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Abstract. We have investigated 67 patients with proven
Becker muscular dystrophy (BMD) using a standard
- protocol including a detailed history and a functional
and clinical examination. Our aim was to define the

natural history of the disease in a large cohort of patients

in the light of the diagnostic methods now available. In
all patients with or without an X-linked family history,
the diagnosis was confirmed by the identification of a
deletion or other abnormality in the dystrophin gene,
and abnormal dystrophin on immunoblotting and im-
munocytochemistry of muscle biopsy samples. In graphs
of functional and muscle score against age, two groups of
patients emerged. In the larger group the disease was
milder and patients remained ambulant into their forties
or beyond. A smaller group had more severe disease
with a slightly earlier onset, much earlier loss of ambula-
tion, more frequent abnormal electrocardiographic find-
ings and much lower reproductive fitness. The relation-
ship of these clinical findings to the genetic and protein
abnormalities found in the patients is explored in the ac-
companying paper.

Key words: Becker muscular dystrophy — Natural history
— Clinical assessment — Dystrophin — Diagnosis

Introduction

Becker muscular dystrophy (BMD) is most often de-
fined in terms of comparison with Duchenne muscular
dystrophy (DMD). The description by Becker and Keiner
in 1955 [2] of a “new X-chromosomal muscular dys-
trophy” concentrated on the observation of an X-linked
disease with a pattern of muscle involvement similar to
that seen in DMD, but with a much slower rate of pro-
gression. For example, the ability to walk was main-
tained until at least 25-30 years after the onset of symp-
toms. Subsequent reports [1,2,4,10,12,22, 24,26, 30]
confirmed the existence of a relatively mild X-linked
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dystrophy, but assessments of such salient features as

age at onset, age at becoming wheelchair-bound and age ¥

at death revealed a wide range with no indication of
what was the most typical pattern of disease in BMD
More precise definition required the collection of large

numbers of patients with BMD, but this was hampered

by the absence of any diagnostic test. The clinical, EMG

and muscle biopsy findings could all be confused withi
such conditions as spinal muscular atrophy and the

“limb-girdle” dystrophies [4, 14]. So most studies
cluded only cases from families with proven X-linked
inheritance, and inevitably an unknown number g
sporadic cases were excluded. ..

The similarity of the pattern of muscle involvement i
DMD and BMD led Becker in his original papers [2, 10
to suggest that the two diseases might be caused by prob;
lems in the same gene. This has now been established;
with the discovery of the gene for Duchenne and Beck
dystrophy at Xp21 [21, 28] and the identification of th
protein involved [19]. Precise techniques for genetic and
protein analysis are now available for the investigat i
of the patient with Xp21 dystrophy (discussed in the
companying paper). ' P

Our aims in this study were to achieve full region
ascertainment of BMD, to confirm the diagnosis in
patients by means of genetic and protein analysis, ton
define the clinical course of BMD and to identify th
most common patterns of the disease. Our assessmel
included an objective and standardised functional ex
ination, according to the scale proposed by Corneliog
al. [8], thus avoiding the need to rely on the ag
becoming wheelchair-bound as the major indicato
severity, a standard of limited value in a disease of rel
tively slow progression. This detailed information ab
natural history could then be correlated with the gen
and dystrophin abnormalities identified in the pati
(see accompanying paper [7]).

Patients and methods

Patients were ascertained through the Regional Neurologi
Centre and Muscular Dystrophy Group Research Laboratorl
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stle upon Tyne and via contact by letter with all local
logists, paediatricians, general physicians and general prac-
ers. Patients were included in the initial ascertainment when
;clinical history, physical signs and the results of investigations

ipatible with a diagnosis of BMD, and in familial cases, where
mode of inheritance was compatible with X-linkage. The dis-
tion from DMD was based on the criterion that all of these
ients were independently ambulant beyond the age of 16 years,
redicted to remain ambulant after that age by comparison of
ir physical and functional performance with other patients with
21 dystrophy at a similar age (with one exception, see later).
ents who became wheelchair-bound between the ages of 12
:16 (the group defined by Brooke et al. as “outliers” [S]) were
included. Presymptomatic cases were included when the diag-
is was based on a grossly elevated creatine kinase (CK) level
nd a family history of proven BMD.
Confirmation of the diagnosis was then established in all
radic cases and in at least one affected case in each family by
e identification of a deletion or other abnormality of the dys-
ophin gene and/or the identification of an abnormal dystrophin
attern on immunolabelling (immunocytochemistry and immuno-
otting) of muscle biopsy specimens.

Patients were investigated according to a predetermined pro-

ol by a single examiner (K.M.D.B.). The examinations were
jed out in most cases without prior knowledge of the exact ge-
c or protein abnormality in the family under study.

listory

following aspects of the natural history of the disease were

onsidered: (1) early development and muscle function; (2) early
ptoms of disability; (3) progression of the disease; (4) educa-
onal and employment record.

The reproductive fitness of the group was calculated by com-

ing the number of offspring fathered by the BMD patients aged

r 20 years with those of their unaffected brothers. Details of pa-

ts with BMD who had died were collected to calculate the

an age at death in this group.

Formal 1Q assessments were collected where available, per-
rmed according to the Wechsler Intelligence Scale for Children-

ised [27].

nctional and clinical examination

cores were awarded according to a modified version of the scale
f Cornelio et al. [8] for performance in the following areas: gait,
ility and agility and climbing stairs, rising from a chair, rising
rom the floor and movements of the proximal and distal upper
mbs. The total score for each patient was plotted against age.

. Muscle examination was performed in 31 muscle groups ac-

ding to the guidelines in “Aids to the examination of the

ripheral nervous system” [18] grading each muscle on a scale of

, recognising the subdivisions of 4—, 4 and 4+ and converting
4 'a wholly numerical score of 0-7 for statistical analysis. From this

re values were derived for percentage of total possible muscle

re (217). This score was plotted against age.

The presence of contractures, scoliosis and other orthopaedic
abnormalities was noted and a general clinical examination per-
ormed. Forced vital capacity (FVC) was measured using a pocket
pirometer (Micro Medical Instruments) and the results again plot-

h as creatine kinase estimation, EMG and muscle biopsy were-
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The methods involved in the genetic and protein investigations
performed are described in the accompanying paper [7].

Results

Of 77 patients with proven BMD identified, 67 agreed to
be Seen, representing 43 families. The 10 unable to par-
ticipate represented 7 families, in 3 of which another
family member was seen. There was no previous family
history in 28 patients (41.8%). Twenty-nine patients
(43.3%) from 9 families had a definite X-linked family
history, and 10 patients (14.9%) from 5 families had an
affected brother but no other family history. All patients
were male. Four were presymptomatic (aged 6 months,
10 months, 3 years and 14 years). Fifteen patients who
had died were also identified. »

The average age of the group was 30.3 years (range 6
months to 88.5 years). Excluding the presymptomatic
cases, the average age was 32.1 years (range 3.6 years to
88.5 years).

Early muscle function

The mean age at first walking was delayed to 15.03
montihs (range 10—36 months, with 97% walking by the

age of Zyears), 34.5% of patients had noticed problems
with their early mobility, including toe-walking, prob-
lems with running and persistent falling; 68% of patients
reported problems with school sport, and the reported
mean age for peak physical performance was 12.7 years
(range 3-25 years).

Awareness of specific disability

The mean age at which muscle problems were noticed
aid appreciated as such was 11.2 years (range 10 months
to 38 years), excluding cases where the diagnosis was
made presymptomatically, amongst whom the mean age
for diagnosis was 9.2 years, range 6 months to 28 years.
The cumulative frequency distribution curves for age at
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Fig.1. The cumulative frequency distribution curve for age at first
symptoms (closed circles) and age at diagnosis (closed squares)
amongst symptomatic patients with Becker muscular dystrophy
(BMD)
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Table 1. Presenting symptoms experienced by the group of patients
who are symptomatic. Some patients reported more than one
symptom simultaneously

No. of patients %

Symptom

Calf pains 22 27.5
Falling 13 16.3
Slower than peers 12 15.0
Problems on stairs 10 12.5
Waddling gait 8 10.0
Toe-walking 7 8.8
Late walking 3 3.8
Problems with heavy work 2 2.5
Myoglobinuria 2 2.5
Muscle wasting 1 1.3

first symptoms and age at diagnosis (Fig.1) show that
nearly 50% of patients were experiencing problems by
the age of 10, and nearly 90% by the age of 20, whereas
only 50% of patients had been diagnosed by the age of
15 and 90% by the age of 35. The mean age at diagnosis
of muscle disease was 17.7 years, though in some cases
the realisation that the muscle disease was BMD came
much later.

Presenting symtoms

Ten different presenting symptoms were reported alone
or in combination (Table 1). The commonest was calf
pain, typically experienced in the early teenage years,
provoked by exercise and relieved by rest. Such pains
were experienced in 51 patients at some stage of their
disease (80.9%). These pains often preceded any other
symptoms by several years and were not brought to med-
jcal attention until other problems supervened, or were
dismissed as “growing pains”. In 2 patients the cramps
were of an unusually severe degree and in fact the only
symptom for many years. The diagnosis was made only
following the dystrophin examination of their muscle
biopsies. One of these patients had also experienced
myoglobinuria and had been extensively investigated for
a metabolic myopathy (D.Turnbull, L.Bindoff, per-
sonal communication). Myoglobinuria had also been the
presenting complaint in a young boy with a strong family
history of BMD, none of whose affected relatives had
had a similar problem. One patient had had an episode
resembling malignant hyperpyrexia under anaesthetic
years before any overt muscle problems.

Patients diagnosed very young tended to present with
a predominant picture of developmental delay. In terms
of long-term prognosis, early presentation seemed to be
correlated with reduced 1Q rather than with particularly
severe or rapidly progressive disease, as has been ob-
served in DMD [15].

Progression of the problem

Progression of symptoms to the upper limb was first
noticed at a mean age of 31.6 years, 20.4 years after the
mean age for noticing problems in the lower limbs.

———

A major milestone for progression of the disease
the age at which independent mobility is lost. Twelve
the 67 patients were wheelchair-bound (18%]°
mean age for loss of ability to walk in this group was 37.

6"

ears, range 11-78 years, 26.4 years aiter the averag
onsetrof problems. The patient weelchair-bound at th
age of 11 is the brother of a patient wheelchair-bound
the age of 30. Both patients are still alive in their ear
thirties. This patient was included in our data becau
both his parents felt that his confinement to a wheelcha
had been inappropriately early, and his subsequent pr
gression tends to support this. In many patients the lo
of independent ambulation was precipitated by an i
dental period of immobility, such as a fracture or su
gery.

Most patients had never received any form
physiotherapy or splinting procedures. However, 6 h
required Achilles tendon lengthening procedures, 3 b
fore the diagnosis of muscle disease was made. No p
tients used calipers to prolong independent walkin
Only 1 patient had had a Luque procedure for scoliosi
at the age of 18 years. :

Amongst the 15 patients with a clinical diagnosis

BMD who had died the mean age at death was 47
years, range 23-89 years. _

Educational and employment record

Formal 1Q results were available for only 6 of
younger boys. Most of them fell into the Jow avera,
range, with a tendency to a predominantly verbal-pe
formance discrepancy, as is seen in DMD. Six patien
had been classed as educationally subnormal. An in
mal assessment of the intelligence of the remaining p.
tients was made from details of their school perfo
mance. Most patients (87.9%) attended or attend a ng
mal mainstream school but 6.8% attended a school f
the educationally subnormal, and 3.4% a school for th
physically handicapped. One patient was taugh
home.

Of the patients who had completed their educat
70.5% left school as early as they could, without
qualifications, and only 1 had achieved any higher q 2
ifications. Detailed' comparison with a normal sche
population is difficult because of the wide range of dat
at which these patients left school; however, in 196
40.3% of the 16-year-old population were still in
time education (the leaving age then was 15), and;
1988, 43% of 16-year-olds had enrolled for post-compi
sory education. In 1988, 65.4% cof all school-leavers h;
some basic school leaving qualifications, and 20%
passed higher examinations [11]. }

Of the 47 patients who had left school, only 3 (6.3
had never been employed. Two worked in shelter
employment for the disabled following other emplg
ment, and 1 had only ever worked on this kin
scheme. One patient is in prison. Most of the older p
tients had continued working into their forties or fifti
often at surprisingly heavy occupations, and several I
served in the armed forces in their twenties, befor /
diagnosis had been made.
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present BMD patients and squares the values from a normal
male population [6]

rced vital capacity

It was possible to measure FVCin 41 patients. The mean
Value for the whole group was 2.91, range 0.75-5.21.
e mean FVC for the patients confined to wheelchairs
as 2.51, range 1.6-3.31. A scatter plot of FVC against
e is given in Fig. 2, together with the change in FVC
with age in a normal population of average height [9].
mparison between the two shows a general tendency
10 reduction in the BMD group.

wboratory investigations

Estimations for serum CK activity were available for 52
patients, the average age at the time of testing being 19.7
?ears range 6 months to 52 years. The mean CK for the
roup was 5,202 IU/l, range 630-35,340 (normal up to
0). A scatter plot of serum CK activity against age il-
lustrates a fall with age, to the extent that an elderly pa-
fient presenting late, or bemg reinvestigated, may have a
serum CK level which is lower than usually quoted in
BMD (Fig. 3). This documentation of decline of serum
CK with age agrees with the data of Zatz et al. [29].
ECGs had been performed on 34 patients, at a mean
age of 25.8 years (range 5-88 years). Fourteen (41. 2%)
ere abnormal. The abnormalities seen included incom-
plete right bundle branch block (9 patients), Q waves in
4-6 and aVF (5 patients), voltage criteria for left ven-
tricular hypertrophy (4 patients), tall R waves in the
right chest leads (3 patients) and non-specific T-wave ab-
normalities (3 patients).
“ EMG had been performed in 30 patients at a mean
age of 26.8 years. All EMGs were reported as abnormal;
20 (66.7%) had been reported a primarily myopathic
d 8 (26.6% ) as primarily neuropathic. The rest (6.7%)
were reported as mixed.
Thirty-five muscle biopsies were reported. The most
common abnormalities seen were increased variation in
re size, a tendency to fibre type grouping, and fibre
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Fig. 3. Scatter plot of serum creatine kinase activity against age.
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Fig. 4. Scatter plot of functional score against age. Increasing val-
ues for functional score indicate increasing disability. Patients allo-
cated to the “severe” group are represented by closed triangles

Functional score

sphttmg Though most biopsies were reported as show-
ing primarily myopathic features, features suggestlve of
a neuropathic process had been questioned in eight bi-
opsies. These findings reflect the observations (made on
some of the same patients and biopsies) of Bradley et al.
[4] that the features of BMD on EMG and muscle biopsy
may be difficult to distinguish from those seen in the
spinal muscular atrophies.

Functional and muscle examination

Patients old enough to co-operate were graded accord-
ing to the scale for functional assessment of Cornelio et
[8]. Figure 4 shows the functional score plotted
against age tested; an increasing functional score indi-
cates increasing disability. Two_distinct groups can be
identified — a larger one with a relatively slow rate-of—
“dectifieand a smaller group with more severe disease at .
a younger age. The regression lines of the two groups
Weresignificantly different. A similar graph of muscle
score plotted against age showed the same pattern (data
not shown). Using these clinical criteria, 53 patients
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Table 2. Summary of the differences in various clinical parameters
between the “typical™ and “severe” groups (ESN, educationally
subnormal)

The salient clinical differences between the two !
groups are summarised in Table 2. Although progression i
was markedly swifter in the “severe” group, there wasi
Tio consistent indicator in early childhood to suggest that _
the disease was going to be particularly severe. The§

“Typical” “Severe”
group group
No. of patients 53 10
Mean age of onset (years) 12.02 7.7
No. of patients wheelchair bound 4 8
Mean age of becoming wheelchair
bound (years) 58.6 25.6
No. of patients with abnormal ECGs 7126 7/8
Number formally classified as ESN 5 1
Reproductive fitness » 0.82 0.06
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Fig. 5. Functional score of the “severe” BMD group (closed
squares) plotted on the same scale as a random group of Duchenne
muscular dystrophy patients (closed circles)

were allocated to the group designated “typical”, and 10
to the group designated “severe” (represented by tri-
angles in Fig.5), including the 14-year-old nephew of

‘three other patients clearly falling into the “severe”

group who was markedly more handicapped than any
other boy of his age. Four patients were excluded from
this clinical categorisation because they were too young
to be tested reliably, 1 of whom is the 6-month-old
grandson of a patient in the “severe” group. The rest
were relatives of patients in the “typical” group.

Table 3. Reproductive fitness in patients with Becker muscular d

ystrophy (BMD). Relative reproductive fitness was calculated by ¢
paring the number of offspring born to BMD patients over the age of 20 with the offspring born to their unaffected brothers of a similar age

mean age of onset was younger but there was a broad
overlap with the cases in the “typical” group. The most
striking divergence from the “typical” course seemed to
occur in the early teens; for example all patients in the
“severe” group had considerable difficulty in climbing
stairs by the age of 20, while most patients in the “typi
cal” group were still climbing stairs into their forties.
One patient from the “severe” group, age 41 years, was
in congestive cardiac failure, with an echocardiogram
consistent with dilated cardiomyopathy. No symptoms
or signs of cardiomyopathy were seen in any of the “typ-
ical” group. However, the maternal uncle of 3 affected
boys in this group had died suddenly having developed a3
cardiomyopathy at the age of 35, though his muscle
symptoms at that stage were relatively minor. This pat-
tern of occasional catastrophic cardiac involvement in
otherwise mild BMD has been reported by others [3
25]. ‘ :
The clinical course in the patients in the “severe’
group tended to be more varied than in the “typical’
group. Each family in this group had an appreciablyd
different clinical course, and one pair of brothers (men-
tioned previously) differed quite markedly one from the
other. However, all patients in the severe group had agi
relatively slower initial progression of disease than tha
seen in DMD, and their functional performance was bet-i
ter than in a random group of DMD patients assessedg
using the same scale (Fig.5). Similarly, survival in thi
group was much better than in DMD, with the mean ag
of the patients in the “severe” group being 32 at the tim
of the study (though 1 has since died at the age of 44) 24
Patients in this group tended to develop more severeg
contractures, scoliosis and ECG changes than even th
oldest and most disabled patients in the “typical” group
but again, later and to a less severe extent than in DMD

Reproductive fitness

Table 3 illustrates the very low level of relative repro
ductive fitness in the “severe” group, but a much highe
level in the “typical” group.

No. of No. of No. of No. of Fitness
patients offspring unaffected offspring
brothers
t
Severe BMD 9 1 8 14 2B —0.06 %
Typical BMD (sporadic) 2 33 12 2 22 -
. . : 12/12 _
Typical BMD (familial and brother pairs) 12 12 10 13 7310 =
Total BMD 13 46 30 49 =
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yystrophin and DNA deletion studies have made it pos-
ble to include in this study sporadic cases in whom the
iagnosis of BMD could not otherwise have been con-
rmed. This, together with the historical and demo-
raphic advantages of the Northern Region of England
»r ascertaining cases of muscular dystrophy has made it
ossible to establish that the prevalence (2.38/100,000)
nd incidence (5.42/100,000) of the disease are much
igher than had previously been reported [6].

The collection of data on such a large cohort of patients
ith proven BMD has also allowed the natural history of
MD to be more clearly established. Most patients with
MD follow a relatively mild clinical course, which is
iirly predictable. The division of our group into “typi-
11” and “severe” categories was not intended to sub-
ivide the Xp21 dystrophies artificially yet again at a
me when the discoveries in the genetic and protein
elds ought to be encouraging a reapparaisal of these
iaseases as part of a continuous spectrum of disease
sverity, but the distinction between the “typical” and
1ore severe disease does appear to be clinically valid.

While there was some variation between members of
articular families, no family was seen in whom some
iembers fell into the “typical” category and others the
severe” group. There was one family represented in
1is group where one brother had “severe” BMD (wheel-
aair-bound aged 30) while his brother had been wheel-
aair-bound at the age of 11, thus fulfilling the definition
f DMD, though some features of his early management
1ay have caused him to become wheelchair-bound ear-
er than usual, leading to his inclusion here. A clear
:ndency for problems to be detected earlier in the sec-
nd generation of an affected family than in the original
ise was seen, but the subsequent progression of the
sunger family members suggests that this was more re-
ited to watchfullness on the part of concerned relatives
1an to more severe disease. Becker [1] also noted that
:latives of patients were often the first to recognise the
arly signs of the disease in a young child.

The striking difference in reproductive fitness be-
veen the two groups probably reflects the degree of
arly disability in the more severely affected patients.
he fitness in the “typical” group is higher than previous
stimates for BMD [12, 23], but the overall figure for the
vo groups corresponds almost exactly to that calculated
y Emery and Skinner [12]. This suggests that the very
w level obtained by Passos-Bueno and Zatz [23] might
ave been biased towards patients at the more severe
ad of the spectrum. Both estimates considered familial
ises only. However, we found no difference in repro-
uctive fitness between familial and sporadic cases. The
sproductive fitness together with our figures for the
wcidence of BMD and DMD (6, 16] can be applied to
‘aldane’s formula, to show that the mutation rate in
MD is 0.61 X 1073 and for the DMD/BMD gene as a
hole is 2.63 x 107°.

Although most problems in BMD occur in adult life,
significant proportion of patients in both the “severe”
1d “typical” groups do experience problems during
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childhood in both physical and intellectual performance
despite the mean age at onset being 11.2 years. Physical
underachievement, as shown by poor performance at
school 'sport and a perceived peak of physical perfor-
mance at the age of 12, is paralleled by the consistently.
poor academic achievement in the group. Other studies
have also suggested a tendency to reduced intellectual
performance in association with BMD [1, 12, 20, 30].
Such problems ought to be anticipated when a diagnosis
of BMD is made early, as schools are unlikely to have
any idea of the potential impact of this disease on teen-
age boys in whom the symptoms at this stage are most
often minimal. Career guidance is another area of sup-
port which is important to these patients.

The presenting symptoms reported amongst our pa-
tients were varied, but emphasised the importance of
cramping muscle pains as a prominent problem in BMD

(experienced by 81% of our patients at some stage of the

disease). These pains were often more disabling than
any actual weakness in the teenage years, and can in-
deed be the predominant symptom for many years, a
finding also reported by others [13, 17]. The recognition
of major cramps as a sometimes isolated symptom of
BMD extends the range of phenotypes associated with
the Xp21 dystrophies.

In conclusion, our studies on a large group of BMD
patients show that, though significant problems may be
encountered in childhood, the disease in the majority is
relatively mild, and most patients remain ambulant into
their forties and often beyond. A smaller group has
more rapidly progressive disease, with more pronounced
complications. The relationship of this clinical observa-
tion to the genetic and dystrophin abnormalities in our

patients is explored in the accompanying report [7].
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