Severity on age: x2= 10-4, p < 0-05.

Table 3 Reported age of onset by severity in affected subjects now aged > 40 years.

No of Mean present Mean reported Range of reported
Severity subjects age (y) age of onset (y) age of onset (y)

Mild 13 57 52 37-70
Moderate 30 55 28 10-71
Severe 26 52 14 5-21

(one case 35)
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Table 4 Severity distribution of offspring (over 20 years) by sex and severity of affected parent (all
families with at least four affected).

Total Severity in affected offspring > 20 years
Sex and severity offspring
of affected parent (100%) Mild (%) Moderate (%) Severe (%)

Male (all grades) 43 30 51 19
Female (all grades) 61 23 49 28
Total 104 26 50 24
Sex combined
Mild 28 39 43 18
Moderate 51 18 57 25
Severe 25 28 44 28

Severity of offspring on severity of parent: X4= 4-84, p> 0-3.
Severity of offspring on sex of parent: X2 = 1-37, p> 0-5.

of those with asymmetry (%2 = 18-5, p = < 0-001), but
a possible correlation with handedness (right side
weaker in 58% of 72 right handers, 25% of eight left
handers; left side weaker in 15% of right handers,
37% of left handers) did not reach significance
(X2=2 00, p= >0-1).

CK AS PREDICTIVE TEST
In order to test the appropriateness of serum creat-
me kinase as a diagnostic indicator, or as a presymp-
tomatic marker, values are shown in table 5 by age,
sex, and severity. Comparison by sex and severity
with values obtained from apparently unaffected
subjects at 25% or 50% pedigree determined risk is
shown in the figure. CK was raised in a higher
proportion of affected males (73%) than affected

Table 5 Serum creatine kinase: proportion with raised
level by age, sex, and severity (all affected).

Total No No (%)
(100%) raised CK

Severity
and age Male Female Male Female

Mild
< 20 years 8 4 7 (87) 2 (50)

20-40 years 8 13 5 (62) 4 (31)
>40 years 4 10 3 (75) 4 (40)

Moderate
<20 years 2 1 1 (50) 1 (100)

20-40 years 15 18 14 (93) 9 (50)
>40 years 11 18 7 (64) 9 (50)

Severe
<20 years 3 1 3 (100) 1 (100)

20-40 years 9 2 6 (67) 2 (100)
>40 years 7 16 3 (43) 4 (25)

Totals 67 83 49 (73) 36 (43)
All grades

<20 years 13 6 11 (85) 4 (67)
20-40 years 32 33 25 (78) 15 (45)
>40 years 22 44 13 (59) 17 (39)

All ages
Mild 20 27 15 (75) 10 (37)
Moderate 28 37 22 (79) 19 (51)
Severe 19 19 12 (63) 7 (37)

Raised CK on sex: x2= 11-5, p= <0-001.
Raised CK on severity: X2= 2 05, p= NS.
Raised CK on age: X2= 7 8, p= < 0-05.

females (43%) (X2= 11-5, p= <0001). This dif-
ference might relate to exercise level, particularly if
males with FSHD exercise more than females (per-
haps in an attempt to build up wasted muscles), or if
exercise releases more CK from dystrophic muscle
in males than in females. Although the highest
values of CK occurred in severely affected males,
there was no overall correlation with severity (table
5). High values were seen in some at risk young adult
males (figure), raising the possibility that some of
these may be presymptomatic. The observed inverse
correlation of raised CK in FSHD with age (table 5)
may lend support to this; however, since for mildly
affected subjects aged 0 to 20 years, 7/8 males (88%)
but only 2/4 females (50%) had raised CK, and for
mildly affected subjects aged over 20 years CK was
raised in only 8/12 men (67%) and 8/23 women
(35%), the use of CK as a presymptomatic test
would seem to be limited.

CLINICAL EVIDENCE FOR HETEROGENEITY
In order to identify any clinical evidence for genetic
heterogeneity, clinical parameters were studied in
the 11 largest families, in each of which at least six
affected subjects had been examined. The distribu-
tion of most significant muscle weakness for each
affected subject is shown in table 6. One apparently
unaffected probable obligate carrier was identified
(family FSH 028; the subject and her children who
scored as affected by the empirical criteria are not
shown on the pedigree in the accompanying paper.26
In only one other subject (from a total of 113) was
there no detectable facial weakness (family FSH
025). In the three largest pedigrees (FSH 001, 009,
067) and in one smaller pedigree (FSH 087) both a
facioscapuloperoneal presentation and initial prox-
imal involvement of the lower limbs had occurred in
different subjects. Comparison was made (table 7)
between the average reported age at onset, average
serum CK, proportion with lower limb involvement,
proportion affected mildly or severely, and propor-
tion with early peroneal involvement (facioscapulo-
peroneal presentation). For each of these parameters
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Males Females
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25% risk 50% risk

Affected At risk
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* 0
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00

*a0 0
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Mild Mod Severe

Affected

* 00

00 0

*0

A O0
* 00

00 0* * *
00.
"a.. r 00
00 .0 00

25% risk 50% risk Mild

High 19% 13% 75% 79% 63%

Normal 81% 87% 25% 21%°o 37%

Distribution of CK values in FSHD.

the 11 families were placed in rank order (table 8),
choosing the polarity of rank to highlight any recog-

nisable differences between the families.
No clear clinical distinction could be made

between the 11 families. The rank order analysis
showed that families FSH 006 and 087 could be used
to define the two ends of a continuous clinical
spectrum, but one which could not be accounted for

5% 8% 37% 51% 37%

95% 92% 63% 49% 63%

by difference in average age at examination (33 years
for FSH 006, 30 years for FSH 087). Family 087 is
typified by early age at onset, proximal lower limb
involvement, and normal CK. Subjects in family
006 tend to be mildly affected, have a late reported
age of onset, and high CK. Neither of these families
was one in which a diagnosis ofFSH-SMA had been
applied to any subjects.

Table 6 Distribution of weakness in the 11 largest families.
Muscle groups involved*

Average
Family Affected age (y) Nil SP F FS FSL FL FSP FP FSLP

012 6 46 - - - 2 1 - - - 3
025 10 43 - 1 1 4 - - 1 - 3
067 16 41 - - 1 3 4 - 3 1 4
009 15 39 - - - 4 1 - 1 - 9
035 12 38 - - - 4 - - 1 - 7
005 7 38 - - - 2 - - - - 5
026 7 36 - - - 6 - - - - 1
001 17 34 - - 1 4 4 1 2 - 5
006 1 1 33 - - 1 6 2 - - - 2
028 6 33 1 - - 3 1 - - - 1
087 7 30 - - - - 2 - 1 - 4

* F= facial. S = scapulohumeral. L = proximal lower limb. P = peroneal/anterior tibial.
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Genetic counselling in facioscapulohumeral musculardystrophy66

Table 7 Clinical parameters for affected subjects in the 11 largest families.

Family (ordered by age at examination)

012 025 067 009 035 005 026 001 006 028 087

Family data
Affected subjects examnined 6 10 15 15 12 7 7 17 11 6 7
Male:female 3:3 3:7 7:8 8:7 5:7 3:4 3:4 7:10 5:6 2:4 5:2
Average age at examnination 46 43 41 39 38 38 36 34 33 33 30

(y)

Onset age
Median reported onset age 20 22 17 15 21 16 20 19 22 15 13

(y)

Severity
% mild
% moderate
% severe

15 50 40 25 15 30 30 30 80 70 15
70 40 35 40 70 40 70 45 10 15 70
15 10 25 35 15 30 - 25 10 15 15

Distribution
% with pelvic or proximal 65 30 55 65 60 70 15 60 35 35 85
lower limb weakness

% definitelyFSP - 20 20 7 8 - - 12 - - 14
presentation

% definitely proximal lower 17 - 27 7 - - - 29 18 17 -

limb weak before peroneal

CK
% normalCK - 60 35 50 50 30 70 10 20 35 55
% moderately raised GK 65 30 40 35 15 55 30 75 40 65 30

(1-2 x normal limit)
% highGCK(>2xnormal 35 10 25 15 35 15 - 15 40 - 15

limit)

Table 8 Rank order of 11 largest families for various parameters.

Family (ordered by age at examination)

012 025 067 009 035 005 026 001 006 028 087

Average current age
(1 = youngest)

Median age onset
(1 = youngest)

11 10 9 8 7 6 5 4 3 2 1

7= 10= 5 2= 9 4 7= 6 10= 2=

Severity
Proportion mild (1= lowest) 2 = 9
Proportion severe S = 9

(1 = highest)

Distribution
Proportion with pelvic or 3 = 10

proximal lower limb
weakness (1 = highest)

Proportion FSP (1=highest) 7 = 1=
Proportion proximal lower 7 = 1=

limnb weak before peroneal
(1 = lowest)

CK
Proportion normnal CK 11 2

(1 = highest)
Proportion high CK >2 x N 9 = 3

(1 = lowest)

Average rank

8 4 2= 5= 5= 7 11 10 1
3 1 5= 2 1 1 4 10 5= 8

7 3= 6 2 11 5 8 9 1

5 7= 7= 4 7= 7= 3
1= 1= 1= 11 9 7= 1=

6= 4 5 8 1 10 9

8 4 9= 5= 1= 7 11

6= 3

1= 5=

6-4 5-6 6-0 3-75 5-25 4-25 5-5 6-75 9-4 5-9 2-9

Discussion is possible from recognition of early onset of charac-
DIAGNOSIS OF FSHD teristic facial weakness, shoulder girdle and upper
Differentiation of facioscapulohumeral disease from limb involvement before pelvic girdle, and, where
other types of muscular dystrophy (limb girdle, other family members can be examined, proven
scapulohumeral, and scapuloperoneal) in most cases dominant inheritance. In this study, in only two of
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113 affected subjects from the 11 largest families was
there no detectable facial weakness; one of these was
an obligate carrier aged 42 years with complete non-
penetrance. In particular, the three small families
referred to us as FSHD, but excluded from the
study because none of the two to three affected
subjects showed facial weakness, provide support
for a dominantly inherited scapulohumeral or scap-
uloperoneal syndrome genetically distinct from
FSHD.

ISOLATED CASES
Isolated cases of conditions normally showing dom-
inant inheritance can be explained by new mutation,
parental non-penetrance, or incorrectly assumed
paternity. In FSHD, only if both parents have been
found by examination to be clear can a case be
accepted as 'isolated'. For the six cases in the present
study there were no clear clinical differences from
other probands. The lack of parental consanguinity
argues against the possibility of recessive inherit-
ance, although this has been noted in one other
isolated case made known to us subsequent to this
study (a boy aged 12 years, now moderately affected,
who had onset with facial weakness in infancy).

HOMOGENEITY OF FSHD
Variation in presentation, distribution of weakness,
and severity has fostered debate about possible gen-
etic locus heterogeneity, particularly through com-
parison of individual subjects or small families."9 In
this study, comparison of clinical parameters in the
11 largest families (each with at least six affected
subjects) indicates that the different modes of pre-
sentation, particularly with respect to pelvic and
peroneal involvement, can be observed in the
various members of large kindreds. Although we
identified the two families which formed the op-
posite ends of a clinical spectrum defined by mean
age at onset, average severity, and serum CK levels,
the spectrum was continuous and the parameters
provided no clinical evidence of significant genetic
heterogeneity between the 11 largest families.
FSH type SMA with a dominant inheritance

pattem was first proposed from reports of single
cases and small families from Japan."3'4 The dia-
gnosis of FSH-SMA in branches of three of the
families in the present study had been made else-
where from interpretation of EMG and muscle
biopsy findings. By analogy to reports of several
males with limb girdle weakness, calf hypertrophy,
and raised CK, previously diagnosed from similar
interpretation as SMA, but in whom the finding of
dystrophin gene deletion established the diagnosis as
Becker muscular dystrophy,'03' we did not feel that

there was sufficient evidence to support the pro-
posed existence of FSH type SMA as a separate
genetic condition.
The consistency of close linkage of the disease

locus to D4S139 in all informative families from our
panel26 helps confirm the conclusion from this clin-
ical study that FSHD is caused by mutations at a
single genetic locus. In particular, this includes the
three families (FSH 025, 034, 067) with branches
diagnosed as FSH-SMA, and the two families (FSH
006, 087) forming the opposite ends of the clinical
spectrum, even though in one of these (FSH 087)
there has been a single recombination event between
D4S139 and FSHD.'6 It remains to be seen whether
families showing dominant inheritance for muscular
dystrophy in limb girdle, scapulohumeral, or scap-
uloperoneal distribution and excluded from this
study show similar genetic linkage.
The genetic homogeneity facilitates the answering

of the questions raised by family members.

PREVALENCE AND INCIDENCE
The estimated birth incidence in Wales of 1/44 000
is undoubtedly an underestimate. No attempt was
made at complete ascertainment of families; the
ascertainment of 4-4 cases/100 000 from Cardiff is
likely to be more appropriate, and is comparable
with previous estimates for prevalence of 1/17 000 in
South Baden, Germany5 or 1/21 000 in northern
Holland.6

DISABILITY
In known affected subjects the risk of disability in
later life can be assessed from the reported age at
onset, together with the distribution and severity of
weakness. Proximal lower limb weakness develops
in the majority of subjects by middle age; occurrence
by the age of 20 years increases the likelihood of
eventual requirement for a wheelchair. The term
'facioscapulohumeral' may not be the most appro-
priate; indeed several subjects with lower limb
weakness expressed considerable resentment that
use of this term had suggested to them that the legs
would remain unaffected. The term 'facioscapulo-
limb muscular dystrophy' should perhaps be con-
sidered as an alternative. For those born at 50% risk
of inheriting FSHD, the likelihood of eventual dis-
ability is determined by the age dependent pen-
etrance and the age related severity distribution.
With penetrance reaching 95% by 20 years'6 this
study suggests that 19% of FSHD heterozygotes
require a wheelchair by 40 years or over and 30%
remain affected only mildly throughout life. Pad-
berg6 suggested that 9% require wheelchairs and
22% above 30 years remain as presymptomatic
'abortive' cases.
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Genetic counselling in facioscapulohumeral muscular dystrophy

ASYMMETRY AND EXERCISE
Results from this study support previous sugges-
tions-7 that asymmetry of weakness, particularly at
presentation in the upper limb and shoulder girdle,
is usual and correlates with handedness. Because it is
possible that the preferential use of one arm may
hasten onset of dystrophy on that side, affected
subjects should avoid overuse of limbs, and, in
particular, the practising of body building exercises,
favoured by many young men with FSHD con-

cerned about their body image, should perhaps be
discouraged.

PRESYMPTOMATIC TESTS
With penetrance estimated at 95% by the age of 20
years, presymptomatic tests in FSHD in addition to
clinical examination are likely to play a rather
limited role. This study suggests that the serum

creatine kinase level in affected subjects reduces
with increasing age, but shows little or no correla-
tion with severity. Raised levels in only 12/16 men
and 6/17 women aged under 40 years and affected
mildly suggests that the role ofCK in presymptom-
atic testing should be to select those at risk subjects
in whom further investigation is warranted. Further
investigation might include EMG, muscle biopsy,
muscle imaging techniques, audiography, and ret-
inal fluorescein angiography, but the sensitivity and
specificity of these as presymptomatic tests for
FSHD is not known. Application of the close link-
age of D4S139 to FSHD illustrates26 in some sub-
jects from this study (families 005 and 006) that the
DNA linkage results concord better with the scoring
of affected or unaffected status from clinical criteria
than from the interpretation21 of fluorescein angio-
grams.

GENETIC LINKAGE
The close linkage of D4S139 to FSHD now makes
possible presymptomatic prediction and prenatal
diagnosis in FSHD. By further analysis of these and
other families it is hoped that the role of serum

creatine kinase and retinal fluorescein angiography
in presymptomatic testing, the reliability of the
empirical method of scoring for affected status, and
the possibility that other forms of muscular dys-
trophy could be caused by mutations at the FSHD
locus can be assessed. The prospect of identifying
the FSHD gene product from pursuit of physical
methods for isolation and characterisation of the
FSHD gene now provides a target for further
research.
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