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ABSTRACT

Studies were carr ied out on muscle specimens from patients with 

various neuromuscular disorders, including malignant hyperthermia car­

r ie r s ,  in order to determine tne value of  muscle tension tests in the 

diagnosis of malignant hyperthermia. I t  was found that when the

results of muscle tension studies were considered together with those 

of other tests, th is  technique f a c i l i t a t e d  the detect ion of malignant 

hyperthermia ca r r ie rs .  When used alone, however, the study of  muscle 

tension could not be regarded as i n f a l l i b l y  pred ic t ive .

Physiotherapeutical investigat ions showed that chest physiotherapy 

may be of  great value in treat ing certa in neuromuscular condit ions.

In add i t ion ,  physiotherapy appeared to improve functional a c t i v i t i e s  in 

patients with progressive diseases such as spinal muscular atrophy and 

peroneal muscular atrophy, despite having no e f fec t  on actual muscle 

strength.

Several other unexpected but in terest ing f indings emerged, one of 

these being the need to devise a more accurate and object ive means of 

assessing patients with generalized muscular weakness.
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For a number of years , a high level of  serum creatine phosphokinase 

(CPK) in conjunction with certa in h is to lo g ica l ,  histochemical and e lec­

tron microscopical f ind ings,  had been used as an ind ication that a pa­

t i e n t  might be a Carrier of malignant hyperthermia (MH). A high CPK 
level could not, however, be considered as diagnostic, since i t  occurs 
in several disorders other than MH. Likewise, musc1e biopsy resul ts 
are non-specif ic and var iab le ,  s im i la r  pictures being seen in a var ie ty  
of neuromuscular diseases. In v i t r o  muscle tension studies using halo- 
thane were, therefore, carr ied out by e a r l ie r  authors in an attempt to 
establ ish whether th is  test could be used as a posi t ive  means of  detect­
ing patients who are car r ie rs  of MH. Although muscle tension studies 
had been in use since 1958 and had yielded encouraging resu l ts ,  work had 
been res t r ic ted  mainly to the reactions of muscle obtained from normal 
patients as compared to muscle from patients suspected of  being carr iers  

of MH.

Kalcw et a l . (1970) showed that muscle from known MH patients was 
more sensit ive to caffeine than that of  normal pa t ien ts ; and increasing 
amounts of caffeine had been used in muscle tension stud ies, to compare 
the reactions of muscle from normal and MH-susceptible pa t ien ts . Never­
theless, the reaction to caffeine of muscle from patients with d i f fe re n t  
neuromuscular disorders had not been adequately examined. Further re­
search was, therefore, required in order to determine the value of the 
caffeine test in screening fo r  MH.

A posi t ive reaction to halothane was recently obtained in the Neuro­
muscular Research Laboratory in Johannesburg in a patient  with Parkinson' 
disease, who was considered not to be a ca r r ie r  of MH. This showed the 
need for  fu r ther  invest iga t ion ,  to determine the reaction to halothane 
of muscle from patients with various othp* " “ uromuscular disorders.

The work presented in th is  d isser ta t ion  was undertaken in order to 
c l a r i f y  the value of muscle tension studies in the diagnosis of MH.
Pr ior  to commencement of  th is  research, the v a l i d i t y  of muscle tension 
studies as a spec i f ic  predict ive means of  detecting carr ie rs  of MH, had 

only rea l ly  been questioned by Bradley et a l . ( 1973). These authors 
demonstrated that administrat ion of halothane to muscle of known carr iers  

of MH, may resu l t  in a false negative response. In the present
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invest iga t ion ,  resul ts  of  muscle tension studies (using halothane, caf­

feine and in special cases, succinylchol ine as test ing media) were con­
sidered in conjunction with histopathologica i ( including electron micto- 

scopica l) ,  electromyographical and c l i n i c a l  f ind ings,  to see whether any 
d is t in c t iv e  pattern emerged which could indicate predisposit ion to a 
possible MH inc ident.  The purpose was also to ascertain whether MH was 
more common in one type of neuromuscular disorder than in any other of 

those studied.

Physiotherapy is concerned, in te r  a l i a , with muscle. .n the past, 
physiotherapists have treated the many progressive aid non-progressive 

neuromuscular disorders without much thought as what they actual ly  
hoped to achieve. Consequently, c l i n i c : '  assess ants and re-examination 
of the patients were carr ied out by the * or in the hope of determining 
the value of physiotherapy in these cor 1 iC 's ; and in an attempt to es­
tab l ish more s p e c i f i c a l l y  the role of  physiotherapists in the treatment 
of patients with certa in disorders discussed in th is  d isser ta t ion .  Un­
fo r tuna te ly ,  the patient sample who could have physiotherapy was inade­
quate; but several in terest ing and thought-provoking results emerged, 

nevertheless.
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SKELETAL MUSCLE

General structure

The basic un i t  of skeletal muscle is the muscle f i b r e ,  a long, cy­
l in d r i c a l  structure which ranges from approximately 1 to 40 mm in lengtn 
and 10 to 100 ym in diameter. The diameter of the f ib re  increases with 
age and under the inf luence of strenuous muscular a c t i v i t y .  Eacn r io re  
is surrounded by a de l ica te ,  e la s t i c ,  connective t issue sheath, the 
sarcolemma, beneath which numerous e l l i p t i c a l  nuclei are situated.
Most of the in te r io r  of the muscle f ib re  is  formed by a large number of  
threadl ike structures known as m yo f ib r i ls ,  each o f  th ich  measures about 
1 to 2 urn in diameter. These are grouped together in to  bundles of 
fascic les surrounded by perimysial connective t issue. Each myof ib r i l  
is fu r the r  sub-divided in to  th in  act in and th ick myosin f i laments, as 
observed in early studies of the u l t ras t ruc tu re  of muscle by Hall e t_^L  
(1946) and Draper and Hodge (1949). The two sets of f i laments are 
arranged in a double hexagonal array, each th ick  f i lament being sur­

rounded by s ix  th in ones (H.E. Huxley, 1953a).

Cross-bridges, which are project ions loca l ized on the tn ick myosin 

f i laments ( E l l i o t t ,  1964), extend towards the act in  f i laments. Since 
there are s ix  th in f i laments around each th ick one, there are six cross­

bridges leaving each th ick  f i lament for  every 400A in terval  or i t s

length .

The in te rm y o f ib r i l i a r  space contains aqueous sarcoplasm in which 

glycogen granules and various subcel lu lar organel les such as mitochon- 
d r ia ,  sarcoplasmic ret iculum (SR) and the transverse tubular  (T-tubular)  
system are found. Other structures present include muscle spindles, 

blood vessels and nerve endings.

S tr ia t ions

The cha rac te r is t ic ,  cross-str ia ted or banded pattern of the myo­

f i b r i l  has been a t t r ibu ted  to dif ferences in the re f rac t ive  indexes of 
the p a r t i a l l y  overlapping, in te rd ig i t a t in g  act in and myosin f i laments 

(H.E. Huxley, 1956). This repeated pattern of l i g h t ,  iso trop ic



(I - s ingly r e f ra c t ! le )  and dark, anisotropi (A - b i re f r ingen t)  banas 
extends throughout the length of  the para l le l  myo f ib r i ls .  A dense, 
narrow 7. l ine bisects the I band, and the un i t  formed by the material 
encompassed between two adjacent Z l ines ,  consti tutes a sarcomere 
(Fig. 1). The thick myosin f i laments are confined to,  and character­
ize the A band. The th in  act in  f i laments, attached to the Z l ine  of 
the I band, extend into the A band, except in a narrow, less dense, 
central region known as the H zone (Henson's zone), where only th ick 
f i laments are found. An addit ional s t r i a t i o n ,  the M l in e ,  is caused 
by a s l ig h t  thickening o f  the myosin f i laments and is observed in the 
middle of  the H zone.

Chemical composition and propert ies o f  the myof ib r i l

The act in  and myosin f i laments in te rac t  unaer the influence of 
tropomyosin, troponin and other regulatory proteins to form the basic 
con trac t i le  mechanism of  muscle. Myosin accounts fo r  approximately 
54% of  tne to ta l  s tructura l  protein content of  f i b r i l s ,  whi le the 
amount of act in in f i b r i l s  is estimated as ‘ ing only 20% to 25%
(Hanson and Huxley, 1957). "ropomyosin and troponin, which toaether 
consti tu te  "native" tropomyosin (Ebashi and Endo, 1968), are d i s t r i b u t ­
ed along the act in  f i laments, and are present in smaller quant i t ies - 
abou. 7% and 2%, respectively (Carlson and Wilk ie , 1974). Troponin 
comprises three d i f fe re n t  subunits, troponin T (TN-T), troponin I (TN-I 
and troponin C (TN-C), and is considered to be the calcium receptor of 
muscle (Endo, 1977). The released calcium ion binds with one of  the 
troponin subunits, TN-C, thus i n i t i a t i n g  the con t rac t i le  reaction by 
changing the conformational state of the regulatory proteins. Other 
m y o f ib r i l la r  protein complexes include: C-protein, part of the th ick
f i lament (Starr and O f fe r , 1971; Offer , 1972); M-line prote in ,  o f  
which one component has been snown to be the enzyme creatine phosphoki- 
nase (Morimoto and Harrington, 1972; Herasymowych et al . ,  1980); 
3 -ac t in in ,  the major component of  the Z band (Stromer et a l . ,  1969;
Goll c i  a " . ,  1972), and g-act in in  in the I-band region (Maruyama, 1965) 
- the functions of both o f  which arc as yet unknown.

Sarcoplasmic reticulum and transverse tubular  system

An elaborate, membranous structure in the in te rm y o f ib r i l l a r  sarco-



Figure 1.

BBBEeaagn^
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Electron micrograph showing the structure of normal 

muscle.

(x 10000)



(Key: A - A band; H - H zone; I - I band; M - M l ine ;  
Th - th ick myosin f i lament;  7n - th in  act in f i l a ­
ment; 1 - 1  l ine)



plasm, said to have f i r s t  been observed by Retzius in the la te  nine­
teenth century, was la te r  described by SjOstra.id (1956). This s t ruc­

ture can be sub-divided in to  two components: the SR and the T-tubular
system (Porter and Palade, 1957; Andersson-Cedergren, 1959). These 
two structures occupy about 15% of  the ce l l  volume (Peachey, 1965).

The SR is a continuous network of long i tud ina l ly  or ientated, 
membrane-limited tubules o f  varying sizes, shapes and densit ies.
These tubules form a complicated lace - l ike  sleeve around the myof ib r i ls  
(Porter and Palade, 1957). The SR covers a surface area o f  approxi­
mately 3,000 - 10,000 cm2 per cm3 of  muscle (Peachey, 1965) and is re­
sponsible for  the regulat ion of  the sarcoplasmic calcium ion concen­
t ra t io n ,  thereby con t ro l l ing  contract ion and re laxation of  muscle 
(Tonomura, 1973).

The T-tubular system is a system of  tubules which traverse around 
the m yo f ib r i ls .  The tubules l i e  p r im ar i ly  in a plane which is trans­
verse uo the iong axis of  the f ib re  and SR, although short,  long i tu ­

dinal excursions of T tubules were seen by Andersson-Ceuergren (1959), 
H.E. Huxley (196t) and Page (1965). The T system arises as a funnel­
l i ke  invagination of  the sarcolemma (Peachey, 1968), the lumen of which 
forms a functional con t inu i ty  with the e x t race l lu la r  space, as was 
f i r s t  shown by H.E. Huxley (1964). This was confirmed by Endo (1964), 
Franzini-Armstrong and Porter (1964), Eisenberg and Eisenberg (1968) 

and Peachey and Schild (1968). I t  is thought that the T system per­
mits the transmission of an act ion potential  from the ce l l  membrane to 
the SR, causing calcium ions to be released (Bastian and Nakajima,
1974; Costantin, 1975; Franzini-Armstrong, 1975). This idea is sup- 
porued by A.F. Huxiey and Taylor 's e a r l ie r  (1958) experiments, in which 
they found that a local contract ion of  s ign i f ic a n t  magnitude occurred 
only when the plasma membrane surface was loca l ly  depolarized exactly 
at the posi t ion of  the T system. The T tubules are flanked at  regular 
in terva ls  by a pa i r  of long i tud ina l ,  d i la ted ,  terminal cisternae of the 
SR, forming a complex known as a t r ia d  (Porter and Palade, 1957). 

ihis t r i a d ic  junction has the unique property that the gap between the 
terminal cisternae and T tubule is nearly or completely bri ged by 
evaginations or " feet"  from the terminal wall of the SR cisternae 
(Franzini-Armstrong, 1968; Kel ly , 1969). Although th is  close associ­
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ation exi between the , system and SR, there is no open communication 
between them. There are two tr iads  per sarcomere, one at the level of 
each A-I band (Andersson-Cedergn 1959).

01tras trec tu re  o f the sarcoplasmic reticulum membrane

The calcium-transport ing membrane of the SR is compose of vesicles 
(Porter and Palade, 1957; Porter, 1961; Franzini-Armstrong and Porter, 

1964; Peachey, 1965; Sa-zaTa et a l . ,  1975) enclosed by a s ingle, 
t r ip le - laye red ,  asymmetrical membrane about 60$ th ick (Hasselbach and 
E l fv in ,  1967). These vesicles can be fur ther  resolved into l i g h t ,  in ­
termediate ar neavy vesicles (Meissner, 1975). Light vesicles appear 
as empty sacs by electron microscopy (Meissner, 1974) and are composed 
of almost equal amounts o f  phospholipid and calcium-pump prote in , th is  
accounting for  approximately 90% o f  the to ta l  protein. Heavy vesicles 

contain, in addit ion to the calcium-pump prote in , two other major pro­
te in components. These are the calcium-binding and M55 proteins, which 
account fo r  the electron dense material observed inside heavy vesicles 
(Meissner, 1975). These vesicles contain ha l f  the amount of phospho- 
I ’ pid or l i g h t  ves ic les , in accordance with th e i r  high content of  
calcium-binding protein. Intermediate vesicles have a calcium-binding 
and M55 protein content somewhere between that of l i g h t  and heavy 

vesicles. Heavy vesicles re ta in  twice as many calcium ions as do l i g h t  
vesicles, while the la t t e r  accumulate three times as many calcium ions 
(Meissner, 1974;. Thus, the three types of vesicles d i f f e r  in compo­
s i t i o n ,  morphology and funct ion. From these data, Meissner (1975) 
concluded that the heavy vesicles containing electron dense material are 
derived from the terminal cisternae of the SR, while l i g h t  vesic les, 
which appear empty, or ig inate from the longitud inal  sections of the SR 

(Meissner and McKinley, 1976). Further u l t ras t ru c tu ra l  characteriza­
tion was then carr ied out by means of  negative stain ing of the SR 

vesicles. This revealed the presence of pa r t ic les  about 4oil in diame­
ter  on the i r  outer surface (Deamer and Baskin, 1969; Ikemoto et a l . ,  
1971; Mactennan et  a l . ,  1971; MacLennan et a l . ,  1974). The par t ic les  
are uniformly d is t r ibu ted and are present on the majori ty  of vesicles.
A second type or p a r t i c le ,  80 - 90$ in diameter, is found on the in te r ­
nal surface or vesicles and has been iden t i f ied  with the adenosine 

triphosphatase (ATPase) protein (Dearne  ̂ and Baskin, 1969; MacLennan
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Et a l . ,  i 971; Scales and Ines i , 1 975:. Tne la t t e r  are present on ap­
proximately 70% of vesicles and cover about 20, o f  the vesicle surface 
(Deamer and Baskin, 1969).

Chemical composition of  the sarcoplasmic re t ic u lu ;;

Seven proteins have been isolated from the SR. These comprise two
groups: a series of water-soluble, hydrophobic (ex t r ins ic )  proteins and
a group of water- insoluble ( i n t r i n s i c )  proteins (Maclennan et a l . ,  197-: .

The Ca2+-dependent ATPase o f  the i n t r i n s i c  proteins is a membrane-
forming enzyme, consist ing of  a major ATPase peptide (molecular weight 
(MW)/-'102,000); a p ro teo l ip id  (MWH2.000); var iable amounts of a high 
molecular-weight prote in ; and neutral l ip id s  and phospholipids 
(Maclennan, 1970; Maclennan et a l . ,  1971). These in t r in s i c  proteins 
form the t r i lam ina r ,  asymmetrical s tructure of  the SR membrane (Inesi 
and Asai, 1968; Ikemoto et  a l . ,  1971; Maclennan et a l . ,  1971;
Maclennan et a l . ,  1974) and account fo r  the globular  structures on the 
inner surface of  the SR membrane (Deamer and Baskin, 1969). I t  should 
be noted, however, that the above conclusions are not in agreement with 
those or Hasselbach and E l fv in  (1967), Thorley-Lawson and Green (1972) 
and Yu et a l . (1975), who considered the Ca2+-ATPase to be e i ther  on or 
pro ject ing from the outer surface of  the SR vesicles.

The ex t r in s ic  proteins are a series o f  highly acid ic  proteins of  
d i f fe re n t  molecular weights and are thought to possess the common pro­
perty of  binding calcium that has been transported to the in te r i o r  by 
the Ca2+-dependent ATPase r  aclennan and Wong, 1971; Maclennan et a l . ,  
1974). The largest o f  the , -  proteins, the M55 protein (MW '-'55,000), is 
the least ac id ic  and has the highest a f f i n i t y  fo r  calcium. Calseques- 
t r i n  (MW '-'46,500) and the other acid ic  proteins (with molecular weights 
ranging between 20,000 and 38,000) have fa r  lower calcium-bincing values. 
These values have been discussed in deta i l  by Ostwald and Maclennan 
(1974). The amino acid composition was given by Meissner et  a l . (1973) 
and t h i s , together with the dif ferences in molecular weight and calcium- 
binding a c t i v i t y ,  makes them c lea r ly  dist inguishable from one another.

The loca l iza t ion  of  the protein components of  SR vesicles is de­
bated and there are co n f l i c t in g  views. For example, calsequestrin was
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said to be on the internal surface of  vesicles by MacLennan and Wong 
(1971) and Stewart et a l . (1976), but on the external surface by 
Thorley-Lawson and Green (1973); whi le Yu et a l . (1976) reported that 
calsequestrin and related Ca-^-binding proteins are e i ther  buried w i th ­
in the membrane structure or located on the internal  surface of  the 
ves ic les .

Subunit s tructure of  myosin

The myosin f i lament is  formed by an aggregation of  rod - l ike ,  
a -h e l i c a l l y  arranged structures known as myosin molecules, which are 
approximately 1,600^ long (Pepe, 1967). The myosin molecule is d iv id ­
ed in to two subfragments, heavy meromyosin (HMM) and l i g h t  meromyosin 
(LMM) (MihSlyi and Szent-Gydrgyi, 1553; Szent-Gytirgyi, 1953; Lowey 
and Cohen, 1962).

HMM accounts fo r  70% of  the molecular mass of  myosin and is in the 
form of  a t a i l  (subfragment-2 (HMM S-2)) (Lowey et a l . ,  1969), which 
terminates in two globular subunits or heads (HMM subfragments-1 
(HMM S - l )) (Mueller and Perry, 1962), both 19ol in length (Offer and 

E l l i o t t ,  1978). These globular heads, each with a diameter of approx­
imately 64A, consist of two heavy chains and four l i g h t  chains (Trotta 
et a l . ,  1968); A - l ,  A-2 and two DTNB chains (Carlson and Wi lk ie , 1974). 
The heads in te rac t  with act in and hydrol ize ATP (Hanson et a l . ,  1971; 
Lowey and Steiner, 1972).

In contrast,  LMM, attached to the t a i l  o f  HMM, consists of a 
simple, double-stranded, a-he l ica l  rod with a diameter of  15 - 2ol 
(H.E. Huxley, 1963; Zobel and Carlson, 1963; Rice et  a l . ,  1966) and 
is composed of  a dispersed system of  polypeptides cal led protomyosin.
The rod- l ike  t a i l s  of the myosin molecules (LMM) are arranged in a 
t a i 1 - t o - t a i 1 fashion and form the shaft of the th ick f i lament.  Fur­
ther aggregation towards the tapered ends of the th ick f i lament occurs 
in a head- to - ta i1 fashion (H.E. Huxley, 1963), the HMM S-l port ions 
project ing la te r a l l y  and outwards at the surface to form the cross­

bridges. In the centre o f  the thick f i laments is a bare zone, or 
pseudo-H zone, which arises from the t a i 1 - t o - t a i 1 (an t ipa ra l le l  packing 
- H.E. Huxley, 1963) arrangement of  the LMM. No myosin cross-bridges
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are found in th is  pseudo-H zone (Pepe, 1968).

I t  is assumed that the cross-bridges, project ing at in te rvals  of  
approximately 143$, are constructed from the head pieces of  the myosin 
molecule, since recent studies suggest that the ATPase a c t i v i t y  and 
actin-combining s ites are completely local ized in the head portion S-l 
of HMM, the l ig h t  chains forming the s truc tura l  units necessary fo r  
these physiological functions (Tonomura, 1973). Thus, i t  is evident 
tnat the many varied functions of  myosin are confined to pa r t icu la r  
regions of i t s  structure .

Chemically, the myosin molecule consists of numerous amino acid 
residues d is t r ibu ted  uniformly throughout the molecule, the composition 
of each subunit having been discussed in de ta i l  by Tonomura (1973).

Subunit structure of  ac t in ,  tropomyosin and troponin

In muscle, ac t in  occurs in the f ibrous (F-act in) form. The actin 
f i lament, with a diameter of  about 80$ (Hanson and Lowy, 1963; Moore 
et a 1. ,  1970), has a te r t i a r y  s tructure . I t  consists o f  a double­
stranded he l ix  of ac t in  subunits and "native" tropomyosin. The l a t t e r  
comprises two proteins troponin and tropomyosin. The two in te r tw in ­
ing F-actin chains cross at  in te rva ls  of  355$ to 370$, in which length 
there are th i r teen re la t i v e ly  globular monomers (H.E. Huxley and Brown, 
1967; Moore et a l . ,  19/0). Each of these globular subunits repre­
sents one G-actin monomer, of  which there are 350 - 400 per th in f i l a -

o
ment, each with a diameter of  about 55A (H.E. Huxley, 1953b; Selby and 
Bear, 1956; Hanson and Lowy, 1963; Moore et a l . ,  1970). G-actin is 
the compact mass which forms the repeating subunit of F-act in,  the 
l a t t e r  being formed by polymerization o f  the G-actin monomer (Hanson 
and Lowy, 1963). The molecular weight of  G-actin is 46,000 to 47,000 
dal tons.

The two regulatory proteins,  tropomyosin and troponin, form a 
structura l  component of the ac t in  f i lament. Tropomyosin is a f ibrous 
protein with a molecular weight about 66,000 - 70,000 dal tons (Holtzer 
et a l . ,  1965; Woods, 1967). The tropomyosin molecule consists of two 
a - h e l i c a l , polypeptide chains which form a coi led coi l  ( s i c ) measuring 
about 400 - 410$ in length and 18A in width (Caspar et  a l . ,  1969;
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Mi l l  ward did Woods, 1970; Longley, 1977). There is one tropomyosin 
molecule in tne groove o f  each double-stranded actin f i lament (Spudich 

et a l . ,  1972). This arrangement occurs in a regular, periodic 
fashion, namely, one tropomyosin molecule for  every seven actin  mono­

mers.

Troponin, a f a i r l y  globular protein (MW 80,000), is si tuated about 
100A or 15QA from the end of each tropomyosin molecule (Cohen et  a l . ,  
1972) and is spaced about every 400A along the th in f i lament (Ohtsuki 
et a l . ,  1967). There is one troponin molecule fo r  each tropomyosin 
molecule. Troponin comprises three d i s t i n c t  peptide chains of d i f f e r ­
ent molecular weights. These are calcium-binding protein or TN-C 
(MW 18,000); in h ib i to ry  protein or TN-I (MW 22,000); and tropomyosin- 
binding protein or TN-T, the protein with a mass of  37,000 - 39,000 
dal tons (Greaser and Gergely, 1971).

In the absence of calcium, troponin, together with tropomyosin, 

maintains the dissocia t ion of ac t in  and nucleotide-containing myosin.

EXCITATION AND REGULATION OF CONTRACTION IN STRIATED MUSCLE 

Nerve conduction

When nerve is stimulated, e i the r  e le c t r i c a l l y  or chemical ly, the 
potentia l  di f ference across the membrane of  the nerve decreases. This 
resul ts  in increased permeabil i ty of  the membrane to sodium ions, which 
move across the membrane in to the cel l  and carry the early inward mem­
brane current (Hodgkin and Huxley, 1952a,b). The accompanying change 
in the membrane ionic environment is  the s ta r t  of a propagated action 
p o te n t ia l , which is associated with a wave of  depolarizat ion that 
passes along Lie length of the nerve f ib re  to the nerve terminals.

Neuromuscular transmission

The a r r iva l  of a nerve act ion potential  at the neuromuscular junc­
t ion causes depolar izat ion of the nerve terminal membrane. There is



an increase in calcium conductance, and calcium ions d i f fuse across the 
nerve membrane in to  the presynaptic end-plate region. This resul ts  in 
a b r ie f  but powerful accelerat ion in release of  the t ransmit te r ,  
acetylchol ine (Hubbard et a l . ,  1968; Katz and Mi led i ,  1968; Kosower 
and Herman, 1971). The exact ro le of calcium ions in the release of 
transmitt  not f u l l y  understood. However, i t  is  known that  a de­
crease in uie calcium ion concentration in the end-plate region or an 
increase in the magnesium ion concentration in the presence of  calcium 
ions, resul ts  in a neuromuscular block caused by a reduction in the 
amount o f  acetylchol ine released (Hubbard et a l . ,  1968). The trans­
m i t te r  is released from the synaptic vesicles in the form of small 
"packages" or quanta, each containing many thousands of  molecules of 
acety lchol ine (Kriebel et a l . ,  1976; Wernig, 1976). I t  then dif fuses 
across the narrow gap between the nerve and muscle membranes, a d is ­
tance or about 1 pm, and attaches to the end-plate receptors of  the 
muscle f ib re  membrane. The acetylchol ine receptor is  a protein now 
thought to consist of  more than one polypeptide chain (Nathanson and 
Hal l ,  1980). A local end-plate potentia l  is  generated as a resu l t  of 
summation or many (100 - 250) units of  transmit te r  released simul ta­
neously (Dei . a s t i l l o  and Katz, 1954); and which, at  a c r i t i c a l  magni­

tude, causes depolar izat ion of the muscle f ib re  membrane by a l te r ing  
the permeabil i ty to sodium. his change in ion ic  gradient gives r ise
to the muscle action p o te n t ia l , which propagates along the length of 
the f ib res  at a ve loc i ty  o f  0.5 - 5 ms'1.

Short ly a f te r  acetylchol ine has acted, i t  is removed from the end- 
P'ate region by d i f fus ion  and hydrolysis. The enzyme acetylchol ines­
terase, r ound on the surface of the postsynaptic membrane, hydrolyzes 
acetyichol ine to acetate and choline. The chol ine is reabsorbed by 
presynaptic nerve terminals and reacetyla ted by acetyl coenzyme A to 
form a new molecule of  acetylchol ine.

Neuromuscular transmission is also regulated by the action o f  the 
hormones norepinephrine and epinephrine, which f a c i l i t a t e  transmission 
(Bowman and Raper, 1967; Kuba, 1970; Kuba and Tomita, 1971).
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E X C T T A T I O N - C O N T R A C T I O N  C O U P L I N G

Elec tr ica l  propert ies of muscle

The mincle action po ten t ia l ,  or spike potential  as i t  is frequent­
ly  ca l led ,  is (as stated e a r l ie r )  dependent on the in t r a c e l lu la r /e x t ra ­
c e l l u la r  ion ic environment. The ionic d is t r ib u t io n  is  such that the 
concentration of  potassium is higher inside the m y o f ib r i l ,  whi le the 
predominant cation outside the membrane is  sodium. The rest ing trans­
membrane potential  o f  mammalian skeletal muscle is approximately -90 mV, 
the inside of the f i b r i l  being negative with respect to the outside.
When stimulated, the potential  is reduced to +30 to +40 mV and there is 
a concomitant increase in the permeabil i ty of  the membrane to sodium, 
potassium and chloride ions. Although the e le c t r ica l  propert ies of  
skeletal muscle are s im i la r  to those of  nerve f ib re s ,  chloride ions 
play a greater role in muscle than in nerve (Hodgkin and Horowicz,
1959).

Inward spread of contract ion act iva t ion  along the T system

I t  is now general ly accepted that the T tubules of  skeletal muscle 
form the act ive intermediary pathway fo r  exc i ta t ion-contrac t ion  coup­
l ing between the surface membrane and the in te r io r  of the muscle f ib re  
(A.F. Huxley, 1971; Bastian and Nakajima, 1974). The action poten­
t i a l  is conducted from the muscle f ib re  membrane into the muscle cel l  
by depolar izat ion of the T system (Gage and Eisenberg, 1967). The 
tubular act ion potential  is the resu l t  o f  act ive conducting changes 
s im i la r  to those which occur in the surface membranes of nerve and 
muscle ce l ls .  When the T system membranes become depolarized, the 
current is carried in to the f ib re  and in i t i a t e s  the spread of depolari ­
zation along the tubules to the SR (Costantin, 1970; Peachey, 1972). 
Act ivat ion of the SR causes calcium ions to be released in to  the sarco- 
plasm, which leads to muscle contract ion. However, the exact mechan­
ism by which the tubular action potentia l  induces release of  ac t iva to r  
(calcium ions) from the SR, is not yet known. I t  has been postulated 
that  the close proximity of the T tubules to toe terminal cisternae of 
the SR at the t r ia d ic  junction (Peachey, 1965) causes a potential  d i f -
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farence across the SR membrane, resul t ing in release of calcium ions.

An a l te rna t ive  mechanism, suggested by Kasai and Miyamoto (1973) and 
Nakajima and Endo (1973) fol lowing the i r  experiments on skinned muscle 
f ib re s ,  was that the change in ionic environment results in a massive 
in f lu x  of sa i t  and water into the vesic les. This causes osmotic 

swell ing ana an increase in membrane permeabil i ty which depolarizes the 
SR membrane, thus resu l t ing  in release of  calcium ions.

Iden t i ty  of the "ac t iva to r  1

The ea r l ie s t  evidence fo r  a physiological ro le of calcium came 
from the work of  Ringer and Buxton (1887), who found that the isolated 

frog heart no longer contracted when calcium was not added to the bath­
ing solut ion.  Since the study by Heilbrunn and Wiercinski (1947), 
calcium has become recognized as the "ac t iva to r "  o f  muscular contrac­
t ion .  Muscle w i l l  not contract in the absence of  calcium, not even in 
the presence of  a high concentration of potassium. Inesi and Malan 
(1976) and Taylor and Godt (1977) demonstrated that  d i rec t  s t imulat ion 
of the muscle f ib re  caused calcium ions to be released, resu l t ing  in 
muscular contract ion. Jtibsis and O'Connor (1966) and Ashley and 
Ridgway (1968) had previously obtained s im i la r  resu l ts .  I t  was also 
observed by various workers that during re laxat ion,  the free calcium 
ion concentration became markedly reduced.

Site of calcium accumulation

Winegrad (1965, 1970), using autoradiographic techniques, showed 
that during the re laxat ion phase of muscle, calcium is taken up mainly 
by the longitud inal  sacs of the SR and subsequently accumulated in the 
terminal cisternae (sacs) of  the SR (Costantin et a ! . ,  1965; Podolsky 
et_aj_., 1970), where the calcium concentration in rest ing muscle is 
highest.

The calcium accumulated in the SR is bound in vast quant i t ies to 
the calcium-binding prote in , calsequestr in, and to the 55,000 dal ton 
protein local ized on the in te r i o r  surfaces of the SR membrane vesicles. 
The calcium concentrations on the surfaces of calcium-loaded SR 
vesicles may be as high as 20 mM (MacLennan and Wong, 1971). The
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aforementioned proteins play a major role in binding and sequestering 
the large number of calcium ions on the surfaces of  the SR vesic les, in 
order to reduce t.ie calcium concentration in the sarcoplasm to the 
level in the rest ing f ib re .

Calcium binding by membrane components of  the sarcoplasmic reticulum

Calcium is  taken up by the SR fo l lowing transport of calcium ions 
through the membrane in to  the vesicles (Hasselbach, 1964). Early 
studies by Marsh (1951, 1952) and Bendall (19o2, 1958) showed that an 
aqueous extract of muscle had a relaxing e f fe c t  on m y o f ib r i l l a r  bundles. 
I t  was shown by Ebashi (1958) that th is  "re lax ing fac to r"  was associat­
ed with the granular f rac t ion  known as the Kielley-Meyerhof ATPase 
(K ie l ley  and Meyerhof, 1948, 1950). The methods of  preparation em­
ployed indicated that the relaxing factor  consisted o f  vesicular  s t ruc ­
tures derived from the SR of muscle (Ebashi and Lipmann, 1962;
Muscatello et  a l . ,  1962). Bozler (1954, 1955), Watanabe and Sleator 
(1957;, Ebashi (1961) and Seidel and Gergely (1963) reported that mus­
cular contract ion and re laxation was regulated by calcium. The d is ­
covery by Ebashi (1961), Ebashi and Lipmann (1962) and Hasselbach and 
Makinose (1961, 1963) that calcium ions are accumulated by the SR in 
the presence of  magnesium ions and ATP, revealed the importance of  the 
SR in muscle re laxation.

Calcium binding to the SR h ig h -a f f i n i t y  binding s i tes ,  namely on 
the ATPase protein (Cohen and Selinger, 1969; C 'eva l l ie r  and Butow, 
1971; Fiehn and Mi gala, 1971), is thought to represent the i n i t i a l  
reaction of the membrane with calcium, i . e .  i t  causes enzyme ac t iva t ion  
(Inesi et  a i . ,  1980). The i n i t i a l  reaction is followed by a secondary 
process, namely the binding of calcium ions bv the Mss protein (high- 
a f f i n i t y  calcium-binding prote in) and the lower a f f i n i t y  si tes of 
calsequestnn; but which nevertheless have an extremely high capacity 
fo r  binding calcium. This secondary orocess takes place on the inner 
surfaces of  the SR vesicles (Ikemoto et a l . ,  1972, 1974).

Thus, the uptake of calcium ions involves act ive transport across 
the SR membrane; and one mole of ATP is hydrolyzed fo r  every two moles 
of calcium accumulated (Weber et a l . ,  1966; Friedman and Makinose,
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1970; Yamada et a l . ,  1970, Tada et a l . ,  :978). Information concern­

ing the amount of calcium accumulated by eu:n protein f rac t ion  has bee,i 
reviewed by Tada et a l . (1978).

Rate of calcium binding by the sarcoplasnrc ret iculum membranes

The raue of  calcium uptake found experimental ly, d i f fe rs  from that 
which occurs in muscle in v ivo. This discrepancy is a t t r ibu ted  to the 
"unphy r io logi  * a l " state of  SR preparations (E ’x.shi and Endo, 1968).
The ' ates of  uptake of  calcium by the SR have ‘.een discussed by these 
and other authors.

In cer ta in  diseases, the rates of calcium uv.take are affected.
For example, Samaha and Gergely (1969) suggested that the SR is pro­
bably the s i te  where the primary cause of  muscular dystrophy is to be 
found. In Duchenne muscular dystrophy, the i n i t i o i  and to ta l  calcium 
uptake rates and ATPase a c t i v i t i e s  of  the SR are low. In myotonic 
dystrophy, there is high i n i t i a l , and normal to ta l  c& cium uptake.

In another myopathy, malignant hyperthermia, i t  was shown that  the 
rates of ATPase a c t i v i t y ,  i n i t i a l  calcium uptake and to ta l  calcium up­
take by the SR were reduced (Isaacs and Heffron, 1975). The rates of 
ATPase a c t i v i t y  and i n i t i a l  calcium uptake by the SR were found to be 
normal in another pa t ien t ,  whi le to ta l  calcium uptake was halved 
(Isaacs et a l . , 1975).

The rate of calcium uptake by the SR of normal muscle varies ac­
cording to the type of muscle f ib re .  In slow f ib res ,  the rate of up­
take is slower than that in fas t  f i b r e s .

Active calcium transport across the sarcoplasmic reticulum membrane

As was mentioned previously, calcium taken up by the SR becomes 
bound to i t .  Transport of  calcium by the SR from the external solu­
t ion  against a concentration gradient, requires energy. This energy 
is derived from hydrolysis of ATP (Hasselbach and Makinose, 1961; 

Martonosi, 1971), acetyl phosphate (De Meis, 1969; Pucell and Martonosi,
1971) or carbomylphosphate (Pucell and Martonosi, 1971) by transport 
ATPase, which is dependent on membrane phospholipids fo r  i t s  a c t i v i t y
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(Martonosi et a l . ,  1968).

I t  was concluded from experiments on the rate of calcium binding 
by the SR that binding of calcium to the surface of the SR is dependent 
on the presence of magnesium ions and ATP (Ohnishi and Ebashi, 1963, 
1964). Duggan (1977) showed that potassium also stimulates uptake of 
calcium and thus increases the rate of re laxat ion.  I t  has been found 
that  two moles of calcium are accumulated when one mole of  ATP is 
hydrolyzed, whi le one mole of phosphate is l iberated (see review by 
Tada et a l . ,  1978).

Mechanism of coupling between ATPase and calcium transport

Pardee (1968a,b) pointed out that during transport o f  ions, a car­
r i e r  protein has to perform at  least three successive functions.
F i r s t l y ,  i t  has to recognize the spec i f ic  ion amongst the many ot^er 
solutes present in the system, and bind i t .  I t  then has to translocate 
these ions across the membrane (which requires energy) and, f i n a l l y ,  
release the ions and revert to i t s  o r ig ina l  state. These three steps 
w i l l  be described below.

There are two types of ATP hydrolysis which supply energy fo r  the 
act ive transport of  calcium across the membrane. These are the 
calcium-independent (basic ATPase) and the calcium-dependent (extra 
ATPase) ATPase a c t i v i t i e s  (Hasselbach and Makinose, 1962; Inesi et a l . ,  
1976), both of which require magnesium fo r  the i r  ac t iva t ion .

Magnesium ions play at  least two important roles in ATP hydrolysis. 
The f i r s t  is to enhance decomposition of the phosphorylated intermediate 
formed during ATP hydrolysis and the second is to form an equimolar com­
plex with ATP, namely MgATP, which serves as a true substrate fo r  
calcium-dependent ATPase (Vianna, 1975).

Kanazawa et a l . (1971) proposed a scheme fo r  the overal l  calcium- 
magnesium-depenaent ATPase reac t ion , to explain the coupling mechanism 
between ATPase and calcium transport.  At the outer surface of the 

membrane, two moles of  calcium and one mole of MgATP (substrate - as 
mentioned previously) bind in a random sequence to one mole of ATPase 
(enzyme), forming the f i r s t  Michael is enzyme-substrate-calcium complex
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Ca°
(E^g^jp). When the ATP concentration is high, the ATPase reaction is 
accelerated and the ATP acts not only as a substrate but also as a re­
gu la tor ,  con tro l l ing  enzyme a c t i v i t y .  Thus, a s im i la r  (second)
Michael is  complex is formed (E ^? Tp). The formation of a second com­
plex was also found to occur in myosin ATPase (Tonomura, 1973) and 
Na+-K+-dependent ATPase (Tonomura and F"kushima, 1974). Calcium is 
then translocated from outside to inside the membrane when the phos- 
phorylated intermediate (EP) is formed (Kanazawa et a l . ,  1970). A f ter  
th is ,  calcium is  released from the enzyme in to  the in te r io r  of  the 
vesic le , because of reduction in the a f f i n i t y  of the enzyme fo r  calcium 
ions during EP formation; and binding of calcium to the ex t r ins ic  
proteins takes place. At the same time, magnesium, having an in ­
creased a f f i n i t y  fo r  the phosphorylated intermediate, accelerates decom­
posit ion of EP into ADP and phosphate, both of which are l iberated from 
the enzyme to the ex te r io r  of the vesicle (Panet et a l . ,  1971; Inesi 
et  a l . ,  1974). An e f f lu x  of magnesium and potassium is associated with 
the in f lu x  of calcium (Kanazawa et a l . ,  1971). I t  can be seen from the 
above that the formation of  one mole of EP resul ts  in transport of two 
moles of calcium from the outside to the inside of  the membrane, where 
they replace (1+n) moles of magnesium and 2 ( l -n )  moles of potassium, of 
which ont mole of  magnesium is required fo r  the decay of EP (Tonomura, 
1973).

Calcium release from the sarcoplasmic reticulum and ATP synthesis

The results of experiments by Barlogie et a l . (1971) on calcium 
ion e f f lu x  in the presence of ADP, inorganic phosphate, magnesium, and 
a high concentration gradient of calcium ions across the membrane, led 
these authors to suggest that the Ca2+-Mg2'r-dependent ATPase reaction 
of the SR is revers ib le . Al l  the reaction products of calcium accumu­
la t ion  are required fo r  he reverse reaction when calcium is  released 
from the SR (Martonosi et a l . ,  1974). As fo r  calcium uptake, magnesium 
ions act ivate  the reaction (Yamada et a l . ,  1972).

When ADP is added to the calcium-loaded vesicles in the presence of  
magnesium, there is a rapid calcium e f f lu x  and simultaneous synthesis of 
ATP from ADP and inorganic phosphate (Makinose, 1971; Yamada and 
Tonomura, 1 972; De Meis and Carvalho, 1974; De Meis and Sorenson, 1975;
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Oe Meis, 1976). The phosphoprotein formed during ATP synthesis is in ­
dist inguishable from that formed during calcium accumulation. One 

mole of ATP is synthesized fo r  every two calcium ions released from the 
vesicles (Makinose, 1972; Panet and Sel inger, 1972). ATP synthesis 
is energized by the calcium concentration gradient across the membrane. 
Thus, the SR acts as an energy converter which transduces osmotic 
energy in to  chemical energy and vice versa (Yamada et  a l . ,  1972).

Cross-bridge act iva t ion

When calcium is released from the SR, the level of free calcium in 
the sarcoplasm is raised and calcium binds to the m yo f ib r i ls ,  causing 
contract ion to take place because of  the formation of force-generating 
complexes Between actin and myosin.

At free calcium levels above 10™7M or, when the calcium concentra­
t ion becomes high enough to saturate troponin (Fuchs and Briggs, 1968), 
7N-C, which has a high binding a f f i n i t y  fo r  calcium, binds four calcium 
ions and thereby causes a change in the conformational state o f  the 
TN-C molecule (tndo, 1977). This act ivated TN-C binds with TN-I, re­
su l t ing  in reversal of in h ib i t io n  by TN-I o f  ac t in -act iva ted ATP hydro­
lys is  (Hartshorne and Dreizen, 1972; Perry et a l . ,  1972). TN-T binds 
with tropomyosin in a 1:1 ra t io  (Hartshorne and Mueller, 1969; Greaser 
et a l . ,  1972) and is thought to increase the a f f i n i t y  of  TN-C and TN-I 
fo r  the tropomyosin-containing act i , ,  f i lament by providing them with 
addit ional binding sites (Spudich et a l . ,  1972). Thus, TN-I is  bound 
to the act in f i lament not only through i t s  act in-b inding s i te  but also 
possibly by TN-T; whi le TN-C is bound via TN-I and through TN-T to the 
act in  f i lament (Weber and Murray, 1973). I t  is thought that TN-T also 
creates 'ca lc ium -senz i t iv i ty "  by regulat ing the state of act in  accord­
ing to the amount o f  calcium in the sarcoplasm (Eisenberg and Kiel ley, 
1972a; Greaser et a l . ,  1972).

From the above data, i t  is evident that TN-C in i t i a t e s  the con­
t r a c t i l e  reaction by changing the conformational state of  the regula­

tory proteins (Adrian et a l . ,  1976). Troponin does not bind to the 
myosin molecule (Greaser et  a l . ,  1972).
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S l iding f i lament theory

During re laxation, the calcium concentration in the sarcopias: is
low, i . e .  less than 10"7M. At th is  time, the troponin complex is 
bound to ac t in  and tropomyosin in such a way that  the tropomyosin mole­
cule in ter feres s te r i c a l l y  with the binding of  the myosin heads to the 
ac t in  f i lament (Haselgrove, 1972). This prevents ac t iva t ion  of  acto- 
myosin ATPase (H.E. Huxley, 1972), the a c t i v i t y  of  which is low in 
rest ing muscle. Dissociat ion of  ac t in  and myosin is maintained in 

th is  manner.

When calcium is released from the SR and binds to troponin, th is  
in h ib i to ry  e f fe c t  on the c ross-br idge/s l id ing f i lament mechanism is 
removed. The action of  troponin on the tropomyosin molecule a l te rs  
the posi t ion of tropomyosin, thus exposing the act ive act in  s i te  fo -  
the attachment of the HMM S-1 moeity of  the myosin molecule.

The cross-bridges formed by HMM S-1 and S-2 produce the in te r -  
f i lamentary s l id ing  force, doing so by binding several si tes on the 
myosin head sequential ly  with reactive sites on the act in  f i lament 
(A.F. Huxley and Simmons, 1971). These reactive s ites on the act in  
f i lament are arranged in order o f  increasing myosin/act in a f f i n i t i e s .
The S-1 moeity attaches to the f i r s t  s i te  on the act in  molecule and by 
means of ro ta t ion  of the head, the other s i tes attach in sequential 
fashion. The force produced by ro ta t ion  of  the myosin nead on act in 
resu l ts  in s l id ing  of the th ick myosin f i lament fu r the r  towards the 
Z l ine  (H.E. Huxley, 1969; Borejdo et a l . ,  1979; H.E. Huxley et a l ., 
1980). Once the head has f in ished ro ta t ing ,  i t  detaches from the 
ac t in  f i lament. The HMM S-1 moeity then reattaches at another s i te  
fu r the r  along the act in  f i lament.  The cycle of  cross-br id je at tach­
ment, ro ta t ion  and detachment is  repeated, each time increasing the 
overlap between the ac t in  and myosin f i laments and resul t ina in shorten­
ing of  the sarcomere length, which causes the muscle to contract. The 
cross-bridges attach in an asynchronous manner, so that at any instant 
some of them are attached while others are detached, and in the process, 
moving towards the next reactive s i te  on the act in  f i lament. In this 

way, the s l id ing  f i lament mechanism f i r s t  suggested by A.F. Huxley and 
Niedergerke (1954) and H.E. Huxley and Hanson (1954) and, la te r ,  by 
Pringle (1967) and H.E. Huxley (1968), is  produced.
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The actions of the two indiv idual heads of the myosin molecule 
during contract ion and re laxation have s t i l l  to be resolved. I t  has

been reported that the ATPases of the two heads of myosin act equal ly
and independently (Murphy and Morales, 1970; Margossian and Lcwey, 
1973; Gadasi et a l . ,  1974; Cooke and Franks, 1977; Reis ler , 1980). 
In contrast,  a study by Inoue and Tonomura (1976) provided evidence 
that the heads are s t ru c tu ra l l y  and func t iona l ly  d iss im i la r .  Tokiwa
and Morales (1971) stated that they are an in te ract ing  pa ir .  Others
have suggested that the two heads of  the myosin molecule may attach to 
adjacent G-actin subunits in the act in  f i laments (Offer and E l l i o t t ,  

1978).

Takeuchi and Tonomura (1971) concluded that both the 5-1 moeities 
of the double-headed, HMM fragment can combine simultaneously with 
ac t in ,  each with a d i f fe re n t  monomer, whi le Ei senberg and Kiel ley 
(1972b) wrote that only one HMM head binds to ac t in .

Chemical propert ies of cross-bridge a c t i v i t y

The energy required fo r  muscular contract ion is  derived from 
hydrolysis of ATP, mediated by the con t rac t i le  protein actomyosin.
The ATP is not u t i l i z e d  d i re c t l y  to produce cross-bridge force but i n ­
stead dissociates the actin/myosin cross-bridge and prepares the myo­
sin head fo r  reattachment to the act in  molecule. The ATP and ac t in -  
combining propert ies of myosin are associated with the HMM 5-1 com­
ponent. Two competing reactions are involved (Finlayson et  a l . ,
1969; Eisenoerg and Moos, 1970): d issocia t ion of  actomyosin by ATP
hydrolysis; and act iva t ion  of myosin ATPase by a c t in ,  involving 
in teract ion of myosin and act in ,  which is  dependent on the HMM of the 
cross-bridges (Chaplain, 1969; H.E. Huxley, 1969). There is  recent 
evidence that calcium-dependent phosphorylation of myosin l i g h t  chains 
plays a major ro le in regulat ing actin/myosin in teract ion in skeletal 

muscle (BSrSny et_al_., 1980; S tu l l  et a l . ,  1980).

When calcium is  released from the SR, i t s  inf luence on troponin 

and subsequently on tropomyosin (see previous section),  exposes the 
act ive s i te  fo r  the myosin 5-1 head. Owing to an increased a f f i n i t y  
of myosin fo r  ac t in ,  the HMM 5-1 molecule then attaches to the act ive
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s i te  by the act ion of calcium on the troponin and tropomyosin molecules. 
The combination of  act in f i laments with myosin cross-bridges act ivates 
myosin ATPase (Lymn and Taylor, 1970, 1971 ; Taylor et a l . ,  1970; Moos, 
1972), i n i t i a t i n g  hydrolysis of  the MgATP (BSr5ny and BSrSny, 1972), 
which is bound to the ATPase s i te  on the head region of the HMM mole­
cule. Magnesium is the only ion necessary fo r  ATPase a c t i v i t y ,  since 
calcium does not have a d i re c t  inf luence on the con t rac t i le  a c t i v i t y  of 
ac t in  or myosin. Hydrolysis of  MgATP by ATPase is accelerated by 
ac t in  (Eisenberg and Moos, 1970; Bremel et a l . ,  1972) and the free 
energy released is  u t i l i z e d  fo r  the d issocia t ion of  the myosin head 
from the act in f i lament (Leadbeater and Perry, 1963; Lymn and Taylor, 
1971; "Takeuchi and Tonomura, 1971). During hydro lysis, myosin-bound 
ATP is  rap id ly  converted to myosin.ADP.P intermediate (Lymn and Taylor, 
1970, 1971; Bagshaw et a l . ,  1972). I t  is thought that the force

produced during contract ion is dependent on the formation of  a force-
generating complex between actin and myosin.ADP.P intermediate (Weber 
and Murray, 1973). The intermediate is then converted in to the 
enzyme/product complex and ADP and inorganic phosphate are released 
once the head of  the myosin molecule has started to ro ta te . A fter
the head has rotated f u l l y ,  ATP is  again bound to the ATPase s i te  in
the presence of magnesium. This, together with inorganic phosphate, 
causes the myosin cross-bridge to detach from the act in  s i te .  The cy­
cle is repeated. This t rans ient  shortening acts as an intermediate 
step (A.F. Huxley, 1957; Davies, 1963; Podolsky and Teicholz, 1970) 
in the process of  sarcomere shortening ( i . e .  in the s l id ing  f i lament 
mechanism). In rest ing muscle, 90% of myosin is present as 
myosin.ADP.P intermediate and 10% as myosin ATP (Marston and Tr^gear, 
1972). Thus, i t  is  evident that MgATP is required fo r  contract ion 
and relaxat ion.

When the calcium concentration is  low (less than 10"7M), troponin, 
in conjunction with tropomyosin, causes re laxation by reducing the 

act in -act iva ted rate of ATP hydrolysis to about 10 - 20% (Eisenberg and 
Kiel ley, 1970; Weber and Bremel, 1971; Bremel and Weber, 1972); that 
i s ,  80 - 90% of a l l  the act in  monomers become inact ivated (Bremel and 

Weber, 1972). Relaxation does not, however, occur when the concentra­
t ion  of ATP is low (Weber and Winicur, 1961; Weber and Herz, 1963).
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Weber, 1972). Relaxation does not, however, occur when the concentra­
t ion  of ATP is low (Weber and Winicur, 1961; Weber and Herz, 1963).
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Muscle becomes inextensible and r ig 'd  (Bate-Smit" and Sendai 1, ’ 9^7; 
Weber and Portzehl , 1952) and most or a l l  of the myosin heads become 

attacned to act in  (H.E. Huxley and Brown, 1967; K.E. Huxley, 1955; 

M i l l e r  and Trsgear, 1971; H.E. Huxley, 1972). 'h i s  state is known as 
r ig o r  mortis and is the resu l t  of fa i lu re  of  the cross-bridges co de­
tach from the act in f i laments.

A review of the various cross-bridge models has ceen provided cy 
Eisenberg and Greene (1980) who, in addi t ion, proposed a new biochemi­
cal model of  cross-bridge act ion in vivo.

ENERGY - REGENERATN OF ATP

Muscular a c t i v i t y  derives i t s  energy from the hydrolysis of A'P by 
actomyosin, which results  in the formation of ADP and inorganic phos­

phate. Since the concentration of A'P in muscle is  only 2 - 4 mM, i t  
is rap id ly  used up during sustained contract ion. ' re  ADP and inorga­
nic phosphate formed are resynthesized in to  ATP by mitochondria, the 
energy required being supplied by resp ira t ion  through the electron- 
transport ~echanism.

During contract ion, glycogen is converted into pyruvic acid via 
the Embden-Meyerhof g lyco ly t ic  cycle, which takes place in the sarco- 
piasm. .n the g lyco ly t ic  cycle, NAD (oxidized nicotinanide-adenine 
dinucleotide) is  the hydrogen c a r r ie r ;  and in the presence of oxygen, 
NADH (reduced nicotinamide-adenine dinucleot ide) transfers i t s  hydrogen 
and two extra electrons to the cytochrome chain in the mitochondrion.

'he end product of g lyco lys is  under aerobic condit ions is  pyruvic 
acid. ' h i s ,  a f te r  entering the mitochondrion, f i r s t  combines with 
coenzyme A and then proceeds, via the Krebs t r ica rbo x y l i c  acid ( c i t r i c  
acid) cycle, to produce carbon dioxide and hydrogen. The l a t t e r ,  in 
combination with hydrogen from NAD , -s transferred to the cytochrome 
chain; and in the presence of oxygen and the electrons from NADH, 
water is formed. ATP is regenerated by rephosphorylation of  ADP by an 

energy-rich phosphagen compound, creatine pnosphate. This reaction is
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thought to occur in three steps along the cytochrome chain. ADP 
released during a c t i v i t y  act ivates oxidative phosphorylation, which 

continues un t i l  ATP and phosphocreatine have been restored to th e i r  
rest ing leve ls. In th is  manner, the levels of ATP in muscle are 

maintained.

HEAT

During contract ion and re laxation of  muscle, heat is  produced.
Heat l iberated during the con t rac t i le  process is known as I n i t i a l  heat 
(which is heat of  ac t iva t ion and maintenance, heat of  shortening and 
heat of  re la xa t io n ) . Heat of  ac t iva t ion and maintenance is caused by 
chemical processes which change the muscle from a relaxed to an act ive 
state; and i t  is  produced i r respect ive of whether or not muscle short ­
ening occurs. Heat of shortening is l iberated pa r t ly  as a resu l t  of 
transformation of  energy from the chemical in to  mechanical form 

( i .e .  most l i k e l y  by energy produced by the cross-bridges, as act in 
and myosin f i laments s l ide  over one another). Heat is formed in th is  
manner only i f  muscle shortening takes place during contract ion.  Heat 
of re laxation is  produced from potential  energy formed during contrac­

t ion of muscle. This is  a physical process and not a chemical one.

Once contract ion and re laxation have occurred, heat of recovery 
is produced as a resu l t  of the chemical sequences of  recovery, the 
main process being resynthesi iat ion of ATP. Liberat ion of recovery 
heat i s ,  therefore, largely  dependent on ox ida t ion . As a consequence, 
most heat of recovery is not produced in the absence of oxygen, only 
5% resu l t ing  from anaerobic metabolic processes. The amount of re ­
covery heat generated is roughly equivalent to that of  i n i t i a l  heat.

A detai led descr ipt ion of heat production and a review of  previous 

l i t e ra tu r e  has been provided by H i l l  (1965).
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MUSCLE TENSION

In the s l id ing  f i lament mechanism of muscular contract ion,  i n d i ­
vidual sarcomeres shorten because of  the force produced by the action 
of the cross-bridges on act in f i laments , which resul ts  in i n t e r d ig i - 
ta t ion  of ac t in  and myosin f i laments . The force produced in th is

manner is known as muscle tension.

When tension is  plotted graphical ly  as a function of sarcomere 
length, i t  is  found that tension increases 1inear ly  with decreasing 
sarcomere length ( i . e .  tension increases proport iona l ly  as the number 
of in teract ing cross-bridges -increase). Once maximum tension caused 
by the contract ion process has been atta ined, i t  remains at  th is  high 
level un t i l  the free ends of two actin f i laments meet. As fu r the r  
shortening of  the sarcomere occurs, the two actin  fi laments overlap, 
resu l t ing in a decrease in tension. This overlapping of the th in 
f i laments in te r fe res  with the formation of cross-bridges between th ick 
and th in f i 'aments , causing a rapid decl ine in tension. Tension de­
creases even more rap id ly  when shortening proceeds beyond the point at  

which myosin f i laments crumple up against the Z l ine  (Fig. 2).

When a f ib re  is stretched to such an extent that the act in  and 
myosin f i laments are unable to in te rd ig i t a te  at  a l l ,  st imulat ion w i l l  
not produce tension beyond the passive e la s t ic  tension of the rest ing 
s ta te, owing to i n a b i l i t y  of myosin f i laments to form cross-bridges 
with act in .

As a muscle contracts, the number of myosin cross-bridges that can 
in te rac t  with act in  f i laments increases l in ea r ly  according to the d is ­
tance of f i lament overlap. Thus, the tension is proport ional to the 
amount of overlap of  the two f i laments . The in teract ion of each 
cross-bridge with the act in f i lament resul ts  in an increment in tension, 
so that the to ta l  tension produced b) . sarcomere is proport ional to the 
number of cross-bridges that in te rac t  with act in  f i laments (A.F. Huxley 
and Niedergerke, 1954). As regards the length/ tension re la t ion ,  i t  has 
been shown that muscles with longer sarcomeres ( i . e .  actin/myosin f i l ­
aments) develop greater tensions; and as a resu l t ,  the ve loc i ty  of 
shortening is more rapid. Maximum tension is independent of the
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Figure 2a. The l e n g t h / t e n s i o n  curve fo r  an isolated frog muscle
f .b re ,  showing the re la t ion  between f i lament overlap 
and con t rac t i le  force. (From Gordon e^_al_., 1966,

Figure 2b. C r i t i c a l  stages in the overlap between actin and myo- 
sir, f i laments,  as a sarcomere shortens. The f i r s t  
diagram in the series is a schematic representation 

of f i laments, giving the symbols used fo r  relevant 

morphological features. (From Gordon 196b)
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number of sarcomeres in ser ies , but does increase propor t iona l ly  with 
the number of  myof ib r i ls  working in p a ra l le l .  Consequently, a th ick 

muscle can l i f t  a heavier load than a th in  muscle, i r respect ive of i t s  
length.

Muscle not only has a con t rac t i le  compc ;nt (the sarcomeres),  but 
also a non-contrac t i le , e las t ic  component. The la t t e r  includes the 
sarcolemma, connective tissue and other non-contract i le material 

pa ra l le l  to the con t rac t i le  elements; as well as tendons, connective 
tissue attaching muscle f ib res to tendons, the cross-bridge l in ks ,  and 
Z- l ine materia l,  a l l  joined in series with the m yo f ib r i ls .  The four 
las t  mentioned are c o l le c t iv e ly  referred to as the series e la s t ic  com­
ponents (SEC). When the sarcomeres contract , the SEC are stretched 
while tension is  developed. This stretching of the SEC retards the 
development of tension in the muscle and accommodates fo r  the abrupt 
changes in cross-bridge a c t i v i t y .  Once the tension in the SEC equals 
the weight of  the load to be l i f t e d ,  external shortening occurs.

MECHANICAL PROPERTIES OF MUSCLE

Contraction can be expressed in two d i f fe re n t  ways: e i ther  in
terms of tension or in terms of shortening. Two types of  mechanical 
recording are used to measure a c t i v i t y  occurring in the con t rac t i le  
system. When a contract ing muscle is maintained at a constant length, 
tension is developed and th is  is measured by means of  a s t ra in  gauge or 
some other form of tension recorder. Although no v is ib le  external 

shortening of the muscle occurs, there is  a small degree of internal 
shortening caused by stretching of e la s t ic  components in series with 
the muscle f ib res .  This is  cal led an isometric contract ion. The 
duration of th is  type of contract ion varies in d i f fe re n t  skeletal 
muscles. When the other method of recording a c t i v i t y  is  used, the 
tension remains constant, and changes in muscle length are measured as 

the muscle contracts against a load. This is known as an isotonic 
contract ion.
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CLASSIFICATION OF FIBRE TYPES

Almost a l l  skeletal muscles are composed of two main types of
f ib re  which are present in about equal numbers and d is t r ibu ted  in a
"chequer-board" pattern. These are f ib res of small diameter, type 1

(slow twi tch) f ib res ;  and those with a large diameter, type 2 ( fas t
tw i tch)  f ib res .  Type 2 f ibres are fu r the r  sub-divided in to  2A, 2B and 
2C f ib res .  These are easi ly  dis t inguishable from each other by th e i r  
d i f fe re n t  histochemical reactions (described la te r ) .  Slow and fas t  
twitch f ibres are often referred to as red end white f i b r e s , respec­
t i v e ly .  This is because there is an abundance of a reddish prote in , 
myoglobin, in red f ib res and a re la t i v e ly  low content of  myoglobin in 
white f i b r e s .

The ra t io  of red to white f ibres in a muscle determines the over­
a l l  function of the muscle; that  i s ,  whether i t  is a slow-acting or a 
fas t -ac t ing muscle. Thus, muscles composed predominantly of  type 1 
f ib re s ,  such as those required to maintain posture, are capable of sus­
tained contract ion over prolonged periods of t ime. Type 2 f ib re s ,  on 
the other hand, are more suited to short,  rapid bursts of a c t i v i t y  and 
fat igue re la t i v e ly  quickly with continuous a c t i v i t y .  Recent studies 
have revealed in terest ing dif ferences in the rate o f  shortening, as 
well as in the rate of  tension development in calcium-activated slow 
and fas t  twitch f ibres (Stephenson and Forrest, 1980).

During sustained contract ion, large amounts of energy are required. 
For th is  reason, red f ib res  are r i c h ly  supplied with ca p i l la r ie s  and 
the sarcoplasm contains large numbers of mitochondria, located along 
the periphery of  the f ib res  and between m yo f ib r i ls .  White f ib res  have 
re la t i v e ly  few mitochondria and far fewer cap i l la r ie s  supplying them. 
Thus, type 1 f ib res  receive energy mainly t vom oxidative metabolism 

(Krebs cycle),  whi le type 2 f ibres depend mainly on the aerobic metabo­
lism of the g lyco ly t ic  pathways for  the i r  energy, i . e .  glycogen acts as 
an energy substrate (Brooke and Kaiser, 1970).



HISTOCHEMICAL PROPERTIES OF FIBRE TYPES

During the past two decaoes, development of  new histochemical tecn- 

niques which demonstrate the enzyme systems at  a cytological  l e v e l , have 
provided a better understanding of pathological disorders associated 
with various muscular diseases. D i f fe rent  methods of c lass i fy ing  mus­
cle f V  -e types have been employed but the nomenclature used in the en­
suing chapters w i l l  be according to t  vo f ib re  type system described 
by Dubowitz and Brooke (1973), who adopted a histochemical approach to 

the c lass i f i c a t io n  of f i b r e s .

Histochemical ly, type 1 f ib res  exh ib i t  high a c t i v i t y  with oxidative 
enzymes such as reduced nicotinamide-adenine dinucleotide-tetrazo l ium 
reductase (NADH-TR), owing to the presence of large numbers of mitochon­
dr ia .  These f ib res  show less a c t i v i t y  when techniques to demonstrate 

phosphorylase are used. Type 2 f ib res ,  on the other hand, are d e f i ­
c ient in Krebs cycle oxidative enzymes but have a high phosphorylase 
content, as veil as of  other enzymes linked with the g lyco ly t ic  cycle. 
This has been described by Dubowitz and Pearse (1960) as a "reciprocal 
re la t ionship  between phosphorylase and oxidative enzyme content".  The 
routine, m y o f ib r i l la r  ATPase (pH 9.4) reaction is an a l te rna t ive  method 
often used fo r  histochemical id e n tn ic a t io n  of the two f ib re  types 
(Engel, 1962, 1970). Type 1 f ib res  have a l i g h t  appearance (weak re­
act ion) when stained in th is  way, while type 2 f ib res  are dark in colour 
(strong reac t ion ) . This is the reverse reaction to that which occurs 
when muscle is stained with NADH-TR. The ATPase stain has an advantage 
in that i t  can also be used to ide n t i fy  the subgroups of  type 2 f i b r e s , 
by a l te ra t ion  of the preincubation pH's (Brooke and Kaiser, 1970). At 
pH 4.6 or less, type 2A f ib res  react weakly, a t  pH 4.3 or less, type 
2B f ib res  are weakly reacting; and at  both pH 4.6 and 4.3, type 2C 

f ib res  react strongly (Table 1).

The st ructura l and histochemical dif ferences between type 1 and 
type 2 f ib res  have been described and tabulated by Dubowitz (1968) and 

Dubowitz and Brooke (1973).
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Table 1. Histochemical reactions of  human muscle. Diagram­
matic representation of the in tens i ty  of the h is to ­
chemical reaction in d i f fe re n t  f ib re  types. 
(Modified from Brooke and Kaiser, 1974)



35

MUSCLE FIBRE TYPE 1
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HISTOLOGICAL STAINING METHODS

Histological  stains at used to demonstrate the morphology of mus­
cle f ib re s ,  the non-contract ' le  comp nents in muscle and abnormal s truc­
tures. Staining methods are ei her "regressive or regressive, or a 
combination of these. With progressive s ta in in g , the specimen is 
stained to the desired colour. With regressive methods, the t issue is 
f i r s t  overstained and then excessive stain is  removed in a substance 
which dissolves the dye. D i f fe ren t ia t ion  is complete when a sa t is fac ­
tory amount of s ta in  is l e f t  in the t issue. The three methods of s ta in ­
ing that  were rou t ine ly  used in th is  study fo r  biopsy specimens were 
haematoxylin and eosin (H & E), modified Gomori trichrome and periodic 
acid Sch i f f  (PAS). The PAS stain demonstrates the presence of glycogen. 
The periodic acid oxidizes 1:2 glycol groups, forming dialdehydes which 
react with S ch i f f 's  reagent to produce a reddish-purple sta in . Because 
the PAS stain also gives a posi t ive reaction with other polysaccharides, 
neutral mucopolysaccharides, muco- and g lyco-pro te ins, g lyco l ip ids  and 
some unsaturated l ip id s  and phospholipids, the s p e c i f i c i t y  of i t s  re ­
action fo r  glycogen can be checked by using a control method with d ia­
stase (sal iva) or ct-amylase digest ion. Sections stained with H & E or 
modified trichrome demonstrate muscle f ib re  re la t ionships and var iat ions 
in ind iv idual muscle f ib re  size. A crude approximation of the results 
of  enzyme histochemistry fo r  determination of f ib re  type can also be 
made in th is  way. With both s1 ning methods, type 1 f ib res  sta in more 
deeply than type 2 f ib res .

HISTOCHEMICAL REACTIONS

Histochemical techniques are used to demonstrate spec i f ic  chemical 
properties at various s ites in muscle. The d i f fe re n t  enzyme reactions 
reveal a rec ip roc i ty  in staining of ind iv idual  f ib re  types and from th is  
the select ive f ib re  type involvement in cer ta in diseases can be deter­
mined (Brooke and Kaiser, 1974j .  Other features such as various s truc­
tural changes in muscle, the absence of a spec i f ic  enzyme or an excess
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or d e f i c i t  of a certa in storage product can also be revealed by h is to -  
enzymatic methods. Most enzyme histochemical reactions show one of 
two patterns: the m y o f ib r i l l a r  pattern as revealed by the routine
ATPase reaction; or the in te rm y o f ib r i l i a r  network pattern as demon­

strated in the oxidat ive enzyme reactions.

Histochemical information used in th is  study fo r  the in te rp re ta ­

t ion of muscle biopsy material was derived mainly from the NADH-TR, 
phosphorylase and ATPase reactions. When the mitochondrial NADH-TR 
oxidative enzyme procedure is used, te trazol ium, a soluble, r e la t i v e ly  
colourless substance under normal condi t ions, is reduced to form an in ­
soluble, intensely coloured formazan compound which is deposited at the 
s i te  of enzyme a c t i v i t y  (Pearson and M osto f i , 1973). As in oxidat"!ve 
enzyme reactions, phosphorylase also demonstrates the in te rm y o f ib r i l ia r  
network. Muscle sections are incubated in a so lut ion containing 
glucose-1-phosphate, which resul ts  in glucose units being added on to 
pre-exis t ing glycogen in the t issue. This reaction is dependent on 
the amount of phosphorylase present in t '  3 muscle. The routine ATPase 
reaction is carr ied out at pH 9.4 and i r local ized to the m yo f ib r i ls ,  
becoming essent ia l ly  a myosin ATPase reaction. Under the inf luence of 
the enzyme ATPase, phosphate is produced from ATP, the former combining 
with calcium to form calcium phosphate, which is precip ita ted at  the 
s i te  of enzyme a c t i v i t y .  Calcium is then exchanged fo r  cobal t,  r e s u l t ­
ing in the formation of black, insoluble cobaltous sulphide by the ac­
t ion of ammonium sulphide (Dubowitz and Brooke, 1973). During the 
complex se res  of reactions involved in th is  process, the in te rmyofibr i  1- 
la r  network is dissolved out of the section by the act ion of calcium on 
the dry t issue (Brooke and Kaiser, 1969). When the pH oi the preincu­
bating solut ion used for  the ATPase reaction is altered to 4.6 and 4.3, 
the in te rm y o f ib r i l i a r  network is well demonstrated. S im i la r ly ,  i f  the 
muscle sections are preincubated in an ethylenediaminetetra-acetic acid 
(EDTA) solu t ion, the m y o f ib r i l l a r  network is preserved. This resul ts  
in reversal of the ATPase stain ing pattern in the muscle f ibres (Drews 
and Engel, 1966).
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ELECTRON MICROSCOPY

The electron microscope has contributed to diagnosis by reveal ing 
subcel1ular structures net v i s ib le  under the l i g h t  microscope. Elec­
tron microscopy does, however, have cer ta in  l im i ta t ions .  In view of 
the increased magnif ication and resolut ion gained with use of electron 

opt ics,  as well as the time-consuming nature of preparation, only small 
volumes of t issue can be e f fe c t i v e ly  examined. This can create samp­
l ing and in te rpre ta t ion  re s t r i c t io n s .  Another problem encountered is 
that muscle reacts to disease processes in a l im i ted number of ways, 
and consequently the changes that are observed with the electron micro­
scope are non-specif ic. However, when considered together with obser­

vations made with the l i g h t  microscope, the addit ional subcel lu lar 
information enlarges the perspective of s t ructura l  changes, resu l t ing 
in an improved a b i l i t y  to d i f fe re n t ia te  between and c lass i fy  disease 
e n t i t i e s .

ELECTROMYOGRAPHY AND NERVE CONDUCTION VELOCITY TESTS

Electromyographic ( EMG) studies demonstrate the coordination of 
muscles and are used to nvestigate and record the in t r in s i c  e le c t r ica l  
propert ies of  muscle. 'uscles are examined at res t ,  during minimal 
a c t i v i t y  and during maximal contract ion.  The amount o f  a c t i v i t y  that 
occurs in the contract ing muscle is recorded on a cathode ray o s c i l l o ­
scope screen and on a continuous-str ip photographic recording device.
An auditory e le c t r ica l  response is  obtained by means of a loudspeaker 
attachment which acts as a transducer. EMG is non-specif ic in so fa r  
as i t  only categorizes muscle in to  one o f  three groups: ;rmal, myo­
pathic or neuropathic; and i t  cannot demonstrate the type of myopathy 
or s i te  of the denervating process. I t  may, however, reveal spec i f ic  
changes such as those which occur in myotonia and myasthenia gravis.

Another appl icat ion of  electromyography in the study of  neuromus­
cular function is by means of nerve conduction studies. This technique
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was introduced by Harvey and Masland (1941) and is  used to compare ne^ve 

conduction ve loc i t ies  in normal and abnormal peripheral nerves. I t  is 
p a r t icu la r ly  valuable in the diagnosis of peripheral neuropathies, where 
the conduction ve loc i t ies  may be reduced to almost ha l f  the normal ra te . 
A special ized knowledge of  normal conduction values is  essentia l ,  owing 

to the ef fec ts  of  numerous, var iable physical factors such as age, sex, 
temperature, drugs, alcohol,  ind iv idual va r ia t ion  and f luc tua t ion  in 
conduction ve loc i t ies  in d i f fe re n t  peripheral nerves. Consequently, 
th is  technique can only be e f fe c t iv e ly  used and interpreted by an ex­

perienced operator.

Electromyography and nerve conduction studies are discussed in 

deta i l  by Basmajian (1974) and Smorto and Basmajian (1979).
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Eighty-three patients were f u l l y  assessed by the author and muscle 
tension studies were carr ied out on samples of muscle from a l l  of them.

Th ir ty  patients with various neuromuscular disorders were selected 
from among those being treated by Or H. Isaacs at  the Universi ty of  the 
Witwatersrand C l in ica l  Neuromuscu. j .  Research Uni t.  The conditions 
included d i f fe re n t  forms of spinal muscular atrophy, myasthenia gravis, 
Charcct-Marie-Tooth disease (peroneal muscular atrophy), malignant 
hyperthermia and s t i f f  man syndrome. These t h i r t y  patients were re le ­
vant to the present report and are discussed in th is  d isser ta t ion .
The patients were from various parts of  South Afr ica.

Owing to the s im i la r i t y  of  the c l in i c a l  patterns in muscular dys­
trophies, some neurogenic atrophies and cer ta in myopathies, every case 
was f u l l y  consi.' in order to establ ish the exact diagnosis and so 
that  an appropriate prognosis could be given. This entai led four 
l ines of invest igat ion:  a detai led examination and obtaining of the
neurological h is tory (Appendix 1), serum enzyme tests ,  electromyogra­
phic studies and muscle biopsy, the l a t t e r  followed by muscle tension 
studies and by h is to log ica l ,  histochemical and electron microscopic 
examination.

The level in serum of  the enzyme creatine phosphokinase (CPK), 
which leaks out of muscle during certa in disease processes, such as 
occur in degenerative myopathies, was used fo r  the purpose of providing 
prel iminary diagnostic information. The tests were conducted by 
various pr ivate  laboratories in Johannesburg. EMG and nerve conduc­
t ion studies were carr ied out and evaluated by Dr Isaacs at  the Neuro­
muscular Research Laboratory, one week p r io r  to biopsy. Concentric 

b ipolar needle electrodes were used and the resul ts  recorded on a 
Disa 3-channel Electromyograph.

BIOPSY PROCEDURE

All muscle biopsies were carr ied out by Dr Isaacs at the Princess 
Nursing Home in Johannesburg. Patients were instructed to discontinue
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any medication fo r  a period of one week p r io r  to biopsy.

The s i te  fo r  biopsy was chosen according to the severi ty  of  

disease in the limbs. Muscle that was moderately affected was se lec t ­
ed, since i t  is  d i f f i c u l t  to det. mine the nature o f  the pathological 
process in muscle with advanced disease or with minimal involvement. 
Areas where intramuscular in jec t ions had been given or EMG studies had 
been done were avoided, in view of the fac t  that a focal myopathy with 

inflammatory cha rac te r is t ics  is normally caused by these in trus ions.

Local anaesthesia was used in most cases although in a few instan­
ces involving chi ldren, general anaesthesia was necessary. The skin 

and subcutaneous tissue in the v i c i n i t y  of the biopsy s i te  was i n f i l ­
trated with 1% lignocc.ine (without adrenal ine ). A longitud inal  
inc is ion  or approximately 4.5 cm was made in the skin overlying the 
muscle. The skin was retracted and the fascia incised to expose the 
muscle bel ly . A cy l inder of muscle measuring about 2.5 cm in length 
by 0.75 cm in width was removed by placing a suture at  e i the r  end and 
then iso la t ing  the s t r ip  of muscle by sharp dissection with a scalpel,  
fol lowed by detachment underneath, using e i ther  scalpel or scissors. 
Immediately a f te r  removal, the specimen was stretched on a wooden 
tongue depressor by securing the sutures over the s p l i t  ends of  the 
spatula. A gauze swab wetted with sal ine was wrapped around the 
samp:e to keep i t  moist in preparation fo r  enzyme histochenrcal tests . 
Another s t r ip  of  muscle of  s im i la r  size fo r  muscle tension studies was 
then removed in the manner described above. This was placed d i re c t l y  
into a bott le  containing Krebs solut ion. A th i rd  specimen, measuring 
approximately 2.5 cm by 0.25 cm, was removed using an isometric clamp.
The muscle was kept in the clamp fo r  90 seconds a f te r  removal to pre­
vent i t  from contract ing,  a f te r  which i t  was taken out of  the clamp and 
f ixed a t  room temperature in 5% glutaraldehyde in phosphate buffer  
(pH 7.2 ) , for  electron microscopy. Following muscle biopsy, the fas­
c ia l  layers were sutured with absorbable material to prevent muscle 

herniat ion and the skin reapproximated using interrupted sutures. The 
st i tches were removed seven days fol lowing biopsy.
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HISTOLOGY AND HISTOCHEMISTRY

Preparation of specimens

The stretched muscle specimen was removed from the spatula as soon 
a f te r  biopsy as possible and cut in to  small pieces (about 2 mm by 6 mm 
in s ize).  Muscle that had been damaged by forceps or sutures was d i s ­
carded. The trimmed pieces of muscle were orientated accordingly fo r  
the cut t ing of transverse and longi tudinal  sections and mounted in 10% 
tragacanth gum, d i r e c t l y  on to a microtome chuck. A beaker containing 
isopentane was cooled to about -160°C by immersing i t  in a Dewar f lask 
of l iq u id  nitrogen. The chucks with the embedded specimens were then 
immersed in the isopentane fo r  a few seconds un t i l  frozen and placed in 

a cryostat at  a temperature of  -15°C to -2t3°C u n t i l  sectioning was 
carr ied out.

Cryostat sectioning

Serial sections were cut at 10 pm in a cryostat.  Sections were 
picked uo on gla^s microscope sl ides fo r  purposes of h is to logy, and on 
covers!ips fo r  histochemical s ta in ing. Ten sl ides were made, eight 
having transverse sections of  muscle and two with longi tudinal  sections. 
A l l  those used fo r  histochemical tests were cross sections.

Staining techniques

The frozen muscle sections on covers l ip s  and sl ides were stained 
according to standard procedures but with s l ig h t  modif icat ions. De­
t a i l s  a re , therefore, given below. A l l  routine biopsy t issue was 
deal t with by Miss M. Badonhorst. Other (experimental) biopsy
material was used by the author.

Haemctoxylin and Eos in

(3 sl ides - 2 with transverse sections; 1 with longi tudinal  sections)

Haematoxylin (modified Mayer's)

50 g ammonium or potassium alum 
2 g haematoxylin 

50 g chloral hydrate
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1 g c i t r i c  acid
0.4 g sodium iodate

1000 ml d i s t i l l e d  water
Dissolve each in the d i s t i l l e d  water in the above sequence.

* Eosin/'Erythrosin stock

8 g eosin
2 g erythrosin

1000 nil d i s t i l l e d  water

Working solut ion

20 g calcium chloride 
250 ml stock so lu t ion*
750 ml d i s t i 1 led water

a. Stain with modified Mayer's haematoxylin -or 5 :nin.

b. Wash in tap water.
c. Flood sl ide with 1« eosin fo r  3 min.

d. Rinse in tap water.
e. Dehydrate rap id ly  in ascending alcohols.
f .  Clear in xylene and mount in DPX.

Modified Gomori trichrome

(3 sl ides - 2 with transverse sections; 1 with longi tudinal  sections) 

Mouified Gomori trichrome

3 g chromotrope 2R
1.5 g fa s t  green

3 g phosphotungstic acid
5 ml g lac ia l  acetic acid 

500 ml disci l ied  water
Adjust to pH 3.4 with IN NaOH.

a. Fix in 5% acetic ethanol (pH 3.4) fo r  10 min.
b. Wash in d i s t i l l e d  water.
c. Stain with haematoxylin fo r  3 min.
d. Rinse three times in d i s t i l l e d  water.
e. Stain with modified uomori1s trichrome fo r  20 min.

f . Rinse twice in 0.2% acetic acid fo r  5 min.
g. Dehydrate through alcohols to xylene and mount in DPX.
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Periodic Acid Sch i f f  (PAS) technique fo r  glycogen

(4 sl ides - 4 with transverse sections)

S c h i f f ' s  reagent

1 0  g basic fuchsin 
19 g sodium metabisulphite 
15 ml hydrochloric acid 

1 0 0 0  ml d i s t i l l e d  water

Shake in te rm i t te n t ly  for  2 - 3 h. Add approximately 5 g act ivated 
charcoal. Shake well and f i l t e r .  Solution must be clear. I f  
so lut ion is yel low, add more charcoal; i f  pink, add a few drops 
concentrated hydrochloric acid.

a. Fix in 5% acetic ethanol fo r  10 min.
b. Wash in d i s t i l l e d  water.

c. Incubate two sl ides with sal iva fo r  10 min a t  37°C (control s l i d e s ) .
d. Place a l l  sl ides in 0.5% periodic acid (aqueous) fo r  5 min.
e. Rinse in d i s t i l l e d  water.
f .  Stain in Sch . f f 's  reagent f o r  20 min.
g. Rinse in d i s t i l l e d  water.
h. Stain with haematoxylin fo r  3 - 4  min.
i .  Wash well in tap water.
j . Dehydrate in ascending alcohols to xylene and mount in DPX.

NADH-tetrazoliun reductase

( 2  covers l ips  with transverse sections)

NAD stock solut ion

1 g polyvinyl pyrrol idon (PVP)
2.5 ml MIT (3 - (4 ,5-d imethy l- th iazc ly i -2)-2 ,5-d ip ! ieny l  tetrazol ium

bromide)
?.5 ml t r i s  buffer (pH 8  -  12.5 ml t r i s ,  15 ml IN hydrochloric acid

and 30 ml d i s t i l l e d  water)
0.3 ml 0.5M cobaltous chloride
4.7 ml d i s t i l i e d  water

Adjust to pH 7.0 with t r i s  buffer pH 12.
Store in freezer.

Incubating solut ion

1 ml NAD stock solut ion
6  mg NAPH
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a. Place 0.1 - 0.2 ml incubating solu t ion on covers! ips in a petr i  dish.
b. Incubate fo r  1\ h at 37°C.
c. Fix in 10% formal calcium fo r  5 - 3 0  min.
d. Rinse in d i s t i l l e d  water.
e. Mount in glycerine j e l l y .
f . Seal sides of  covers! ips with clear nai l  varnish.

Phosphorylase

(2 coversl ips with transverse sections)

Stock solut ion

50 mg glucose-1-phosphate 
10 mg adenosine-5-phosphato 
2 mg glycogen 

10 ml veronal bu f fe r*  (pH 5.6 - 6.0)
15 ml d i s t i l l e d  water

1 drop insu l in  (20 un i ts /ml)

*Veronal buf fer

5 ml veronal acetate 
8 ml 0 . IN hydrochloric acid 

12 ml d i s t i l l e d  water
Adjust to pH 5.6 - 6.0.

Incubating solut ion

8 ml stock solut ion
2 ml ethanol

Formal chloral hydrate

0.5 g chloral hydrate 
50 ml formaldehyde 

450 ml d i s t i l l e d  water

a. Incubate sections fo r  1J h a t  37°C in incubating solut ion.
b. Rinse in 40% alcohol.
c. Rinse in d i s t i l l e d  water.

d. Dry fo r  a few minutes in oven at 37°C.
e. Fix in ethanol fo r  3 min.
f .  Stain in d i lu te  Gram's iodine (d i lu ted 1 ml in 10 ml) fo r  3 min.
g. Fix in formal chloral hydrate fo r  30 s.
h. Blot and leave to dry.
i .  Clear in xylene and mount in DPX.
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Adenosine triphosphatase

(8 covers!ips with transverse sections)

Dry a l l  covers!ips fo r  3 h or overnight in Columbia ja rs  to prevent 
p rec ip i ta te  forming.

2 covers!ips fo r  each of  the fo l lowing:

i )  pH 9.4

Incubating solut ion

3.8 mg adenosin e - 5 - t r i phosphate (no sa l t )
2.5 ml 0.18M calcium chloride (1.998 g/100 ml)
5.0 ml 0.1M sodium barb iturate  (2.062 g/100 ml)

0.75 ml d i s t i l l e d  water

Adjust to pH 9.4 with 0.1N NaOH.

a. Preincubate a t  room temperature in 0.1&M calcium chloride fo r  15 min
b. Rinse in d i s t i l l e d  water.

c. Incubate sections in incubating solut ion fo r  45 min at  37°C.
d. Wash well in d i s t i l l e d  water.

e. Place in 2% cobalt chloride fo r  3 min.

f .  Wash in several changes of d i s t i l l e d  water fo r  3 min.

g. Place in d i lu te  so lu t ion ammonium sulphide (4 drops/10 ml H20)

h. Rinse under running tap fo r  5 min.

i .  Dehydrate through alcohols to xylene and mount in DPX.

i i ) pH 4.6 and pH 4.3

Incubating medium (ATP)

20 mg ATP sodium sa l t  
2 ml 0.1M sodium barb i tu rate  
1 ml 0.18M calcium chloride 
7 ml d i s t i l l e d  water

Adjust to pH 9.4 with 0.1N NaOH.

a. Preincubate at  room temperature in veronal bu f fer  at  pH 4.6 and
pH 4.3 fo r  15 min.

b. Incubate in ATP medium fo r  45 min at  37°C.

c. Treat with 1 To calcium chloride fo r  10 min.
d. Stain with 2% cobalt chloride fo r  3 min.

e. Rinse 4 - 3  times in 0.01M sodium barb iturate .
f .  Rinse three times with d i s t i l l e d  water.



g. Develop in d i lu te  ammonium sulphide fo r  30 s.

h. Wash well in tap water.
i . Dehydrate through alcohols to xylene and mount in DPX.

i i i ) ATP/EDTA (reversal pattern o f  ATP pH 9 .4 )

ATP incubating solut ion

15 nig ATP sodium sa l t
1 ml 0.18M calcium chloride (1.998 g/100 ml)
2 ml 0.1M sodium barb iturate  (2.062 g/100 ml)
7 ml d i s t i l l e d  water

Adjust to pH 9.4 with 0 . IN NaOH.

^reincubation solut ion

0.0584 g EDTA
20 ml d i s t i l i e d  water
Adjust to pH 4.35 with acetic acid.

a. Preincubate a t  room temperature in EDTA so lu t ion fo r  15 min.
b. Wash in ATP incubating solut ion (without ATP added) fo r  3 min.
c. Incubate in ATP medium at  37°C fo r  30 min.
d. Rinse in 2% calcium chloride fo r  3 min.
e. Rinse in d i s t i l l e d  water.
f . Place in 2% cobalt chloride fo r  3 min.
g. Rinse three times in d i s t i l l e d  water fo r  3 min.
h. Develop in d i lu te  ammonium sulphide fo r  30 s.
i .  Wash under running tap .
j .  Dehydrate in ascending alcohols, clear in xylene and mount in DPX.

ELECTRON MICROSCOPY

Techniques of f i x a t io n  and t issue preparation

Af te r  removal of t issue from the pa t ien t ,  the muscle was placed 
d i r e c t l y  into 5% glutaraldehyde in phosphate buffer and l e f t  fo r  1 h at  
room temperature. 0 .1M phosphate buffer (pH 7.2) is  made by combining
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the fo l lowing:

14 ml 0.1M sodium dihydrogen phosphate (NaHzPO.,);
36 ml 0.1M disodium hydrogen phosphate (NazHPCU);
50 ml d i s t i l l e d  water.

1. Cut specimen in to  small pieces (not larger than 1 x 1 x 1 mm) and
f i x  fo r  fu r the r  2 h in 5% glutaraldehyde in phosphate buffer .

2. Wash in phosphate buffer three times fo r  5 min each time.
3. Pos t- f ix  in 1% osmium tetrox ide in phosphate buffer f o r  2 h.

4. Wash in buffer three times fo r  10 min each t ime.
5. Dehydrate in ascending alcohols of 50%, 70%, 80% and 90% fo r  1 % min

in each and f i n a l l y  in 100% alcohol fo r  15 min repeated twice.

6. Clear in propylene oxide fo r  30 min.
7. I n f i l t r a t e  with propylene oxide/resin (1:1) fo r  1 h.
8. I n f i l t r a t e  with resin overnight.

Res i n : 15 ml a ra ld i te  M 
25 ml Epon 812 
55 ml DDSA 
3 ml d ibuty l phthalate

9. Transfer to fresh resin with DMP 30 added and leave fo r  24 h gt  room
temperature, followed by embedding and a fu r the r  48 h at 60 C.
(DMP 30 is added to resin j u s t  before use - 1 drop DMP 30 per 1 m. 
resin, plus 1 drop DMP 30 fo r  each 5 ml resin)

10. Sections are cut on glass knives and placed on 300 mesh copper grids.
11. Stain specimens fo r  3 min + in saturated aqueous uranyl acetate.

12. Rinse in 50% methanol.
13. Allow to dry.
14. Stain with lead c i t r a te  fo r  2 min.

Lead c i t r a te :  0.25 g lead c i t r a te
0.5 ml concentrated sodium hydroxide 

25 ml f i l t e r e d  d i s t i l l e d  water

Spin fo r  10 min at 3000 r.p.m.

15. Rinse fo r  10 s in d i lu te  sodium hydroxide solu t ion.
16. Rinse three times fo r  10 s each time in d i s t i l l e d  water.
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MUSCLE TENSION STUDIES

Construction of apparatus

The apparatus used fo r  muscle tension studies (Fig. 3) was designed 
by Dr H. Isaacs and Mr J.J.A. Heffron of the Neuromuscular Research Uni t,  
Universi ty  of  the Witwatersrand, Johannesburg. I t  consisted of a large 
metal bath f i l l e d  with water which was c i rcu la ted constantly and main­
tained at a temperature of  37°C by a Haake E32 heating apparatus. A 
small p las t ic  bath, clamped in pos i t ion ,  contained an oxygen dispenser 
connected to a Fluotec d is t r ib u to r  and an oxygen cyl inder.  An ou t le t  
pipe provided a rapid and easy method of emptying the contents of the 
p las t ic  bath. A stain less steel mobile lever,  to which one end of the 
piece of muscle was attached, was f ixed to a force transducer. The 
signal from the force transducer was ampli f ied and displayed by a Riken 
Denshi recorder on a continuous s t r ip  chart ,  thus measuring the isotonic 
contract ion of  the muscle f ib res .  The speed at  which the graph paper 
moved on which muscle tension was recorded, was 2 0  mi l l imetres per minute. 
Muscle twitches were produced by e le c t r ica l  s t imulat ion of the muscle 
via platinum electrodes which were connected to a Mult i tone ten pulse 
st imulator.  The frequency of st imulat ion of  muscle was once every 2.5 
seconds. The duration of the impulse was 3 mil l iseconds and the out­
put 1 0 0  vo l ts .

Experimental procedure 

Preparati on

Fresh Krebs so lu t ion (5000 ml at pH 7.4) was made up p r io r  to 
biopsy. This contained the fo l lowing: 118 mM NaCl, 3.4 mM KOI,

0.8 mM MgSOu, 1.2 mM KH2 PO4 , 11.1 mM glucose, 25.0 mM NaHC03, and
2.5 mM CaCl. 6H2 0. The solut ion was neated to 37°C and maintained at  
th is  temperature for  the durat ion of the tests. Various concentra­
t ions of caffeine were weighed out in preparation fo r  tests on the mus­
cle.

The s t r ip  of muscle, measuring approximately 3 cm by 0.75 cm, was 
placed in 10 ml Krebs solut ion (at room temperature) immediately a f te r
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biopsy and taken d i re c t l y  to the laboratory. Small s t r ips  about 2.5 cm 
long and 0.3 cm wide were prepared. A f te r  weighing, 0.5 grade copper
wire was t ied to one end of the piece of muscle to be studied. The op­
posite end of  the preparation was attached d i re c t l y  to a f ixed ,  steel 
hook, a f te r  which the wire on the other end was hooked on to the mobile, 
stain less steel lever. The mounted muscle was then immersed in the 
p las t ic  bath, which had been f i l l e d  with 500 ml Krebs solu t ion (at 37°C).
This was perfused continuously wi th oxygen containing 5% carbon dioxide

("carbogen").

The mounted specimen was ready fo r  the f i r s t  tes t  w i th in  twenty-one 

minutes of being removed from the pat ient .

Method

The muscle was weighted s u f f i c ie n t l y  to obtain maximum contract ion. 
The rest ing base-l ine tension was establ ished and then adjusted to 2 
grammes. Stimulat ion of the muscle was star ted, and once a steady base 
l ine  had been obtained, 0.5 mM caffe ine was added to the contents of the 

p las t ic  bath. Successive doses of  caf fe ine (1.0, 2.0, 4.0, 8.0, 16.0 
and 32.0 mM) were added as soon as the maximal contract ion plateau in ­
duced by the previous dose of caffeine had been reached.

The Krebs so lu t ion was then replaced by 500 ml fresh solu t ion.
4% halothane, vapourized in the Fluotec vapourizer, was administered 
together with the 5% carbon dioxide/oxygen gas mixture. I f  the muscle 
reacted in such a way that  the p o s s ib i l i t y  of  malignant hyperthermia in 
the patient concerned was indicated, the administrat ion of  halothane was 
discontinued and 2 ml sodium dantrolene was added to the so lu t ion by sy­
r inge. Stimulat ion was continued un t i l  the muscle had f u l l y  recovered.

F ina l ly ,  succinylchol ine was added to fresh Krebs solu t ion when 
muscle from a pat ient  with suspected malignant hyperthermia was being 

tested.

The muscle was in many cases stimulated continuously, u n t i l  i t  had 

gore in to  r igor .
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Data recorded

The muscle was weighed to ensure that specimens of  s im i la r  size 

were used fo r  each muscle tension experiment.

The amount of  caffeine ( in mM) added to the muscle bathing solu­
t ion  and the corresponding increase in rest ing tension ( in  g ), were 
recorded. The amplitude of  increase in muscle tension (muscle con­
t ra c t ion )  was measured from the i n i t i a l  rest ing base l ine  to the 
plateau, i . e .  when no fu r the r  increase in tension occurred fol lowing 

the addit ion of  a pa r t icu la r  amount of caffe ine.

The time ( in  min) taken fo r  4% halothane to raise the rest ing 
tension was noted, together with the corresponding increase in muscle 

tension.

Original tracings obtained from muscle tension studies have not 
been included in th is  d isse r ta t ion ,  since these are the personal pro­
perty of  Cr H. Isaacs and may be required fo r  other research. Fur­
thermore, many tracings were fa r  too long to be photographed. Exam­
ples of normal and abnormal tracings have, however, been included 

(Appendix 4).
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Figure 3. Apparatus used fo r  muscle tension studies.



Figure 3a. General view of apparatus.

( Key: B - p las t ic  bath containing Krebs solu­
t ion ,  in which muscle specimen was immersed;
F - Fluotec d is t r ib u to r ;  H - Haake E32 heat­
ing apparatus; R - Riken Denshi recorder;
S - Mult i tone ten pulse st imulator)



n gure  3b. P las t ic  bath containing Krebs so lu t ion ,  

in which muscle specimen was immersed.

(Key: Arrows indicate where the respective
ends of  the muscle specimen were attached; 
E - platinum electrodes fo r  st imulat ing 
muscle; I  - transducer)





Table 2. Summaries of  biopsy f ind ings and c l in ic a l  assessments of 

pa t ien ts .*

(Key: Name of  muscle in parenthesis in f i r s t  column indicates
biopsy s i te ;  A - diagnosis; CPK - creatine phosphokinase;
EM - electron microscopy; EMG - electromyography; EPL - end 
pla tes; MG - myasthenia gravis; MH - malignant hyperthermia; 
MJS - myoneural junctional studies; MNT - motor nerve 
terminals; M.Str. - muscle strength; NCS - nerve conduction 
studies; PMA - peroneal muscular atrophy; SMA - spinal 
muscular atrophy; '*S - s t i f f  man syndrome)

*F0R MORE DETAILED ASSESSMENTS OF PATIENTS, SEE APPENDIX 2.
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*Fiqure_4. Caffeine-induced contract ion of muscle isolated

from patients with various neuromuscular diseases 

and from contro ls .

(The abscissa indicates the concentration of caffeine in 
the tissue bath, whi le the ordinate denotes the maximal 
increase of  isotonic contract ion produced by addit ion 
of the corresponding amount of caffe ine)

★THE GRAPH LINES HAVE BEEN DRAWN ON TWO PAGES SO AS TO REDUCE 

SUPERIMPOSITION OF DATA.
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ura 5. Halothane-induced contract ion of  muscle isolated 

from patients with various neuromuscular diseases 

and from contro ls .

7ne abscissa indicates the time elapsed in minutes, 
while the ordinate denotes the maximal increase of  
isotonic contract ion produced by addi t ion of  4,
nalothane)
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Figure 6. Succinylcho"!ine-induced contract ion of muscle 

solated from patients with various neuromuscul 

diseases and from contro ls .

(The abscissa indicates tne time elapsed in minutes, 
while tne ordinate denotes the maximal increase or 
isotonic contract ion produced by addi t ion of 2 ml 
succinylchol ine)
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DIAGNOSTIC ASPECTS

Muscle tension studies

The methods adopted i n i t i a l l y  fo r  muscle tension experiments in 
th is  study and based on techniques employed by Kalow et a l . (1970), 

were found to be too crude. The apparatus and procedure were, there­
fore ,  modified. The changes involved a l te ra t ion  of  the manner in which 
the muscle specimen was attached to the apparatus (see "Materials and 
methods"), as well as improvement in the method of st imulat ion by inser­
t ion  of  the electrodes d i r e c t l y  in to  the muscle f ib res  (as opposed to 
st imulat ion from outside the muscle). As a re su l t ,  a fa r  more sensi­
t ive  reaction was obtained, from which a more accurate and s c ie n t i f i c  
analysis could be made. The tests were conducted in the in te rna t ion ­
a l l y  accepted sequence recommended in 1977 by H. Isaacs, F.R. E l l i s ,
W. Kalow, B.A. B r i t t  and M.A. Denborough at  the second international  
symposium on malignant hyperthermia, held in Denver, Colorado, U.S.A.

As was mentioned previously in the section "Materials and methods", 
the muscle specimen used fo r  the purpose of tension studies was immersed 
in Krebs solut ion (maintained at 37°C) fo r  the en t i re  durat ion of the 
tests. A solut ion s im i la r  to Krebs, but having a higher concentration 
of calcium, was inadvertent ly used in prel iminary experiments not docu­
mented in th is  report.  I t  was in terest ing to note that th is  resulted 
in the muscle losing i t s  v i a b i l i t y  fa r  more quick ly  than when the cor­
rect Krebs solu t ion was used. The cause could perhaps be a t t r ibu ted  
to muscle sarcoplasm becoming so saturated with calcium from the bath­
ing Krebs solut ion that the SR was not able to re-accumulate a l l  the 
calcium in the sarcoplasm fol lowing contract ion of  the muscle f ib res ;  
and/or release of  calcium from the SR may have been diminished by the 
increased concentration of sarcoplasmic calcium. Consequently the f i -  
ores would remain in a p a r t i a l l y  contracted state and normal re laxation 
would not take place. Subsequent contract ions would have decreased 
amplitude, resul t ing in the muscle f ib res  losing, fa r  more qu ick ly , 
the i r  a b i l i t y  to contract. This experience demonstrated the import­
ance of having various substances present in quant i t ies and combinations 
that w i l l  ensure that an as near normal environment as possible obtains
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to that  of the muscle in s i t u .

Another fac tor  which became evident during prel iminary studies was 

that muscle r igo r  occurred approximately two hours fol lowing removal of 
a muscle specimen from a pat ient .  Thus, biopsy specimens could not be 
transported long distances fo r  tes t ing,  since the muscle would not have 

remained viable fo r  long enough.

Cases 29 and 30 in the present study, patients suspected of baing 
car r ie rs  of MH, showed that i t  is un l ike ly  that  muscle tension studies 
can be used as an i n f a l l i b l e  pred ic t ive method of test ing fo r  MH car­
r ie r s .  Muscle in case 29 reacted only s l i g h t l y  to the administrat ion 
of 4% halothane. This occurred w i th in  the f i r s t  1.5 minutes of  te s t ­
ing, fo l lowing which muscle tension slowly returned to normal (Table 4; 
Fig. 5). Case 30, on the other hand, showed no posi t ive reaction to 
halothane. There were high CPK levels in both cases 29 and 30, a l t e r ­
at ions in muscle structure at  the electron microscopic level and family 
h is to r ies  o f  previous anaesthetic deaths (Table 2; Appendix 2).

Varying p o s i t i v i t y  in reactions to halothane was also observed in 
several other patients (cases 1, 8 , 16, 17, 18, 20, 21, 25, 26 and 27), 
who were not suspected of being car r iers  of MH (Table 4; Fig. 5). In 
a l l  except numbers 1 , 8  and 21  o f  the ten aforementioned cases, the caf ­
feine test was carr ied out f i r s t ,  followed by a change of Krebs solut ion 
and then the halothane test .  Following detection of many pos i t ive re­
actions to halothane, i t  was thought that  despite the change of Krebs 
solu t ion, caffeine appeared to potentiate a halothane contract ion*.
As a resu l t  of  these observations, the sequence of a l l  subsequent tests 
was reversed, so that the halothane test  was carr ied out before the ca f ­
feine test .  Consequently, the posi t ive  reactions to halothane obtained 
in cases 1 and 21, who were believed not to be car r ie rs  of  MH. could not 
be accounted fo r  (Table 4; Fig. 5). No caffeine tes t  was carr ied out 
in case 8 , but the posi t ive reaction of  muscle obtained from th is

C a lcu la t ions  from resu lts  in th is  d isser ta t ion  showed that ^16% of ca­
ses reacted pos i t ive ly  to halothane when the halothane test was carr ied 
out p r io r  to the caffeine tes t ,  whi le ^64% of cases reacted pos i t ive ly  
to the administrat ion of halothane when the caf fe ine tes t  was carr ied 
out before the halothane test These resul ts  indicated that caf fe ine 
d id , in fac t ,  appear to potentiate a halothane contract ion.
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patient to the administrat ion of  4% halothane, together with posi t ive 

resu lts  in other te s t s , led to th is  patient being considered a possible 
ca r r ie r  of MH (Table 4; Fig. 5).. From the abovementioned results  
concerning the reaction of muscle to halothane, i t  became evident that 
i t  is  possible to obtain both fa lse posi t ive resul ts  ( in  some neuromus­
cular  disorders) and false negative results  ( in known carr iers  of MH - 
Bradley et a i . (1973) and the present study). These f indings support 
the statement made by Isaacs (1977) tnat:  "There is at the present
time no i n f a l l i b l e  predic t ive tes t  to ide n t i fy  the ca r r ie r -s ta te  of MH" 
and chat " . . .  the occasional case w i l l  defy i d e n t i f i c a t io n " .

Perhaps the negative response to halothane obtained in v i t ro  fo r  
known carr iers  of MH could be compared to the in vivo reactions ob­
served by A ldre tte in 1977 (Dr H. Isaacs, personal communication).
This worker found that a MH c a r r ie r  may react adversely to halothane 
administrat ion on one occasion and show no reaction to halothane on a 
subsequent occasion(s), or vice versa. This was also demonstrated by 
Mogensen et a l . (1974). Emotional stress has been thought to c o n t r i ­
bute to predisposit ion to MH in vivo (Mogensen et a l . ,  1974; Wingard 
and Gatz, 1977), thus accounting fo r  the var iable reaction to halothane 
anaesthesia seen in the same indiv idual  (Mogensen et a l . ,  1974). A 
possible explanation fo r  the negative in v i t r o  response may be tha t ,  
owing to the absence of neural influences from higher centres in v i t r o , 
environmental factors such as emotional stress are el iminated.

Case 28, a known ca r r ie r  of  MH from previous biopsy resul ts (Dr H. 
Isaacs, personal communication; i n i t i a l  tracing not ava i lab le) ,  was 
given 8  mg/kg of sodium dantrolene o r a l l y ,  four hours p r io r  to the 
second biopsy. On exposure of the muscle specimen to 4% halothane, 
no reaction was obtained (Table 4). However, when 6 % halothane was 
administered a gradual increase in muscle tension to 1.53 grammes oc­
curred during the f i r s t  3 minutes, fol lowing which tension decreased to 
i t s  o r ig ina l  rest ing level w i th in  a fu r ther  4 minutes. When 6 % halo­
thane and 2.5 ml succinylchol ine were subsequently added simultaneously, 
tension increased only s l i g h t l y ,  and then returned to normal wi th in 5 

minutes. The use of o ra l ly  administered sodium dantrolene to prevent 
the development of MH in susceptible swine, has been discussed by var­

ious authors (Anderson and Jones, 1976; Gronert et aj_., 1976;
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Harrison, 1977; Kerr et  a l . ,  1977; Flewellen and Nelson, 1980); 

and, more recent ly ,  i t  has been shown fo r  man (Pandit et_a1_., 1979).
I t  is  thought that sodium dantrolene blocks the exc i ta t ion-con t rac t ion  

coupl ing mechanism by suppressing the amount or calcium released from 

the SR ( E l i i s  and Carpenter, 1974; Putney and B ianch i , 1974).

As stated previously , caf fe ine appeared to potent ia te  a halothane 

contracture when administered before halothane. However, halothane 
did not appear to p rec ip i ta te  a caffeine contracture when the order in 

which the tests were carr ied  out was reversed. This was established 
by comparing caffe ine contractures when the caf fe ine te s t  was done f i r s t  

(early graphs not documented in th is  study but which were included in 

the comparison under discussion) wi th resu l ts  from when the tes ts  were 
reversed and halothane was administered f i r s t .  Muscle from MH carr ie rs  

has been shown (by means o f  muscle tension studies)  to be more sensit ive 

to caf fe ine than normal muscle (Kalow et  a l . ,  1970). However, i t  ap- 
pcars from the present study (Table 3; Fig. 4) tha t  diseased muscle in 
general is  also frequent ly  more sensi t ive to caf fe ine than normal mus­
c le .  When the halothane tes t  preceded the caf fe ine te s t ,  approximately
7 9 % of muscle specimens from patients wi th d i f f e r e n t  neuromuscular dis 

orders reacted much sooner to the addi t ion of caf fe ine ( i . e .  reacted 
s ig n i f i c a n t l y  before the addi t ion of 4 mM - Table 3; Fig. 4) than did 

muscle from normal pat ients .  Even when a l l  132+ tracings done by the
author over the three-year period were taken in fo  account, a s imi lar
percentage was obtained. This abnormal response to caffe ine of  d i ­
seased muscle in various neuromuscular disorders may be a t t r ibu ta b le  to 

abnormal uptake and/or release of  calcium, e i the r  from the SR or sarco- 

lemma, as a re s u l t  of  destruct ion of  muscle f ib re s .  I t  has previously 
been suggested tha t  the reason fo r  the pos i t ive  reaction of  muscle to 
caffe ine and halothane in MH patients could be a consequence of  e i ther  
of  these two abnormali t ies ( B r i t t  et_al_., 1973). Whatever the cause 
may be, the above resu l ts  contr ibute  to showing the i n v a l i d i t y  of  t ins  

tes t  as a single p red ic t ive  means of detect ing ca r r ie rs  of  MH - i . e .  

because diseased muscle in general may react  to caf fe ine in  a s im i la r  

way to tha t  of ca r r ie rs  of MH.

* 83 or these patients were assessed c l i n i c a l l y  by the author1.
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Caffeine tests were not carr ied out in cases 7, 3, 3% and oO, since 

the muscle specimens concerned were tested in early experiments when 
the procedure was to use only halothane and succinylchol ine. The ca f ­
feine graph fo r  case 11 has not been included, since the muscle did not 
remain viable long enough to enable the tes t  to be completed. Case 23, 
whose muscle proved to be normal on h is to log ica l  and histochemical exa­
mination, and who was c l i n i c a l l y  abnormal on'y in the presence of weak­
ness of the ocular muscles and diplopoea (Table 2; Appendix 2), showed 
very l i t t l e  reaction to caf fe ine. Cases 1, 4, 25 and cl  also reacted 
f a i r l y  normally to caffeine (Taole 3; Fig. 4). Case 18, on the otner 
hand, although i n i t i a l l y  more sensit ive to caffeine than is usual, was 
not great ly affected by fu r the r  addit ion of the drug (Table 3; Fig. 4b). 
No one type of disease appeared to be more sensit ive to caffeine than 
another. C l in ica l  symptoms did not appear to corre late with caffeine 
or halothane contractures e i the r .  Even those cases having s im i la r  c l i n ­
ica l  pictures and h is to log ica l  and histochemical f indings did not produce 

s im i la r  reactions to halothane or caf fe ine when muscle was tested.

As is well known, various anaesthetic agents other than halothane 

and sue .r.ylcholine have been shown to cause MH incidents. Case 3, 
when anaesthetized (general anaesthesia) fo r  the purpose of  obtaining 
biopsy m a te r ia l , reacted adversely to the administrat ion of methohexital. 

When given 2 ml of methohexital to induce relaxation fo r  the purpose of 
in tubat ion, the patient  went into opisthotonus for approximateiy 1.5 
minutes, a f te r  which relaxation occurred and i t  was possible to complete 
the operation. Because of  th is  adverse reaction, methohexital was in ­
cluded as one of the media fo r  in v i t r o  test ing.  Muscle tension studies 
revealed a s im i la r  reaction to that which had occurred during anaesthe­
sia.  The muscle contracted i n i t i a l l y  when the drug was added and subse­
quently relaxed. I t  should be noted that th is  was the only pat ien t  in 
whom a pos i t ive response to succinylcnol ine was obtained in v i t r o  
(Table 5; Fig. 6 ). In view of th is  fa c t ,  as well as the posi t ive  re­
action to methohexi ta l  and s l ig h t ly  elevated CPK leve l ,  th is  patient was 

considered to be at high anaesthetic r i s k * .

* Excessive release of calcium in to the sarcoplasm occurs in these cit 
cumstances.
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Histology and histochemistry

Histological f ind ings and results  of histochemical tests carr ied 

out on nerve and muscle biopsy specimens, were studied in conjunction 
with the i n i t i a l  c l i n i c a l  assessment of each in d iv id u a l . I t  was noted 
that the degree to which muscle was altered by the disease process often 
did not correlate with c l i n i c a l  f ind ings. ! h1' s was probably because 
muscle selected fo r  biopsy was frequently only moderately affected by 

disease. Had the most severely affected muscle been chosen, cor re la ­
t ion  may have been more accurate; but owing to extensive destruct ion of 
muscle in the more affected areas, biopsy of such muscle would not have 
provided the necessary information as to the nature of the pathological 
changes taking place. When biopsy resu lts  from patients who were c l i n ­
i c a l l y  s im i la r  to each other and having the same disease were compared, 
a marked s im i la r i t y  was usual ly observed, e.g. cases 9 and 14; 10 and
16; 20 and 21; and 4 and 5 (Table 2; Appendix 2). No comparison
could be made and no cor re la t ion  was expected with regard to c l in i c a l  
p ic tu re  and biopsy resul ts  in carr iers  of M H , owing to the d i / e r s i . y  o■ 
subcl in ical myopathies associated with th is  syndrome. Nerve f indings 
in general were non-specif ic, except in cases of  peroneal muscular a- 
trophy (PMA), where observations such as "onion-peeling" in sural nerve 
biopsy t issue were ind ica t ive  that the hypertrophic type of PMA was i n ­

volved.

Electron microscopy

Electron microscopical observations have been included in th is  
report only in special cases, such as fo r  suspected car r ie rs  of MH; or 
in regard to s ign i f ica n t  f indings not observed on h is to log ica l  and h is ­
tochemical examination at the l i g h t  microscope leve l .  Cases 28, 29 
and 30 were a l l  suspecteo carr ie rs  of MH. Cases 28 and 30 had an i n ­
creased number of mitochondria, appearing in rows in case 28 (a b le  2 , 
Appendix 2). In cases 29 and 30, there was evidence of fo ld ing of the 
basement membrane. M y o f ib r i l l a r  deplet ion was observed in cases 28 and 

30, whi le in cases 29 and 30 there was loss of  myofilaments (Table 2, 
Appendix 2). These s truc tura l  changes, a l l  of which were previously 
known to occur in car r ie rs  of MH, provided addit ional evidence re la t ing  

to diagnosis of the condit ion in these patients. 1 t ras truc tura l



studies in case 8  revealed several very enlarged mitochondria showing 
loss of  c r is tae (Table 2; Appendix 2). L ip id  was seen in many degen- 
erat ing mitochondria. These observations in case 8  contr ibuted to tne 
ch i ld  being regarded as a suspected ca r r ie r  of MH. Of note in case 2/ , 
were distended mitochondria with ruptured cr is tae and areas of myofi la- 

mentous and Z- l ine  disrupt ion (Table 2; Appendix 2). hese t ine 
s truc tura l  de ta i l s ,  together with the very posi t ive reaction of tne 
muscle of th is  patient to halothane in v i t r o  (despite the p o s s ib i l i t y  
that the caf fe ine potentiated a halothane contract ion , should per laps 
be regarded as an equivocal diagnostic re su l t  as fa r  as MH is concernec.

Electroneuromyography

Electromyography (EMG) is a pre l iminary means of determining whe­

ther the underlying pathology is the re su l t  of neuropathic or myopathic 
changes. Although EMG results in most diseases are non-specif ic , they 
can be of diagnostic value when considered together with other f ind ings. 

EMG can reveal where active denervation is  present, as in case y. r u r " 
thermore, data summarized in Table 2 confirm that the presence of  high 
voltage polyphasic a c t i v i t y  is a most valuable ind ica t ion or denerva.ic 
wnich has been followed by re innervat ion. In many of the chronic 
neuropathies, adjacent healthy neurones sprout to take over a larger 
number of muscle f ib res ,  thus increasing the voltage, durat ion and snape 

of the motor-unit  a c t i v i t y .

Myoneural junctional studies are of great value in the diagnosis 
of myasthenia gravis (MG), where a typica l  picture of rapid fa t igu ing 
of muscles ( i . e .  a progressive decl ine in amplitude of muscular response 
is demonstrated by repeated st imulat ion of  a nerve (e.g. cases 17 to 2 " 

Table 2; Appendix 2).

Motor nerve conduction studies can f a c i l i t a t e  the diagnosis oi 
cases involving the hypertrophic form of PMA, in which conduction velo­
c i t i e s  are markedly slowed On the other hand, conduction study re­
su l ts  in MG, fo r  example, are normal. Consequently, cMG and nerv- 

conduction study f ind ings, when considered together with other i n t o n a ­

t i o n ,  serve as a f a i r l y  pos i t ive means of diagnosing MG.
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Prognosis

When i n i t i a l  c l i n i c a l  assessments were compared with those done 

la te r  on, i t  became evident in retrospect that the h is to log ica l  and his-  
tochemical information, together with i n i t i a l  c l i n i c a l  data and know­
ledge of the "usual" pattern or course fol lowed by ind iv idual diseases, 
normally provided a f a i r l y  accurate guide as to the expected rate of 
de ter io ra t ion of each patient in ensuing years. However, owing to the 
un pred ic tab i l i ty  of disease, the prognosis can sometimes be wrong. For 
example, case 2 (one of spinal muscular atrophy), who at the time of 
biopsy showed evidence of act ive breakdown of muscle f ib res ,  hau altered 
very l i t t l e  in c l in i c a l  pic ture when re-assessed 1 & years la te r  ( able 2 ; 
Appendix 2). A fa r  more marked de ter io ra t ion  in muscle strength had 
been anticipated on the basis of biopsy f indings than was ac tua l ly  found 
on re-assessment. This i l l u s t ra te s  why biopsy results  are used only as 

a general guide as to how the disease is l i k e l y  to progress.

PHYSIQTHERAPb'UTICAL AND RELATED ASPECTS

As fa r  as physiotherapy per se is concerned, nine patients were 
treated by the author. Some of these have not been included in th is  
study, as several o f  the conditions involved did not correspond with the 
f ive  categories f i n a l l y  selected fo r  th is  report.  A factor  which re­
duced the number of patients who in the normal course of events might 
otherwise have oeen treated (e ither  by the author or by another physio­
therap is t)  was that several patients l ived on farms some distance from 
a town or were stationed in places where physiotherapy was not avai lable.  
Other patients were not prepared to have physiotherapy. I t  would have 
been preferable fo r  every patient to have received physiotherapy, but 

th is  was not possible under the circumstances.

As is well known, act ive exercise aggravates the condit ion MG, 

these patients becoming weaker with re pe t i t i ve  movement. When ques­
t ioned, a l l  patients with MG included in th is  study (with the exception 

of those with the purely ocular form of MG) stated that they became
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weaker with increased a c t i v i t y .  Unless there is actual improvement in 

the disease, e i the r  fol lowing surgery (thymectomy) or the administrat ion 
of drugs such as pyridostigmine, i t  is not possiole to improve a 

pa t ien t 's  v i t a l  capacity or exercise tolerance, in view of the involve­
ment of the muscles of resp i ra t ion .  Consequently, in patients with 
associated respira tory  symptoms, but not so severe as to require mechan­
ical v e n t i la t ion ,  i t  j_s necessary to teach the patient  an economical 
breathing pattern and about lung clearance, in order to prevent chest 
infect ions (common in these patients) from occurring. Such patients 
should also be advised that in the event of a chest in fec t ion  developing, 
the necessary drugs prescribed by the doctor should be taken. Physio­
therapy during th is  period would be advisable in order to reauce possible 
s t ra in  on other organs, which could resu l t  in deter io ra t ion  in general 
health and re s t r i c t io n  of normal da i ly  a c t i v i t i e s .

Chest in fect ions are also f a i r l y  common in the intermediate and mild 
forms of SMA, even when there is no associated scol ios is  and/or kyphosis 
(Dubowitz, 1977a; Benady, 1978). As a resu l t  of these studies, and 
fol lowing the demise of a patient (case 4; Appendix 2), who had a mild 
kyphoscol iosis, the importance of  chest physiotherapy and of educating 
famil ies of  such patients had become very evident to the present author. 
The cause of death in case 4 was establ ished as resp ira tory  fa i lu re  f o l ­
lowing a chest in fec t ion .  The kyphoscol iosis, although not severe at 
the time of assessment, caused a r e s t r i c t i v e  lung condit ion which re ­
sulted in decreased lung function. As a consequence, th is  ch i ld  was 
very susceptible to chest in fect ions.  However, despite her deformit ies 
and marked generalized muscle wasting, she was completely functional * 
and coped well at school.

The question raised here, therefore, is  whether ins t ruc t ion  of 
parents and fami l ies of patients with the intermediate and mild forms

* I t  had been establ ished by means of muscle biopsy that she was a f f l i c t ­
ed with a slowly progressive form of SMA, the long-term prognosis being 
f a i r l y  good. Because of th is ,  the physician concerned decided not to 
apply a piastazote jacket or Milwaukee brace, since e i ther  of  these me­
thods of l im i t in g  fu r the r  deformity would, at th is  stage, not only have 
res t r ic ted  her normal functional a c t i v i t i e s ,  but would also have de­
creased chest expansion and m ob i l i ty ,  resu l t ing  in more rapid de te r io r ­
at ion of general muscle strength.
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of SMA (with or without sco l ios is )  would not be appropriate. They 
could be shown how to assist these patients in maintaining as near maxi­

mal chest expansion and lung clearance as possible at a l l  times. This 
would help prevent recurrent chest in fec t ions ;  and in some instances 
(as in case 4), premature deatn. Furthermore, patients could be ad­
vised to have physiotherapy when chest infect ions do occur. At th is  
time, drugs and aids such as in te rm i t ten t  pos i t ive pressure breathing 
could also be given, which would obviate the need fo r  patients to be 
confined to bed fo r  longer than re a l ly  necessary. A fu r ther  considera­
t ion is that because the intercosta l  muscles are effected, "frog breath­
ing" (a passive, pos i t ive pressure form of breathing) could be taught. 
This would increase alveolar expansion, causing release of surfactant 
and resu l tan t  increase in alveolar patency, thus maintaining f a i r l y  good 
lung function. This breathing technique could also be taught to pa­
t ien ts  immobilized in a brace, where lung and chest expansion are re­
s t r ic te d .  Further studies are needed to establ ish whether chest 
physiotherapy could play an important ro le in preventing lung infect ions 
in these patients. Consideration should also be given to whether early 
bracing of patients with a mild scol ios is  (as recommended by Dubowitz, 
1977a,b) is desirable. This course of action would presumably i n h ib i t  
functional a c t i v i t i e s ,  resul t ing in a concomitant decrease in muscle 
strength. The a l te rna t ive  of la te r  immobil izat ion, preceded by in ten­
sive chest physiotherapy, might prove to be a better approach to manage­

ment of the condit ion.

Five patients received regular physiotherapy (Appendix 2). Three 
suffered from SMA (cases 7, 2 and X, the las t  mentioned being the s is te r  
of case 2); and two had PMA (cases 9 and Y, the l a t t e r  being s im i la r  to 
case 9 , although affected to a s l i g h t l y  greater degree by the disease). 
Detai ls concerning cases X and Y are not given in th is  d isser ta t ion  be­
cause not enough muscle was avai lable fo l lowing biopsy to enable muscle 
tension studies to be performed. There was marked improvement in the 
functional a b i l i t i e s  and a c t i v i t i e s  of  a l l  f i ve  patients (Table 
Appendix 2), fo l lowing varying periods of treatment. However, when 
individual muscles and muscle group actions were tested in cases 2, X,
9 and Y, i t  was found that muscle strength had remained unchanged from 
the time of or ig ina l  assessment, except in case 9, in whose upper limbs 

muscle strength had deteriorated s l i g h t l y  (Appendix 2). From th is ,  one
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can only surmise that although the strength of  ind iv idual muscles did 

not improve, these patients not only learnt  t r i c k  movements, but also 
learnt  to compensate fo r  t h e i r  d i s a b i l i t i e s  by e f fec t ive  use of g rav i ty ,  
body weight, momentum and several other means such as the use of muscles 
i -  the strongest range of  motion. Questioning revealed that physiother­
apy had a benefic ia l psychological e f fec t  on the parents by a l te r ing  
t h e i r  mental a t t i tude  and approach towards the i r  chi ldren. They stated 
that once therapy had commenced, they no longer f e l t  as helpless as be­
fore, since they were able to ass is t in the i r  chi ldrens ' " re h a b i l i t a t io n "  
by t ry ing to continue teaching the chi ldren what was taught to them by 
the therapis t during treatment periods. Besides th is  continuous exer­
cise programme, the psychological "boost" provided by the parents may 
also have contributed towards the pa t ien ts '  improvement. Case 7, who 
had a very mild form uf SMA, improved not only func t iona l ly ,  but also in 
muscle strength.

Case 27 was also treated by physiotherapeutic means, but only fo r  a 
l im i ted period (Appendix 2). This in terest ing patient was d i f f i c u l t  to 
t rea t  because of the unknown aetio logy of  s t i f f  man syndrome (SMS), as 
well as the profound inf luence of extraneous factors such as noise and 
touch on muscular spasms. I t  was impossible to establ ish whether the 
s l ig h t  improvement in function was a t t r ibu tab le  to drugs alone or to a 
combination of drugs and physiotherapy. I t  has been stated in two pub­
l ica t ions  that cold (weather) aggravates the condit ion SMS (Moersch and 
Woltman, 1956; Maiua et a l . ,  1980), whi le in one case i t  was found that 
heat treatment resulted in an improvement in the condit ion (Maida et  a l . ,  
1980). I t  would have been in terest ing to have compared cold and heat 
as forms of therapy, but unfortunately the ch i ld  was removed from hos­
p i ta l  and could not be traced.

An in te rest ing observation concerning one of  the patients with PMA, 
case 14, was that clawing of the toes had been reduced fo l lowing the 
continuous wearing of o r tho t ics  for a period of ten months (Appendix 2). 
This was especia l ly noticeable on the r ig h t  foo t ,  where the toes were 
almost s t ra igh t .  3 i la te ra l  pes cavus was not as marked as previously 
and the patient  could walk, run and climb s ta i rs  fa r  better than before. 
She stated that her ankles were more stable when wearing the o r tho t ics .  
Further investigation is required to establ ish whether the wearing of
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or thot ics  does, in actual fa c t ,  improve the functions of the fee t ;  or 

whether i t  was pure chance that th is  occurred in th is  patient .

As stated in the materials and methods section, biorsy specimens 
were removed from muscle which was c l i n i c a l l y  only mode a ts ly  affected 
by the disease process, in order to make an accurate diagnosis. At the 
same time, th is  makes the cor re la t ion  of c l i n i c a l  pic ture with biopsy 
f indings rather d i f f i c u l t ,  since one cannot be sure that the muscle 
selected in d i f fe re n t  patients is representat ive of  the same stage of 
the disease. Another fac tor  contr ibuting to inaccuracy of  cor re la t ion ,  

not only with biopsy f ind ings ,  but also when determining the degree of 
improvement or de ter io ra t ion  in a pa t ien t 's  condi t ion, is that at present 
no re a l ly  accurate method of assessing muscle strength is avai lable.
The system chosen for  th is  study was that of  Daniels et a l . (1956); and 
documentation of grading that of  Kendall and Kendall (1939). 1 his is a
subject ive and re la t i v e ly  simple method of assessing muscle strength, and 
one requir ing no apparatus. However, experience in applying the tech­
nique and knowledge of variables such as the fo l lowing and how these a f ­
fec t  muscle strength are essential when th is  method of assessment is 
used: age, sex, occupation, sport ing and other a c t i v i t i e s ,  general
health, pain, temperature, fa t igue ,  muscle bulk, psychological a t t i tude ,  
motivat ion and several o thers . Despite possession of th is  knowledge and 

experience, i t  is inev i tab le  that results w i l l  nevertheless sometimes 
d i f f e r .  This occurs as a resu l t  of the i n a b i l i t y  of an individual to 
apply exactly the same amount of resistance every time when performing 
the tes t ,  di f ferences in muscle strength of assessors, and d i f fe r ing  
in terpreta t ions of the various grades of strength by individual assess­

ors.

The Cybex I I  ( E l l i o t t ,  1978), a modern, sophisticated apparatus 
from which data obtained can be computerized and more accurately com­
pared, provides an object ive means of test ing muscle strength. I t  was 

unfortunate that th is  expensive machine was not avai lable fo r  the our 
poses of the present study. However, although at the present time ^nis 
highly technical method appears to be the most e f fec t ive  and accurate 

way of assessing muscle strength, i t  too, has i t s  l im i ta t io ns ,  
include i n a b i l i t y  to tes t  several muscles around the shoulder g i rd le ,  

and only being able to r e s is t ,  in iso la t io n ,  the ro ta to ry  component
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involved in certain muscle act ions.

Another problem encountered when i n i t i a l l y  assessing muscle 
strength of a patient in whom the ent i re  body is to a greater or lesser 

extent affected by disease, is that i t  is impossible to know what the 
pa t ien t 's  strength was p r io r  to onset of the disease. One can only 
compare the patient in question wi th another, s im i la r ,  normal person, 
taking a l l  the variables mentioned previously into considerat ion, as 
well as the pa t ien t 's  account of how strong he or she was and how much 
muscle wasting had occurred. This method is a very subject ive and un­

s c ie n t i f i c  means of test ing muscle strength.

The f i e l d  of assessment of muscle strength requires fa r  more study 
in order to establ ish a method of test ing which would take in to  account 
a l l  aspects of muscle act ion.  Muscles very seldom act in iso la t ion .  
Rotation is incorporated in most movement and functional a c t i v i t i e s ,  yet 
the methods used most extensively fo r  test ing muscle strength attempt to 
iso la te  individual muscle actions and involve movements in the cardinal 

planes.

With the rapid advancement of  computer technology, a fu ture method 
of assessing "o r ig in a l "  muscle strength in a pat ient with generalized 
muscle weakness may simply involve feeding results obtained from assess­
ments of patients (using highly technical and accurate apparatus and 
methods) in to a computer. This information could then automatical ly 
and rapid ly be compared with a selected number of previously established, 

normal control groups. I n i t i a l l y ,  this would involve determining the 
mean muscle strength of many s im i la r ,  normal ind iv iduals ,  e i ther  by 
means of the Cybex I I ,  or an even more accurate and sophisticated ap­
paratus, not yet devised. Variables such c s age, sex, occupation, 
muscle bulk, sport ing and other a c t i v i t i e s ,  psychological influences, 
balance and co-ord ination, i n i t i a l  muscle rest ing tension, range of mo­
t ion of jo in ts  and general health and metabolism* would a l l  have to be 
considered (and tested) when planning the select ion of  normal, control 
groups. Fu l l - leng th  photographs of  patients p r io r  to onset of  disease.

* This would include cardiac and lung function te s ts , which would take 
in to  account many important individual di f ferences, such as c i rcu la to ry  
va r ia t ion s , endurance, e tc .
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as well as a subjective account given by patients of  th e i r  muscle 
strength, could be computerized for  purposes of comparison; and may 
provide addit ional useful,  supplementary information. Al l  tests would 

have to be carr ied out under s t r i c t l y  contro l led environmental and other 
condit ions: these including temperature, noise, l igh t in g ,  comfort,
s ta r t ing  posit ions, lead, speed of contract ion, rest ing period p r io r  to 
tes t ing ,  number of  times each a c t i v i t y  is performed, and the time i n te r ­

val between the tes t ing of each muscle or muscle group. I t  would al^o 
be necessary to ensure that the patient  has practised a l l  the movements 

and understands what is required of him/her.

Although th is  sounds not only l i ke  a major task, but also a high.y 
hypothetical s i tua t ion ,  i t  may not, in fac t ,  be a l l  that far-fetched.
I f  research in to the d i f fe re n t  areas were to be started by many in v e s t i ­
gators ( including physiotherapists, engineers, k inaesio log is ts , physiolo­
g is ts ,  e tc . )  in an attempt to devise the ideal test ing apparatus and 
methods, th is  would orobably not prove to be as d i f f i c u l t  as i t  may seem. 
Once achieved, these new techniques would become a matter of routine.
This new method of test ing muscle strength would be an invaluable aid, 
not only to physiotherapists, but also to p rac t i t ion e rs ,  researchers in 
sport,  phys io log is ts , e tc . ,  thus opening up a whole new f i e l d  of  study 

fo r  fu r the r  research.

During the course of the present study, the author became fam i l ia r  
with several techniques which provided her wi th a better knowledge and 

understanding of the structure and functions of muscle. This back­
ground knowledge w i l l  ass is t  the author in fu ture studies, which w i l l  
attempt to supply s c ie n t i f i c  explanations fo r  resul ts obtained fol lowing 
use of one (or more) of the many physiotherapeutical techniques employed 

in the treatment of  patients .
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Muscle tension studies were carr ied out in order to evaluate the 

technique as a single,  diagnostic test fo r  ca r r ie rs  of MH. Results of  
investigation of muscle specimens from patients with various neuromuscu­

la r  disorders, including MH carr iers  and normal people, showed that th is  
test is not as re l iab le  as o r ig in a l l y  thought. Both false posi t ive and 
fa lse negative reactions to the administrat ion of 4% halothane were ob­
tained. Although muscle from MH patients was more sensit ive to the ad­
d i t io n  of caffeine than normal muscle, that of patients suffering from 
other neuromuscular diseases appeared, on occasion, to be abnormally 

sensi t ive as well This f ind ing indicated that muscle tension studies 
can only be used as an addi t ional means of test ing suspected car r ie rs  of 
MH. H is to log ica l ,  histochemical. electron microscopical and e lec t ro-  
neuromyographical f indings alone, proved to be non-specif ic  in the de­
tec t ion of patients with MH. When considered together, however, these 
techniques iso la te  the car r ie rs  of MH.

Patients who received physiotherapy a l l  improved func t iona l ly  to a 
varying extent,  even though muscle strength remained unchanged. This 
demonstrated the need fo r  physiotherapy, both to ass is t  these patients 
with the i r  functional a c t i v i t i e s ,  and because improvement in th is  respect 
gives the pat ient  psychological support. The l a t t e r  aspect is also im­
portant as fa r  as the fami l ies involved are concerned; and the need to 
show famil ies how to ass is t  affected patients, became evident.

From observation of patients with associated resp ira tory  symptoms, 
the need fo r  chest physiotherapy became apparent, not only so that the 
pat ient  can be taught an economical breathing pattern in order to main­
ta in  as near maximal chest expansion as possible, but also to ensure as 
e f fec t ive  lung clearance as possible. This may ass is t  in prevention of 
recurrent chest in fect ions (common in these p a t ie n ts ) . Families of 
patients could be shown how to help maintain a c lear chest. They should 
emphasize the importance of  th is  to the pa t ien t ,  and by so doing would 
provide psychological aid.

The need fo r  fu r the r  research in the f i e l d  of muscle test ing tech­
niques became obvious. At present, no t r u ly  accurate, object ive methods 
or apparatus are avai lable fo r  assessing and comparing patients with gen­
eral ized muscular weakness; and which take in to  account a l l  the aspects 
involved in muscle act ion.



A P P E N D I X 1

THE ASSESSMENT FORM USED

(Assessments were carr ied out p r io r  to biopsy 
because some patients experience pain and 
s l ig h t  loss of  function fo l lowing biopsy. 
Also, patients from whom nerve t issue is re­
moved, lose sensation in the area supplied 
by that nerve)



A S S E S S M E N T

NAME:

ADDRESS:

Home Tel. No. 

OCCUPATION:

Business Te l . No.

AGE:

DIAGNOSIS:

SUBJECTIVE

1. Early History:

Effects -

Date
Date

Surgery -
Previous medical treatment - 
Previous physiotherapy -

2. Recent H is to ry :

General observation -

General Health -

Weight - previous ......................
present ........................

Psychological a t t i tude  -

Habits -

Onset and h is to ry  of i l lness  -

Present medication - Effects -
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3. Family h i s to r y :

4. Social h i s to r y :

5 . Dai ly functional a c t i v i t i e s :

Capabi l i t ies I t t I c u  1 ~ ~

6 . Recreational a c t i v i t i e s :

Sport - previous ....................................................... i' at:e
present .......................................................  'e

Comments -

Hobbies - previous .................................................  jate
present   a e

Comments -

7. Observation:

Skin - texture 
colour

Nails - 

Muscle bulk -

Oedema - 

Scars - 

Lesions -
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Palpation and measurement: 

Oedema -

Skin temperature - 

Sweating - 
Muscle bulk -

Scars - 
Tenderness -

Muscle a c t i v i t y  -

Sensation:

Severe loss 
Total loss

Hot/cold —  
Sharp/blunt —  

Light  touch/pressure —

Skin

Vibrat ion sense -

Jo in t  posi t ion sense -

Stereognosis -
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10. Reflexes:

Cutaneous ref lexes - abdominal
sole of foot

Tendon reflexes - knee 
ankle 
el bow

11- Muscle power and jo in t  range: Range of notion

Right Left  Active Passive

Supine:

Neck f lex ion

Trunk f lex ion

Trunk ro ta t ion

Pelvic elevation

Hip external ro ta t ion

Hip internal ro ta t ion

Knee extension

Foot do rs i f lex ion  
(with inversion)

Foot ^version
(from p lantar f lex ion)

Foot inversion
(from p lantar f lex ion)

Toe f lex ion
Interphalangeal jo in ts
Metatarsophalangeal jo in t s  

Toe extension 

Hallux f lex ion 

Hallux extension 

Shoulder horizontal f lex ion
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Right Left
Range of motion 

Active Passive
Side l y i n g :

Hip abduction

Hip adduction

Prone:

Neck extension

Trunk extension

Hip extension

Knee f lex ion

Scapular adduction 
with upward ro ta t ion

with downward ro tat ion

Scapular depression 
(with adduction)

Shoulder extension

Shoulder abduction 
(hor izon ta l )

Shoulder external ro ta t ion

Shoulder internal ro ta t ion

Elbow extension

S i t t i n g :

Hip f lex ion

Hip f lex io n ,  abduction and 
external ro ta t ion

Scapular elevation

Scapular abduction

Shoulder f lex ion to 90( 

Shoulder abduction to 90 

Elbow f lex ion 

Foreanr supination

o
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Range of motion 
Right Left Active Passive

Forearm pronation

Wrist f lex ion

Wrist extension

Finger f lex ion
Interphalangeal jo in t s
Metacarpophalangeal jo in ts

Finger extension

Finger abduction

Finger adduction

Thumb f lex ion

Thumb extension

Thumb adduction

Thumb abduction

Thumb opposition

Standi ng:

Ankle p lantar f lex ion 
with knee extended
with knee flexed 

Hand g r ip s : Pi neer

Power 

Hook 

Key

Lumbrical 

Dominant hand:

Facial muscles:

Jaw muscles:



12. Function and balance: ( in  the developmental sequence)

13. Co-ordination:

14. Posture:

15. Gait:

SUBJECTIVE AND OBJECTIVE

16. Speech, tongue movements, swallowing:

17. Hearing:

18. Vision:

19. Respiratory func t ion :



ADDITIONAL RESULTS

20. X-rays: (Date ..................... )

21. Blood te s ts :

22. Serom enzyme te s t s :

23. Other:

LATER RESULTS

24. Electroneuromyography:

Electromyography -

Nerve conduction studies

Myoneural junctional  studies -



25. H is to logy :

26. Histochemistry:

27. Nerve studies:

28. Electron microscopy:

23. Muscle tension studies
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A P P E N D I X  2

SUMMARIES OF CASE HISTORIES*

* (Grading of muscle s trength: Normal, good, f a i r  plus, f a i r ,
poor, trace, zero. For fu r the r  d e ta i l s ,  see Kendall and 
Ken ( a l l ,  1939)
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SPINAL MUSCULAR 
(SMA)

ATROPHY
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CASE 1 (K.R.)

This lean, 15-year-o ld, white g i r l  had been treated fo r  two years 
fo r  an id iopath ic  scol ios is  and had been wearing a Milwaukee brace for  
18 months. I t  was subsequently noted that she nad marked winging of 
the scapulae and she was referred to Dr Isaacs fo r  EMG studies and mus­
cle biopsy. Questioning revealed that there were other members ot the 
family with kyphoscol iosis. The only abnormality she had noticed was 
that fo l lowing gymnastic classes at school, her "arms" became very weak 
and she could not l i f t  hersel f  up. She took part in other sports as 
w e l l ,  but with no i l l  e f fec t .

On examination, there was s l ig h t  generalized muscular weakness, 
th is  being more obvious in the upper than the lower ex t rem it ies . There 
was marked wasting of  the serratus an ter io r  and pectoral is group of 
muscles; and the la t t e r  showed evidence of d ig i t a t i o n ,  strength being 
f a i r  plus. There was s l ig h t  weakness of some of the muscles in the 
hands, although her grips were s trong. She had a marked sco l ios is ,  
pronounced lumbar lordosis and thoracic curve, with associated winging 
of the scapulae. Her ga i t  was normal and balance good. Sensation was 
normal.

EMG - Muscles of the upper extremit ies,  neck and back were examined.
Most muscles showed an increase in polyphasic a c t i v i t y  but on the whole 
the voltages were normal. Several of the muscles, p a r t i c u la r ly  serra­
tus a n te r io r , showed a marked f a l l - o u t  of motor-un-, t  a c t i v i t y .

NCS - These were normal.

Muscle tension scudies - See Figs 4a and 5; and Tables 3 and 4.

Muscle biopsy - Specimens we. _ removed from the de l to id  muscle. On

hi sto logical  examination, the muscle f ib res appeared f a i r l y  normal.
Histochemical study, however, showed gross abnormality. There was 
grouping of both f ib re  types. Some type 1 f ib res  showed evidence of 
targetoid formation and had a "moth-eaten" appearance.
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Re-assessment - This patient  was seen 10 months la ter  and there was no 

evidence of de ter io rat ion or improvement. She was s t i l l  very act ive 

and was playing the same sports as before.

CASE 2 (K.V.)

This 21-year-old, white g i r l ' s  development was apparently normal 

unci i she started walking. Although unable to walk unaided, she was 
observed to have a d i s t i n c t  Trendelenberg ga i t  when led by the hands.
At the time, her parents thought that she was copying her 5-year-old 
s is te r  who also had spinal atrophy and walked with a marked irendelen-

berg ga i t .

On assessment, strength in the upper limbs was found to be good, 

whi le in the lower extremit ies i t  was poor to f a i r ,  with the exception 
of the ankles, which were f a i r  plus. Strength of the trunk muscles was 
f a i r  plus. Reflexes were a l l  absent. Gait (when holding on to ob­
jec ts )  was poor owing to pelv ic i n s t a b i l i t y ,  and she f e l l  quite of ten.
No fasc icu la t ion  of tongue or skeletal muscles was noted and there was 
no bulbar involvement or respiratory d i f f i c u l t y ,  although i t  was repo r t ­

ed tha t  she was prone to chest infect ions during the winter months, 
s' ght tremor in the upper and lower extremit ies was apparent. There 
was no evidence of any sensory disturbances. The CPK level was raised 

(to 238). The family h is to ry  was negative.

EMG - Muscles of the upper and lower extremit ies were examined. Many 
of the motor units  were polyphasic in appearance, the motor-unit  a c t i v i ­
ty being of high to normal voltage. There was no evidence of any low- 

voltage myopathic units.

NCS - These were normal.

Muscle tension studies - See Fig. 4a; and Tables 3 and 4.
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NOS - These were normal.

Muscle tension stud ies - See Fig. 4a; a«,. Tables 3 and 4.

Muscle and nerve biopsy - Muscle samples were removed from the peroneus 
brevis muscle. Nerve t issue was taken from the sural nerve. H tology 
revealed widespread areas of grouped f ib re  atrophy. Many small , angu- 
lated f ib res  were present, as w i l l  as some hypertrophic f ib re s .  Histo- 
chemical studies showed grouping of both f ib re  types. Hypertrophic 
f ib res  were of both the type 1 and type 2 va r ie t ies .  Tyne 1 f ib res  
showed targetoid , nation and had a "moth-eaten" appearance.
Sural nerve studies showed grouping of nerve f ibres of the same size,  as 
well as loss of  f ib res .  Some f ibres showed evidence of degeneration of 

myelin. There was no "onion-peel ing".

Re-assessment - This patient was seen one year la te r .  He went to the 
army one month a f te r  the biopsy had been carr ied out and was discharged 
2 weeks la te r  because he could not walk. On re-assessment, his muscle 
strength was found to have deter iorated.  The patient explained that 
his upper limbs were weak and that  he could no longer take part in sport. 
He f e l l  fa r  more often than before, and was unable to run very fast be­

cause lie " tr ipped over his own feet '  . He could not skip. His ie f t  
ankle was said to be permanently swollen and pa in fu l ;  and some days i t  
vas so bad that he was unable to walk. The patient also found that his 
l e f t  leg t i red  rapid ly . On examination, there was marked wasting of 
both legs, especial ly on the l e f t  side. S l igh t  wasting of the small 
muscles of the hands was also noted. He walked with a d i s t i n c t  limp 
and when weight-bearing on the l e f t  lower l imb, he hyperextended the 
knee. Hvperextension of  the knee was also seen in standing. He had a 
s l ig h t  equinovarus deformity of the foo t  on the l e f t  when walking and 
most of the body weight was d is t r ibu ted  on the la te ra l  border of the foot.  
When he was t i r e d ,  the equinovarus was accentuated and caused him to t r i p  
and f a l l .  General muscle strength was s l i g h t l y  weak, with the excep- 
t ions of  toe extension, which was poor; ankle do rs i f lex iun ,  eversion and 
p lan tar f lex ion ,  a l l  of which were f a i r ;  elbow extension, which was f a i r ;  

and adduction of the r i g h t  index f inger ,  which was zero. The l e f t  side
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Muscle biopsy - Tissue was removed from the vastus la te ra l  is muscle un­
der general anaesthesia. His :o1ogica1 and histochemical studies showed 

evidence of large areas of grouped, atrophi^ muscle f ib res .  Many of 
the type 1 and type 2 f ib res  were in the process of act ive breakdown. 
Muscle was under-developed in some areas, whi le in other parts, several 
f ib res  had become hypertrophied and contained ce n t ra l ly  orientated 

nucle i.  There was excessive branching of motor nerve terminals and 
many motor end plates were small and c lu b - l i k e ,  while others were ab­
normally large. Myelin deposition of  nerve terminals and intramuscular 

nerves was i r regu la r .

Re-assessment - When re-examined 1J years la te r ,  having had physiother­
apy during the intervening period, there was l i t t l e  evidence o f  any 
de ter io ra t ion  in muscle strength. Functional ly  she had improved. 
Whereas previously she was unable to walk independently or r ide her 
t r i c y c le ,  she was la te r  able to do so, although she s t i l l  had a marked 
Trendelenberg ga i t  and walked with hyperextendad knees and her arms in 
abduction. Her balance in standing was poor and she was s t i l l  unable 
to kneel. Physiotherapy had included: assistance with functional ac­
t i v i t i e s ,  general strengthening techniques including proprioceptive 
neuromuscular f a c i l i t a t i o n ,  exercises on the pezzi b a l l ,  and the neuro- 

deveiopmental (Bobath) method of  treatment.

CASE 3 (C R.)

This very th in ,  Bg-year-old, white g i r l  was abnormal v i r t u a l l y  from 
b i r th  and was unable to hold her head erect  at  the correct age, although 
her mother thought that she was able to s i t  unsupported at  6 months.
The c h i ld 's  weakness remained undetected u n t i l  she was 1 year old.
When she commenced walking at  approximately two years of  age, her ga i t  
was seen to be abnormal ana she f e l l  quite often. She was subsequently 
never aole to run, had d i f f i c u l t y  walking up inc l ines or cl imbing s ta i rs  
and t i re d  very qu ick ly . She had received anti - in f luenza in ject ions 
annually, because of  su sce p t ib i l i t y  to chest in fec t ions.  She was doing
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deteriorated and that she had several successive chest in fect ions dur­

ing t h * intervening period.

CASE 4 (S.B.)

A 48-year-old, white man presented with an 8-year h is to ry  of pain 
and progressive weakness in the upper ex tremit ies. I t  commenced with 

pain in the shoulders and rapid fa t igu ing when ra is ing the arms above 
the head. During the ensuing years, his upper extremit ies became weak­
er and he experienced burning sensations in various parts of  the body, 
p a r t i c u la r ly  over an area on the l e f t  th igh, dorsum of the l e f t  foot  and 
in the upper l imbs. He also noticed that  his condit ion became very 
much worse in cold weather; and during strenuous exert ion, the muscles 
readi ly  went in to  cramo. No family h is to ry  of  neurogenic disorder 

could be ootained.

On examination, there was marked wasting of  the small muscles of 
the hands and the muscles of the l e f t  leg, p a r t i c u la r ly  t i b i a l i s  a n te r i ­
or. General ly, muscle strength was good, although in the more d is ta l  
muscles of the upper and lower extremit ies i t  was f a i r  to f a i r  plus. 
Range of  motion (both act ive and passive) of  a l l  jo in t s  was normal, ex­
cept fo r  act ive do rs i f lex icn  o f  the l e f t  foo t ,  which was l im i ted  by 10°. 
Reflexes in the upper extremit ies were br isk as were the knee je rks ,  
while both ankle tendon ref lexes were depressed. Posture and ga i t  were 

normal.

Muscle tension studies - See Fig. 4a; and Tables 3 and 4.

Muscle biopsy - Tissue was removed from the vastus la te ra l i s  muscle. 
Histo logical  studies showed marked var ia t ion  in f ib re  size,  evidence of 
scattered atrophy of f ib re s ,  s l i g h t l y  increased central nuclear migra­

t ion ,  and an increase in the amount of f ibrous t issue. Histochemistry 
revealed grouping of ind iv idual f ib re  types. Type 1 f ib res  showed e v i ­
dence of targetoid formation and had a "moth-eaten" appearance.
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Re-assessment - When seen one year la te r ,  the pa t ien t 's  condit ion had 
remained unchanged.

CASE 5 (P.E.)

A 44-year-old, white man presented with weakness of his l e f t  lower 
extremity. He was unable to run and as a resu l t  was no longer able to 
play tennis or foo tb a l l .  He experienced d i f f i c u l t y  cl imbing s ta i rs  
and had to use his arms, by pu l l ing  on the banister . he also noticed 
that  he t i red  quite eas i ly .  His ai lment had f i r s t  commenced 3 years 
previously when, fo l lowing a 2-mile walk, he became dizzy and started 
staggering. This was accompanied by a strange loss of  fee l ing in the
f ing e r t ip s  of his l e f t  hand but which lasted only a few days. He sub­
sequently complained of a "f loppiness" of  his l e f t  lower extremity, a 
condit ion which never seemed to resolve. There was no family h is tory  
of  any neuromuscular disorder.

On examination, muscle strength in the upper extremit ies was found 
to be normal. There was s l ig h t  wasting of  the l e f t  lower extremity , 
with s l ig h t  weakness of the r ig h t  lower extremity and in the abdominal 
muscles. The l e f t  lower extremity was weaker than the r ig h t ,  muscle 
strength being nevertheless f a i r  plus, especia l ly  hip abduction, ankle 
eversion and toe extension, even though a l l  movements were performed 
through f u l l  range agairs t  grav i ty  and with s l i g h t  resistance. When
walking, the pa t ien t  hac a s l ig h t  1 imp and tended to circumduct the
l e f t  leg. Sensation was normal, as was his balance.

EMG - Muscles o f  the lower extremit ies were examined. Motor-unit  ac­
t i v i t y  in the an ter io r  t i b i a ! , peroneal and quadriceps femoris muscles 
on the l e f t  side showed inadequate recruitment. However, th is  was 
better on the r i g h t  side. There were occasional, high-voltage poly-
phasic units  present. During fat igue studies,  i t  was noted that the
muscles fat igued abnormally.
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NCS - There was slowing of nerve conduction, p a r t i c u la r l y  in the r ig h t  
la te ra l  popl i tea l  nerve, in which the conduction ve loc i ty  was 38 ms"1.

Muscle tension studies - See Fig. 4a; and Tables 3 and 4.

Muscle biopsy - Samples were removed from the vastus la te ra l  is  muscle. 
Histo logical  studies showed marked var ia t ion  in f ib re  size, with areas 

of grouped f ib re  atrophy as well as single f i b r e  atrophy. Histochemis­
t r y  demonstrated small areas of grouping of both f ib re  types. Several 
type 1 f ib res  had a "moth-eaten" appearance. Motor end-plate studies 
revealed var ia t ion  in size and formation of the end pla tes, with exces­
sive branching of motor nerve terminals.

Re-assessment - When seen 17 months la te r ,  th is  pa t ien t 's  condit ion had 
remained unchanged.

CASE 6 (F .C.)

This coese, j o v i a l , 43-year-old, white woman f i r s t  developed weak­
ness of  her extremit ies at  approximately 18 years of  age. Thereafter, 
the disease progressed slowly and i t  was not u n t i l  she consulted a doc­
to r  about pain in her r ig h t  hip, that generalized weakness was detected. 
Her main complaints were that she had d i f f i c u l t y  in combing her ha i r  or 
performin'’ any task which involved elevation of one or both upper limbs. 
She was unable to cl imb s ta i rs  without the aid of a banister and had a l ­
so noticed that she walked with a s l ig h t  1 imp - "as though one leg was 
shorter than the o th e r " . She was a heavy smoker.

On examination, there was marked weakness of a l l  proximal limb mus­
c le groups, strength in these muscles being only f a i r .  The r i g h t  side 
was s l i g h t l y  more affected than the l e f t .  There was winging of both 

scapulae, which was more prominent on the r ig h t  side. The d is ta l  mus­
cles of  a l l  extremit ies were s l i g h t l y  weak and although strength in her 
hands was good, the pat ient  had to change her job owing to i n a b i l i t y  to
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maintain a strong gr ip  fo r  any length of time. There was also evidence 

o f  s l ig h t  weakness of the fac ia l  muscles. Eye movements were normal. 
The patient had a s l ig h t  Trendelenberg g a i t ,  which was mere ob/ious du­

r ing mid-stance phase of  the r ig h t  lower extremity. A mild kyphosis 
was also noted. Passive and active range of  motion of  a l l  j o in t s  was 
normal. Tendon reflexes were present and equal on both sides, as were 
peripheral pulses. There was no sensory loss. Questioning revealed 
tha t  the patient had two chi ldren, aged 24 and 23, both of  whom had 
weakness s im i la r  to hers. However, according to the pa t ien t ,  there was 
no previous h is to ry  of neuromuscular disorder in the family.

EMG - Muscles o f  the upper extremit ies and trunk were examined. Many 
motor un i ts ,  p a r t i c u la r ly  of  the more proximal muscles and especia l ly 
trapezius, supra- and in fraspinatus, showed f a l l - o u t  of  motor-unit  
a c t i v i t y .  Much of  the remaining motor-unit  a c t i v i t y  was of low voltage 
and some of i t  polyphasic. Other areas had normal motor-unit  a c t i v i t y .  
General ly, muscle was found to fat igue abnormally.

NCS - These were normal.

Muscle tension studies - See Fig. 4a; and Tables 3 and 4.

Muscle biopsy - Tissue was removed from the vastus la te ra l i s  muscle. 
Histo logical  studies revealed a marked va r ia t ion  in muscle f ib re  size. 
There was an increase in the amount of  f a t  and f ibrous t issue w i th in  
the muscle. Histochemistry showed marked grouping, p a r t i c u la r ly  of 
type 1 f ib res .  Type 1 f ib res tended to be small. Several type 1 
f ib res  were i r regu la r  in shape and had a "moth-eaten" appearance. Some 
hypertrophic type 1 and type 2 f ibres were seen.

Re-assessment - This patient was re-assessed two years la te r .  1 £ years 
p r io r  to th is  she had a hysterectomy, fo l lowing which she became weaker. 
At the time of  re-assessment, she was unable to f le x  or abduct the 
shoulders beyond 8C°, and consequently she could not perform any a c t i v i ­
t ie s  requir ing th is  act ion. She found she t i r e d  very qu ick ly , although 
she was s t i l l  able to do her job. Her general muscle strength had
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deteriorated to some extent and as a consequence she now walked with a 
marked Tredelenberg g a i t .  She had pain in the r i g h t  upper extremity on 

a l l  resisted movements but had learn t  to compensate by using her l e f t  
hand and forearm fo r  most a c t i v i t i e s .  She had stopped smoking and, as 

a re s u l t ,  had gained 20 kilograms in weight. Despite the de ter io ra t ion  
in her condit ion, th is  woman was s t i l l  quite act ive and t r ied  to lead as 
normal a l i f e  as possible.

CASE 7 (J-M.K.)

This 2-year-old, white boy wa_ re la t i v e ly  inactive at b i r th  and was 
in an incubator fo r  twelve days. He was very hypotonic, had a weak cry 
and had d i f f i c u l t y  in sucking. Ci the fourth  day, he had two convul­
sive attacks and subsequently, V ee r  receiving p e n i c i l l i n ,  had a true 
grand mal seizure. Once out of the incubator, he began to improve, and 
from th is  time onwards he had physiotherapy. Motor development was de­
layed and he only walked at  eighteen months of  age. He held his head 
up at  eleven months and crawled at  fourteen months. In te l l e c tu a l l y ,  he 
was above average and began speaking at eleven months. At about t h i r ­
teen months, i t  was noticed that he had marked drooping of both eyel ids 
and s lanting of  the eyes. He was always very susceptible to upper res­
p i ra to ry  t rac t  in fec t ions .  There was no h is to ry  o f  any neuromuscular 
disorder in the fami ly .

On assessment, muscle strength on the r ig h t  side of  the body was 
good to normal, whi le on the l e f t  side i t  was f a i r  plus to good. The 
pa t ien t 's  head was in an extended pos i t ion ,  to compensate fo r  the droop­
ing eyel ids.  He had a d i s t i n c t  1 imp when walking, th is  becoming more 
pronounced when running. his teeth were very small and pointed. Re­

f lexes were present and equal on both sides and sensation was normal.

EMG - Muscles of both upper and lower extremit ies were examined. The 
motor units seen were of  normal size and duration and there was no e v i ­
dence of denervation a c t i v i t y .
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NCS - Nerve conduction studies were normal.

Muscle tension studies - See Tables 3, 4 and 5.

Muscle biopsy - Tissue was removed from the de l to id  muscle. Histology
revealed normal muscle t issue. Histochemistry, however, showed areas
of f ib re  type grouping, mainly of the type 1 va r ie ty .  Motor nerve and 
nerve terminals with end plates were normal.

Re-assessment - When seen 2 years la te r ,  th is  ch i ld  had a normal g a i t ,  
and muscle strength was almost normal fo r  his age. He had been attend­
ing a school fo r  disabled chi ldren where he had physiotherapy fo r  one 
hour, three times a week. Treatment was based mainly on the neurode- 
velopmental (Bobath) method of  handling, although general strengthening 
techniques such as proprioceptive neuromuscular f a c i l i t a t i o n ,  exercises 
on the pezzi bal l  and functional a c t i v i t i e s  were also used. The most 
evident residual deformity was drooping of the eyel ids, but even th is  
had improved. His neck was held in s l ig h t  extension, to compensate fo r  

the ptosis.

CASE 8 (C.P.)

This 5-year-o ld, white boy had normal ear ly  milestones and walked 
at  13 months. At 18 months, his mother noticed that he was "slapping" 
his feet  down when he walked and that he had a very arched back. When 
he was 3 years old, he started walking on his toes; and at  the age of 
four ,  appeared to f a i l  fa r  more often than other chi ldren of the same 
age. He managed to keep up with other ch i ldren, although he t i red  
eas i ly .  He experienced great d i f f i c u l t y  cl imbing s ta i rs  and running, 

although he was able to do both.

On examination, th is  small ch i ld  walked on his toes and had a 
s l ig h t  Trendelenberg ga i t .  He had a marked hyperlordosis and 5 hip 
f lex ion  contractures. Dorsif lexion of  the ankles was very l im i ted ,
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both ac t ive ly  and passively, and his c a l f  muscles were somewhat larger 
than would have been expected fo r  a ch i ld  of his age and stature. Mus­

cle strength was general ly good to normal except fo r  hio abduction on 

both sides, which was f a i r .  Tendon reflexes were decreased. Balance 
was f a i r  in standing but normal in a l l  other posit ions.  Co-ordination 

was good. There was evidence of  an extra fo ld  over the inner canthus 
of the l e f t  eye and the pat ient  had previously had surgery fo r  squint 
correct ion.  At 91, the CPK level was s l i g h t l y  elevated.

EMG - Muscles of the lower extremit ies were examined. The motor units 
visual ized were mostly w i th in  normal l im i t s ,  although some appeared to 
be excessively polyphasic. N. denervation a c t i v i t y  was noted.

NCS - Nerve conduction studies were normal.

Muscle tension studies - On exposure to methohexital, the muscle went 
into spasm, but relaxed a f te r  a few minutes. On re-administra t ion of 
a greater concentration of methohexi t a l , i t  once again contracted and 
recovered spontaneously a f te r  a few minutes. The muscle was also un­
duly sensi t ive to succinylchol ine. See Figs 5 and 6; and Tables 3,
4 and 5.

Muscle and nerve biopsy - Tissue was removed from the gastrocnemius mus­
cle and sural nerve. Histolog ical  and histochemical studies revealed 
small , under-developed type 2 f ib res ,  although the d is t r ib u t io n  and num­
ber of type 2 f ibres was normal. There was no evidence of  denervation 
a c t i v i t y  or grouping of  ind iv idual  f i b re  types.
Biopsy f indings of the sural nerve were re la t i v e ly  normal, except that 
many axons showed "whorl ing" of  myelin, ind icating that e i the r  myelin i - 
zation or demyelinization was taking place.
Electron microscopy showed normal to very large mitochondria, with loss 
of c r is tae .  Lipid was seen in many degenerating mitochondria.

Re-assessment - This ch i ld  was re-examined 2J years la te r .  One year 

p r io r  to the re-assessment, he had b i la te ra l  lengthening of  tendo
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Calcaneus. Following the operation, his c a l f  muscles returned to a 

normal size. He no longer walked on his toes and his ga i t  was almost 

normal. He was able to climb s ta i r s  eas i ly ,  but s t i l l  t i r e d  more than 
other chi ldren.  The hip abducMrs had improved in strength and were 
only s l i g h t l y  weak. General muscle strength remained unchanged. Ba­

lance was normal in a l l  posit ions. He s t i l l  had 5° hip f lex ion  con­
tractures and a marked hyperlordosis, but i t  was noticed that his mother 

had a s im i la r  posture, although not as exaggerated.
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the I ' f t .  Muscle strength was normal, with no evidence of  fa t igu ing 

with .regressive exercise. Balance and co-ordination were normal.

EMG - Muscles of the upper extremit ies were examined. Motor units were 
of normal size and duration and recruited normally on v o l i t i o n .  There 

was some evidence of fa t igu ing of  the fac ia l  muscles.

NOS - These were normal.

MJS - On repeated st imulat ion of  the myoneural ju n c t io n , there was f a l 1 - 
o f f  o f  induced a c t i v i t y  to below 20% of normal. Recovery was good. 
Response to intravenous edrophonium was reasonable at  the peripheral le ­
vel only.

Muscle tension studies - See Figs &b and 5; and Tables 3 and 4.

Muscle biopsy - Specimens were removed from the de l to id  muscle. Muscle 
histo logy was normal on the whole, with occasional evidence of a small 
f i b r e .  Muscle histochemistry revealed a s l ig h t  increase in the number 
of type 1 f ib res .  Motor nerve terminal and end-plate studies showed 
normal terminal branching and myelin izat ion. Many of the terminals 
were small and under-developed, while some tended to "ramble".

Re-assessment - When seen one year la te r ,  a f te r  the patient had been on 
a course of prednisolone for the ent i re  period, resu lts were found to be 
excel lent . The patient  no longer had d i p l o p i a , although Blurr ing of 
v is ion did occur fol lowing long periods of reading or a f te r  the drinking 
of an alcohol ic beverage. He did not t i r e  in the afternoons any more, 
and no longer f e l l  as he used to before treatment was s ta r ted .

CASE 22 (A.S.l

• : 36-year-old, white woman's disease commenced when sne
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CASE 9 (O.K.)

A 13-year-old, white boy presented with a f ive-year h is to ry  ot d i f ­

f i c u l t y  with his fee t .  When he was e ight,  his mother noticed that his 
toes had started cur l ing inwards and that he subsequently started walk­
ing on his teas. He had great d i f f i c u l t y  in running and unless he was 

very care fu l ,  would often f a l l .  The mother also reported that his 
balance was poor and that th is  was especia l ly marked when he rose in the 
mornings. Over the past year and a h a l f ,  weakness had developed in ms 
legs and the deformity had become worse. The family h is tory  revealed
that  one of the mother's s i s te r 's  chi ldren had developed hammer toes,

but th is  patient was not followed up.

On examination of the boy under discussion, i t  was round that  there 

was pes cavus and marked wasting and weakness of the d is ta l  muscles uf 
the lower l imbs. Dors i f lex ion of the r ig h t  ankle was impossible, whi le 

on the l e f t  side he was able to i n i t i a t e  a contract ion.  Muscle 
strength of toe extension b i l a t e r a l l y  was poor, whi le that  of toe t! ex­
ion was f a i r .  There was also s l ig h t  weakness of the p i a n t a r f lexers or 
both feet and b i la te ra l  shortening of tendo calcaneus. he more p rox i ­
mal muscles of the lower extremit ies were s l i g h t l y  weak. ihe patient 
had a high-stepping ga i t  and although he walked on the bal ls  or his reet, 

when he put his foot down on the ground, the arches were f l a t ,  
ga i t  was worse when he walked bare-footed. His balance in standing was 
poor. Apart from s l ig h t  wasting and weakness of the small muscles o, 
the hands, the upper limbs seemed normal. Reflexes were a l l  absent ana 

sensation was s l i g h t l y  diminished in the feet.

EMG - Muscles of the upper and lower extremit ies were examined.
—  marked f a l l - o u t  of motor-unit  a c t i v i t y ,  almost resu l t ing in a p ic ­
ture of single motor-unit  a c t i v i t y  in the peroneal group or muscles. 
There was evidence of denervation a c t i v i t y  in the anter io r  t i b ia !  m u s ­

cles and in several other muscles tested. A strength/durat ion curve or 

the r ig h t  abductor p o l l i c i s  brevis muscle showed a pattern of pa r t ia l  

denervation.
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NCS - Conduct ion v e l o c i t i e s  in  the legs were d r a m a t i c a l l y  reduced. 

Conduction in  the r i g h t  median nerve was slowed to  41 ms l .

Muscle tension studies - See Fig. 4a; and Tables 3 and 4.

Muscle biopsy - Specimens were removed from the peroneus brevis muscle. 

Histological and histochemical tests revealed large areas of grouped 
f ib re  atrophy a f fec t ing  type 1 and type 2 f ib re s ,  the former Being af 
fected to a greater extent. Some small , angulated type 1 f ib res  were 
seen. Type 1 f ib res  showed targetoid formation and had a "moth-eaten 
appearance. Motor nerve terminals showed excessive branching and short­

ening of internodal lengths. Motor nerve end plates varied markedly 

with respect to f ib re  size and shape.

Re-assessment - This patient was re-examined a f te r  1; years. His high- 
stepping ga i t  was not as exaggerated as before and balance nad improved 
s l i g h t l y .  His mother had noticed the improvement in his balance and 

said that  he did not f a l l  as often as he used to. Muscle strength in 
the lower limbs had not altered but his upper limbs haa -ecome more in ­
volved. The small muscles of the hands were weaker and there was more 
proximal weakness of  the upper extremit ies as we l l .  A - ' r t  from having 

los t  a lo t  of  weight, his c l i n i c a l  p ic ture was otherwise unchanged.

CASE 10 (R.D.)

This 14-year-old, white boy had f i r s t  observed the abnormal appear­

ance of his feet  three years previously. His toes started splaying and 
he noticed that he had very high insteps. His main complaint was that 
he experienced pain in the knees. He was a very ac t ive ,  nealthy young 

man who took part in many competi tive sports. There was no family h is ­

tory of  neurogenic disorder.

Physical examination showed some wasting of the lower extremit ies, 

which was more evident in the legs. Muscle power in the lower
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extremit ies was general ly good, except in the t i b i a l i s  an te r io r  and 
peroneal muscles, in which i t  was f a i r .  This resulted in weakness of 

do rs i f lex ion ,  in -  and aversion. I n s t a b i l i t y  of his ankles was the most 

l i k e l y  cause of  pain in his knees. Knee f lex ion  and extension were a l ­
so s l i g h t l y  weak. His ga i t  was normal, even though he had obvious pes 
cavus. Al l  ref lexes were present and equal . The upper extremit ies 

were normal and there was no palpable evidence of thickening of nerves. 

Sensation was normal.

EMG - Muscles of the upper and lower extremit ies were examineu. In the 
lower l imbs, p a r t i c u la r ly  in the peroneal and an ter io r  t i b ia !  muscies, 
there was increased polyphasic a c t i v i t y .  No evidence of act ive dener­

vation a c t i v i t y  was detected.

NCS - These were wi th in normal l im i t s .

Muscle tension studies - See Fig. 4a; and Tables 3 and 4.

Muscle biopsy - Tissue was removed from the peroneus brevis muscle.
Histology revealed increased var ia t ion  in f ib re  s ize,  whi le some of the 
smaller f ib res  showed an increase in the number of cen t ra l ly  orientated 
nucle i .  Histochemical tests showed that most of the smaller f ibres 
were of  the type 1 var ie ty .  There was a tendency to minor grouping of 
both f ib re  types. The overa l l  f i o re  type count showed a d e f i c i t  of 
type 1 f ib res .  Motor nerve terminals showed increased branching, i n d i ­
cat ing denervation and re-innervat ion a c t i v i t y .  There was increased

var ia t ion  in size of end plates.

Re-assessment - When the pat ient  was re-examined 10 months la te r ,  his 
condit ion was found to have remained the same. He was s t i l l  as act ive 

as before.
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CASE 11 ( A . L . )

A hypsrtensive, 50-year-old, white woman presented with a four-  

year h is to ry  of progressive numbness and t in g l in g  in the fee t  and, to a 
lesser extent, in the hands. This was associated with weakness, par­
t i c u l a r l y  in the lower extremit ies. She experienced great d i f f i c u l t y  
climbing s ta i rs  and walking without shoes. She was unable to open 
bott les and frequently dropped objects because she could not maintain a 
f i rm  gr ip .  Questioning revealed that despite her pa r t ic ioa t ion  in nu­
merous sport ing a c t i v i t i e s  as a young g i r l ,  her lower extremit ies never 
developed properly and were always " t i r e d " .  She also recal led having 
fa l le n  quite often. There was a family h is tory  of  neurogenic disorder 
in that  her fa ther and one of  her s is ters  had experienced t in g l in g  in 

the hands.

On examination of the pat ient  under discussion, there was wasting 
and weakness of both lower l imbs, which was more marked d i s t a l l y ,  es­
pec ia l ly  in the t i b i a l i s  an ter io r  and peroneal muscles, in which muscle 
strength was assessed as being f a i r .  The pat ient  had marked pes cavus 
and clawing of toes, with resul tant l im i ta t io n  of  toe extension. Her 

lower limbs were cold and the skin was mott led. Ankle ref lexes were 
absent, whi le those of the knee, biceps and tr iceps were j u s t  obtainable 
There was wasting of the small muscles of the hands and she had a weak 
gr ip .  Sensation was diminished in a glove-and-stocking fashion. ;he 
patient walked with d i f f i c u l t y  and an associated mild ataxia was present 
Her balance was poor, especia l ly  in the kneeling and standing posit ions. 

Under stress,  her condit ion de ter io ra ted .

EMC - Muscles of both upper and lower extremit ies were tested. The ex­
tensor p o l l i c i s  brevis muscles showed very l i t t l r  -  ’ Hence of  motor-unit  
a c t i v i t y ,  whi le the t i b i a l i s  an ter io r  muscles sho y '-vo ltage poly-
phasic a c t i v i t y .  The f a l l - o u t  of moccr-unit a c t i v i t y  and high-voltage, 

polyphasic a c t i v i t y  was evident in most muscles, p a r t i c u la r ly  those 

situated more per iphera l ly .

NCS - Conduction ve loc i t ies  in the legs were equal ly slowed to 24.5 ms 1
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The r ig h t  ulnar nerve conduction ve loc i ty  was slowed to 24.5 ms 1, while 

that of  the r ig h t  median nerve was normal. The response of the muscle 
to d i re c t  st imulat ion revealed a pattern of pa r t ia l  denervaLion.

Muscle tension studies - See Tables 3 and 4.

Muscle and nerve biopsy - Specimens were removed from the peroneus 
brevis muscle and nerve t issue from the sural nerve. Histology and
histochemistry revealed large areas of grouped atrophy af fec t ing  both

f ib re  types. The remaining, normal f ib res  were almost e n t i re ly  of the 
type 1 var ie ty .  There was also an increase in the a nt of f a t  and
fibrous t issue. There was increased branchi .] * moto. nerve termi
nals. Motor end plates were abnormally diver ' n size and shape. 
Cross-section of  the sural nerve revealed deoletion of the nerve popu­

la t io n  and shrinkage of  the nerve in general.

Re-assessment - This pat ient  was re-examined 2 years la te r .  Apart from
reported, infrequent recurrences of numbness in her hands and fee t ,  sen­

sation was normal. As a consequence, her ga i t  had improved but she 
s t i l l  had some d i f f i c u l t y  in walking bare-footed or in shoes with very 
low heels. When wearing shoes with a 3.5 cm heel, her ga i t  was almost 
normal. The mild ataxia was no longer evident. Although her general 
muscle strength remained unchanged, she found that she no longer drop­
ped things as frequent ly  as when the numbness had been present continu­
ously. Otherwise, her condit ion had remained unaltered since the i n i ­

t i a l  assessment.

CASE 12 (P.P.)

This s l i g h t l y - b u i l t ,  9-year-old, white boy apparently had normal 

early  milestones but did not walk un t i l  approximately seventeen months 
of age. From the time he star ted walking, i t  was noticed that he had 

an abnormal g a i t ,  was knock-kneed and had f l a t  fee t .  He was subse­
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quently f i t t e d  wi th special shoes to correct the pes planus and genu 
valgum, but the underlying muscular problem was not detected. He wore 

the special shoes fo r  two years. When he was 4i years old his mother  ̂
noticed that he had developed very high arches, was walking "pigeon-toed 

and had s l ig h t  clawing of the toes. As time progressed, clawing of  the 
toes became worse; and i t  was not u n t i l  recent ly tha t  his condit ion was 
diagnosed as PMA. He had never been a strong ch i ld  and although ne 
played tennis and soccer a t  school, he could not kick the soccer bal l  
properly. He was unable to run very fas t  because his feet tended to 
drag and he t i re d  eas i ly .  He could not throw a c r icke t  bal l  as fa r  as 
other boys of his age. When he was t i r e d ,  his handwrit ing oecame i l -  

leg ib le .  The family h is to ry  was negative.

On examination, he had a s l ig h t  Trendelenberg g a i t .  The r ig h t  
lower limb showed some degree of in te rna l  ro ta t ion .  S l igh t  genu valgum 

was evident on both sides, as was m i ld ,  b i la te ra l  pes equinovarus.
When standing, he had marked genu recurvatum. Muscle power was genera - 

ly good, the l e f t  side of  the body being more af fected than the r ig h t .  
Muscle strength of the peroneal and an ter io r  compartment groups of mus­

cles was f a i r  plus. Balance and co-ord ination were normal. Tendon 
ref lexes were reduced in the ankles. Sensation was s l i g h t l y  diminished

in both hands.

EMG - Muscles of  the lower extremit ies were tested. Motor-umt a c t i v i -  
ty~was of high voltage in the more d is ta l  muscles such as t i b i a l i s  an­
t e r i o r ,  and there was some f a l l - o u t  of  motor-unit  a c t i v i t y .  This was 

the same in the peroneal group of muscles.

NCS - Nerve conduction ve loc i t ies  were normal.

M„<np tension studies - See Fig. 4a; and Tables 3 and 4.

Muscle biopsy - Specimens were removed form the peroneus brevis muscle. 
Histological study revealed scattered, iso lated, atrophic muscle f ib res .  
Muscle histochemistry showed early  grouping of  ind iv idual  f ib re  types. ^
Some type 1 f ib res  were m orp h o lo g ic a l l y  abnormal. Motor nerve terminals
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and end plates showed some increased v a r i a b i l i t y  in size and there was 
s l ig h t  increase in branching of the former.

Pi-assessment - When re-examined 1 year la te r ,  th is  c h i ld 's  condit ion 
had remained unchanged.

CASE 13 (I .daR.)

This short,  overweight, 43-year-old, white woman complained of con­
tinuous pain in the r ig h t  "arm". She had been to ld  that when three 
weeks old, she had an operation on her r ig h t  upper arm fo r  what her 
mother had described as some lesion over the elbow, resu l t ing  in exuda­
t ion of material from the middle of  the upper arm. Pain was worst at  
the s i te  of the operation and she experienced a "pu l l ing "  sensation on 
the dorsum of the r ig h t  hand and w r is t .  She was unable to do any hard 
work and tended to drop objects because of weakness and rapid fat igue of 
her gr ip .

On examination, there was a scar and l i t t l e  fa t  over the la te ra l  
aspect of the r ig h t  upper arm at  the mid-shaft level of  the humerus.
A healed scar was present over the r i g h t  elbow. Pain on palpation was 
most marked over the head of  the radius and mid-biceps region on the 
r ig h t  side. There was s l i g h t  muscle wasting around the r igh t  shoulder 
g i rd le .  As fa r  as muscle strength is  concerned, shoulder f lex ion  and 
extension were good, while shoulder abduction was f a i r  plus. Elbow 
f lex ion and extension were good and although a t  f i r s t  the patient seemed 
to have a strong "power" g r ip ,  th is  fat igued quite rap id ly .  Otherwise, 
her general muscle strength appeared to be normal, although there was 
s l ig h t  d is ta l  weakness in the upper and lower extremit ies. A l l  tendon 
reflexes were absent. Peripheral pulses were present and equal. Sen­
sation was normal.

EMG - Muscles of both upper extremit ies were examined. This showed a 
f a l l - o u t  of motor-unit  a c t i v i t y  in most muscles tested, but was more
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evident as the electrodes were placed d i s t a l l y .  Remaining motor units 
tended to be of high voltage and polyphasic.

NCS - Nerve conduction ve loc i t ies  were very slow in a l l  nerves tested, 
that  in both the r ig h t  median and l e f t  ulnar nerves being 15 ms'1. The 
r ig h t  ulnar nerve conduction ve loc i ty  was 17.5 ms'1, whi le that in the 
l e f t  median nerve was 16 ms"1.

Muscle tension studies - See Fig. 4a; and Tables 3 and 4.

Muscle and nerve biopsy - Specimens were removed from the peroneus bre­
vis muscle. Nerve tissue was taken from the la te ra l  cutaneous nerve. 
Histo log ical  tests showed marked var ia t ion  in f ib re  size. There was 
much single f ib re  atrophy. In some areas, grouped atrophy was seen.

Histochemical examination revealed involvement of  both f ib re  types, a l ­
though type 2 f ibres were more affected, many of  these being small and 
angular. Type 1 f ib res  showed -vidence of targetoid formation and had 
a "moth-eaten" appearance.

Study of the la te ra l  cutaneous nerve showed some degenerating f ibres as 
we1l a. ’ ome very well-myelinated f ib res .  There was marked loss of 
f ib res  c1 intermediate size and reduction in the number of small myel in­
ated f ib re  . Some onion-peeling" was seen. There was an increase in 
the amount of  collagen.

Re-assessment - When re-assessed l i  years la te r ,  th is  pa t ien t 's  condi­
t ion  was unchanged.

CASE 14 (M.R.)

This t a l l  15-year-o ld, white g i r l ' s  disease was f i r s t  detected 

when she was about 8 years of  age. Over the years, her condit ion be­
came progressively worse and more incapacita t ing. Her main complaint 
was that she had d i f f i c u l t y  in walking and running. Unless she
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concentracsd while carry ing out these a c t i v i t i e s ,  she would t r i p  and 
f a i l .  She stated tha t  she was unable to gr ip  the ground with her toes 

as they were "curled inwards". She could not balance when wearing 
high-heeled shoes because her ankles were too weak, and she often t r i p ­
ped when going up or down s ta i r s  She had not noticed any weakness in 
her hands and could perform a l l  functional tasks involving the hands 
without any d i f f i c u l t y .  Questioning revealed that at least f ive  out of 
s ix  known members of the family were affected to a varying extent by uhe 
same disease. The mother had high arches and although her muscle 

strength was normal, ankle and knee ref lexes were absent.

On examination of  the g i r l ,  there was marked, b i la te ra l  pes cavus 
and clawing of the toes. Dors i f lex ion and aversion of the r igh t  ankle 
were s l i g h t l y  weak while on the l e f t  they were only f a i r .  Flexion of 
the toes at the metatarsophalangeal jo in t s  and extension of the in te r -  
phalangeal jo in ts  was poor. The small muscles of  the hands showed ev i ­
dence of s l ig h t  wasting as well as s l ig h t  weakness. When walking, 
there was marked pes cavus at  the beginning o f ,  and during mid-stance 
phase of g a i t ,  but th is  changed to an accentuated pes planus at the end 
of stance phase and "push-off"  phase of ga i t .  The patient could not 
run very fas t  without t r ipp ing  and f a l l i n g .  During the enti re  ga i t  

cycle, her toes seldom touched the ground. Jo in t  posi t ion sense was 
ju s t  within normal l im i t s .  Balance and sensation were normal. Knee 
and ankle je rks ,  and those in the upper extremit ies, were absent.

EMC - Muscles of both upper and lower extremit ies were tested. There 
was marked fa l l - o u t  of motor-unit  a c t i v i t y  in the more d is ta l  muscles 

but no evidence of act ive denervation.

NCS - Nerve conduction studies revealed marked slowing in the legs.
The r igh t  median nerve conduction ve loc i ty  was dramat ical ly slowed to

21 ms-1 .

Muscle tension studies - See Fig. 4a; and lables 3 and 4.

Muscle and nerve biopsy - Muscle specimens were removed from the
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peroneus brevis muscle. Nerve was taken from the an ter io r  t i b i a !  nerve. 
Muscle histology showed marked var ia t ion  in f ib re  size and numerous cen­
t r a l l y  orientated nu c le i . Histochemistry revealed extensive grouping 

of f ib re s ,  the majo r i ty  of these being of type 1 va r ie ty .  Type 1 
f ib res  showed largeto id formation and had a "moth-eaten" appearance. 

Several small, angulated, type 2 f ibres were seen.
Studies of the an ter io r  t i b i a !  nerve revealed an overal l  loss of l a rge

and small myelinated f ib re s ,  most f ib res  being of intermediate size.
There was an increase in endoneural space. Larger and smaller f ibres 

showed "onion-peel ing", typica l  of the hypertrophic type of PMA.

Re-assessment - The pa t ien t  was re-assessed one year la te r .  Two months 
fol lowing the biopsy, o r tho t ics  were f i t t e d  to both fee t .  She subse­
quently founo that the toes on the r i g h t  foo t  were re la t i v e ly  s t ra igh t ,
whereas in the l e f t  foo t  there was l i t t l e  change. She could run fa r
better when wearing the or thot ics  and had noticed a decrease in severi ty 
of pes cavus. She no longer tr ipped when going up or down s ta i r s  but 
was s t i l l  unable to balance on a beam or wear high-heeled shoes. On 
examination, these reported f ind ings were confirmed, a ithough the p a ­

t i e n t ' s  general ga i t  pat tern had not a l te red. Her r ig h t  toes did touch 
the ground to a greater extent than before, but th is  was nevertheless 
s t i l l  ine f fec t ive  as fa r  as ga i t  was concerned. Functional ly , she now 
hau d i f f i c u l t y  opening bott les and turning on taps. I t  was found that 
her upper extremit ies had become involved as a resu l t  of the disease 
process, p a r t i c u la r ly  pronation and supination, muscle strength in both 
actions being on\y f a i r .  There was marked deter io ra t ion  in strength of 
the abdominal muscles and long toe extensors, both being poor. Hip ab­
duction was good on the l e f t  side and f a i r  on the r i g h t ,  but th is  did 
not appear to a l t e r  the o r ig ina l  ga i t  pattern. Otherwise, she had 
s l ig h t  generalized weakness. Active and passive do rs i f lex ion  of both 
ankles was l im i ted by about 15°. C ircu la t ion in the feet and hands was 
poor and d is t in c t  cyanosis was present. The patient commented that du­
ring the winter months, the cyanosis was fa r  worse. When taking a not 
bath, she experienced t in g l in g  and a numb feel ing in the fee t ,  which 
lasted fo r  approximately one minute. When sensation was tested, th is  
was diminished in both legs; and the pat ient  could not d is t inguish be­
tween sharp and blunt instruments. Response to heat and cold and l i g h t
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and heavy touch were s l i g h t l y  abnormal. Sensatioi in the hands was 
normal, other than in the l e f t  fourth f inger from the level of  the prox­

imal interphalangeal j o i n t  to the t i p  of the f inger on both the dorsal 
and palmar surfaces. Jo in t  posit ion sense was ju s t  within normal 
l im i t s ,  except fo r  the l e f t  hal lux, o f  which she was unable to t e l l  the 
posit ion at any time. Balance in standing was f a i r .  Despite her d is ­
a b i l i t y ,  the patient was s t i l l  able to play social tennis and had learnt  
to avoid a c t i v i t i e s  with which she knew she could not cope.

CASE 15 (R.S.)

This lean, act ive, 17-year-o ld , white boy had not experienced mus­
cular weakness u n t i l  a t r o l l e y  ran over his l e f t  ankle. His ankle had 
subsequently been very swollen. He noticed that he f e l l  quite often 
and could not walk long distances. He was no longer able to play soc­
cer but s t i l l  swam and was very good at boxing. When he was younger, 
he had f l a t  feet and wore special correct ive shoes fo r  l j  years. There 
was no family h is to ry  of neuromuscular disorder.

On examination, the pa t ien t  was found to have s l ig h t  wasting of 
muscles in Doth legs and a m i ld ,  b i la te ra l  pes cavus. His muscle 
strength was general ly normal except f o r  dors i f lex ion and eversion of 
both ankles, which were f a i r  plus. This weakness was more evident in 
cne l e f t  leg than the r ig h t .  Reflexes were present and equal on both
sides. Balance and sensation were normal. Marked swelling of the 
l e f t  ankle was apparent.

EMG - Muscles of the lower extremit ies were examined. In the extensor 
digitorum brevis muscles, there was f a l l - o u t  of motor-unit  a c t i v i t y ,  and 
much of the remaining motor-unit  a c t i v i t y  was of  high voltage and long 
duration. There was also f a l l - o u t  of  motor-unit  a c t i v i t y  in the t i b i a ­

l i s  an ter io r  and peroneus longus muscles. In addi t ion, the pe, aneus 
longus muscles showed evidence of denervation a c t i v i t y .
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CASE 28 ( A . K . )

7'ni ; .ea r -o ld , Asian man had a muscle biopsy two years previcus- 

ly ,  fol lowing an adverse reaction of a family member (nephew) to the 
administrat ion of halothane, whi le undergoing an operation fo r  removal 
of an extra f inger .  Results of h is to lo g ic a l , h i stochemical and elec­
tron microscopical examination, together with a posi t ive reaction to 
halothane, obtained during muscle tension studies, indicated that th is  
patient was possibly a ca r r ie r  of  MH (Dr Isaacs, personal communication; 
o r ig ina l  results  and tracings not ava i lab le) .  The serum CPK level was 

markedly raised.

On examination, there was thickening of the metacarpophalangeal 

■oints of  both hands and early "swan-necking" deformity of the fourth 
f ingers . A d i s t i n c t  l i sp  was evident when the patient spoke; and 
hearing on the l e f t  sice was defect ive.  The patient was normal in res­
pect of  a l l  other tests which were carr ied out during the assessment.

Muscle tension studies - The patient was given 8 mg/kg oi or ai sodium 
dantrolene four nours before the muscle biopsy was carr ied o u t , to exa­
mine the e f fec t  of th is  drug as a possible prophylact ic measure when 
deal ing with patients having MH. For results of muscle tension studies,

see Tables 3, 4 and 5.

Muscle biopsy - Specimens were removed from the t i b i a l i s  an ter io r  muscle.
H.stology revealed the presence of many mult i  nucleated f ib res  as well as 
single and small groups uf  atrophic f i b r e s . Histochemical tests showed

grouping of type 1 f ib res .
Electron microscopy revealed large ureas of loss of m yo f ib r i ls ,  with 
some disorganization as far as or ien ta t ion  of r ' b v'er was concet ned.
There was some loss of  Z- l ine banding. Mitochondria appeared in rows.

Re-assessment - The pa t ien t 's  condit ion had remained unchanged when he

was re-examined three years la te r .



NCS - These were normal

Muscle tension studies - See Fig. 4a; and ab.es 3 and

Muscle and nerve biopsy - Muscle samples were removed from the peroneus 
brevis muscle. Nerve tissue was taken from the sural nerve. Histology 

revealed widespread areas of grouped f ib re  atrophy. Many small ,  angu- 
lated f ib res were present, as well as some hypertrophic r ib res .  Histo- 
chemical studies showed grouping of  both f i b r e  types. Hypertropmc 
f ib res  were of both the type 1 and type 2 va r ie t ies .  ;ype i f ib res  
showed targetoid formation and had a "moth-eaten" appearance.
Sural nerve studies showed grouping of nerve f ib res  of the same size, as 
well as loss of f ib res .  Some f ib res  showed evidence of degeneration o* 

myelin. There was no "on ion-peel ing".

Re-assessment - This patient was seen one year la te r .  He went to uie 
army one month a f te r  the biopsy had been carr ied out and was discharged 
2 weeks la te r  because he could not walk. On re-assessment, his muse ie
strength was found to have deter iorated.  The patient explained that
his upper limbs were weak and that he could no longer take part  in sport. 
He f e l l  fa r  more often than before, and was unable to run very tas^ De- 

cause he "tr ipped over his own f e e t " . He Cuuld not skip. His l e f t  
ankle was said to be permanently swollen and pa in fu l ;  and some days i t  

was so bad that he was unable to walk. The patient also found tnat ms 
l e f t  leg t i red  rap id ly .  On examination, there was marked wasting of 

both legs, especial ly on the l e f t  sid S l igh t  wasting of the small 
muscles of the hands was also noted. He walked with a d i s t i n c t  limp 
and when weight-bearing on the l e f t  lower l imb, he hyperextendeo the 
knee. Hyperextension of the knee was also seen in standing. He had a 
s l ig h t  equinovarus deformity of the foot  on the l e f t  when walking and 
most of  the body weight was d is t r ibu ted  on the la te ra l  border or the foot.
When he was t i r e d ,  the equinovarus was accentuated and caused him to t r i p
and f a l l .  General muscle strength was s l i g h t l y  weak, with the excep­
t ions of toe extension, which was poor; ankle do rs i f lex ion ,  aversion and 
p lan ta r f lex ion ,  a l l  of  which were f a i r ;  elbow extension, which was f a i r ;  

and adduction of the r ig h t  index f inge r ,  which was zero. The l e f t  side
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was always seen to be more affected than the r ig h t .  Elbow and knee 

extension caused pain in the contract ing muscles. Range of motion was 

f u l l  passively, but act ive extension of the hal lux of both feet  was 
l im i ted  and adduction of the r ig h t  index f inger  was impossible (as men­
t ioned above). Balance in standing and running was f a i r ,  but normal 
in a l l  other posit ions. Sensation was s l i g h t l y  diminish ' on the l e f t  
side, from the level of  the c lav ic le  downwards, mcludi,  upper and
lower extremit ies. Despite de ter io ra t ion in muscle strength, the pa­
t i e n t  was s t i l l  able to continue in his job as a bo i le r  maker.

CASE 15 (A.V.)

A w e l l - b u i l t ,  16-year-old, white boy presented with a one-year 
h is to ry  of trouble with his fee t ;  which during that period had become 
progressively worse. He noticed that ,  l i k e  his fa ther ,  he had very 
high arches and tended to walk on the "backs of his heels", which caused 
him to waddle when walking. He played rugby without any d i f f i c u l t y  but 
found that in a th le t ic s  he was unable to sp r in t .

Examination revealed marked pes cavus and hammer toes. There was
b i la te ra l  thickening of  the plantar surface o' the forefoot .  He had a
waddling g a i t ,  resu l t ing  mainly from walking on the backs of his heels 

and la te ra l  borders of  his feet.  He had an inadequate heel/toe act ion. 
Apart from do rs i f lex ion  and eversion, which were s l i g h t l y  weak, his mus­
cle strength was general ly normal. There was no sensory loss and a l l  
ref lexes were present and equal. His balance was normal, except that 
in running i t  was poor.

EMG - Muscles of  both upper and lower extremit ies were examined. High- 
voltage, polyphasic a c t i v i t y  was observed in the abductor p o l l i c i s  bre­
vis muscle and f i r s t  dorsal interosseous muscle of the r ig h t  hand, a3 

well as in the t i b i a l i s  an ter io r  muscle on both sides. A c t i v i t y  in the 
more proximal muscles was normal.



129

NCS - Conduction ve loc i t ies  were normal, but the response of the l a te r ­
al popl i tea l  nerves to re p e t i t i v e  st imula t ion ,  fa i le d  to evoke an ade- 
ouate muscle response to both dors i f lex ion  and eversion.

Muscle tension studies - See Figs 4b and 5; and Tables 3 and 4.

Muscle biopsy - Tissue was removed from the peroneus brevis muscle. 
H is to log ica l ly ,  the muscle appeared to f a l l  w i th in  normal l im i ts  of va­
r i a t io n .  Histochemistry revealed grouping of  both f ib re  types, p a r t i ­
cu la r ly  type 1 f ib res .  Type 2 f ib re  atrophy was prevalent. Motor 
nerve end plates varied abnormally and there was evidence of increased 
branching of motor nerve terminals.

Re-assessnent - The patient was re-examined two years la te r .  One year 
p r io r  to re-assessment, he nad undergone an operation to lengthen the 
poster io r  t i b i a l i s  muscles, in order to correct the pes cavus deformity. 
I t  was found that although th is  had corrected the deformity to some ex­
tent in the l e f t  foo t ,  i t  had not been as successful on the r ig h t  side. 
However, his ga i t  had improved and he was consequently able to walk 
normally. He s t i l l  had marked hammer toes and was unable to run very 
fas t  without f a l l i n g .  His condit ion otherwise remained unchanged.
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CASE 17 (D.A. )

This 31-year-old, white woman had blurred and double vision from 

the age of eig' . When she was eight years old, a "rheumatic condi­
t ion"  was diagnosed, as she was always i l l  and very t i re d .  Four years 
ago, she had a general anaesthetic, fol lowing which she remained in what 
must have been a myasthenic coma, fo r  four days. Subsequent to th is ,  
she developed progressive generalized weakness and dysphagia. More re­
cent ly ,  in addit ion to her previous symptoms, she had experienced con­
tinuous diplopoea, ptosis and dyspnoea. I t  was not u n t i l  then that a
diagnosis of myasthenia gravis was made. Questioning revealed that  she
had a sco l ios is ,  fo r  which she wore a brace. Exercise made her dizzy 
and worsened her condit ion. Functional ly , she was very res t r ic ted  as 
she could not maintain a strong gr ip  fo r  any length of time and, as a 
consequence, dropped things regularly . At times, especia l ly when very 
t i r e d ,  she had d i f f i c u l t y  swallowing and developed severe ptosis and d i ­
plopoea. I f  she talked fo r  long periods, she " lo s t  her voice". She 
could only climb a few s ta i rs  before becoming extremely weak and dysp- 
noeic. Occasional ly, she would spend up to four days in bed, owing to
extreme fa t igue. The family h is to ry  was negative.

On examination, th is  lean woman had constant diplopoea, which was 
more marked when she looked downwards. She had s l ig h t  dyspnoea at res t ,  
but with act ive exercise th is  became markedly worse. There was ev i ­
dence of ptos is ,  and fol lowing the assessment her voice had become so 
quiet that i t  was d i f f i c u l t  to hear what she was saying. Muscle 
strength was f a i r  in the t runk , but otherwise generally good, although 
she fat igued very rap id ly .  Balance in s i t t i n g  and standing was poor. 
Reflexes were brisk and equal on both sides.

EMC - Muscles of the upper and lower extremit ies were examined. Motor- 
un i t  a c t i v i t y  was normal.

NCS - These were normal.

MJS - On repe t i t i ve  st imulat ion of the myoneural junct ion ,  there was a
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f a l l - o f f  of induced a c t i v i t y  to below 50% of normal.

Musde tension studies - See Figs 4b and 5; and ables 3 and 4.

Muscle biopsy - Samples were removed from the de l to id  muscle. Muscle
histo logy and histochemistry revealed normal muscle. Motor nerve t e r ­

minals showed i r regu la r  myelin izat ion and axonal branching.

Re-assessment - This pa.ient  was re-assessed 1 $ years la te r .  She had 
undergone thymectomy e'ght months p r io r  to the examination. General ly, 
her muscle strength had remained unchanged, although she did not fat igue 
as rap id ly ,  and no longer spent periods of several days in bed as she 
used to before the operation. She no longer dropped objects as often 
as previously and seldom experienced any d i f f i c u l t y  in swallowing. Her
voice was much stronger, although i t  s t i l l  became fa in t  a f te r  long
periods of speaking. Improvement in diplopoea, dyspnoea and ptosis was 

only s l ig h t .

CASE 18 (J.B.)

This 34-year-old, white housewife gave a f ive-year h is to ry  of d i -  
plopoea, generalized muscle weakness and numbness. Her condit ion was 
o r ig in a l l y  diagnosed as neurosis and treated accordingly. She became 
progressively worse un t i l  f i n a l l y ,  a diagnosis of  myasthenia gravis was 
made. She was treated with pyridostigmine; and at the time of assess­
ment was taking excessively high doses in order to be able to lead a 
re la t i v e ly  normal l i f e .  When she did not take pyridostigmine, weakness 
was so severe that eventually she became bedridden and completely los t  
sensation in the hands and f e e t . She experienced d i f f i c u l t y  in carry­
ing out a l l  da i ly  a c t i v i t i e s ,  owing to rapid fat igue and dyspnoea, and 

was forced to rest at regular in terva ls  before she could continue with 
her chores. She had no appeti te and as a consequence had los t  16 k i l o ­
grams in one year. At times she had d i f f i c u l t y  keeping her eyes open
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and when t i r e d ,  she developed both diplopoea and dysphagia. Prior to 
the onset of her disease she was an act ive person: she had played bad­

minton and swam a lo t .  There was no family h is to ry  of thyroid or

neuromuscular disease.

On examination, th is  i l l - l o o k in g  woman was observed to have gen­

eral ized wasting of muscles. When walking, she had a s l ig h t  limp and 

was unable to walk in shoes with high heels. Muscle strength of the 
neck f lexors and extensors, shoulder g i rd le  and pelv ic g i rd le  regions 
was f a i r ,  whi le in the rest of the body i t  was general ly good. However, 
her muscles fat igued rapid ly  and she could not walk fu r the r  than apprcx 
imately 100 metres at  a time, fol lowing which she became very weak and 
dyspnoeic and had to l i e  down. Her v i t a l  capacity was 2.4 l i t r e s .
She was unable to hold her arms above her head fo r  longer than 5 seconds, 
with the resu l t  that her functional a c t i v i t i e s  were extremely l im i ted .  
Sensation over the ent i re  body was s l i g h t l y  diminished, a dei ic iency 
which was more marked on the l e f t  side of the body than on the r ig h t .
She also had numbness around the eyes and mouth. iendon reflexes were 

hyper-reactive, whi le cutaneous responses were normal.

EMG - Muscles of the upper extremit ies were examined. Motor units were 
found to be excessively polyphasic in many areas, p a r t i c u la r ly  in more 
proximal muscle groups. Recruitment was generally normal but excessive 

fa t igu ing was noted during isometric contract ion.

NCS - These were normal.

MJS - Repeti tive st imulat ion of  the myoneural junction yielded evidence
of abnormal fa t igu ing .  Administrat ion of 10 mg of edrophonium in t r a ­
venously resulted in considerable improvement in muscle strength and eye 

movements.

Muscle tension studies - See Figs 4b and 5; and .ables 3 and 4.

Muscle biopsy - Specimens were removed from the de l to id  muscle.
tology and histochemistry revealed atrophy of single f ib re s ,  as well as
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some small areas of  grouped atrophy involving both f ib re  types. Motor 
nerve terminal study showed increased branching. Motor er.d plates had 

an elongated and dysplast ic appearance.

Re-assessment - This patient was re-assessed 1J years la te r .  Her 
thymus gland had been removed 2 months a f te r  the biopsy. She claimed 
that  she was completely normal fo r  a period of 7 months fol lowing the 
thymectomy. Thereafter, her previous signs and symptoms slowly started 
recurr ing.  She again took increasingly high doses of pyridostigmine; 
and at  the time of  re-assessment, she was taking dangerously high doses. 
Her general muscle strength was found to be almost normal. She s t i l l  
fat igued rapid ly  and had a l l  the previous signs and symptoms, but these 
were not as severe as before. The only marked improvement was in sen­

sation, which was now normal.

CASE 19 (J .T .)

A diagnosis o f  myasthenia gravis had been made 8 years previously 
in the case of th is  obese, 44-year-cld, white woman when she had pre­
sented with generalized muscle weakness, d i f f i c u l t y  in swallowing, s lu r ­
r ing of speech and diplopoea. For some time her disease was f a i r l y  
well contro l led with pyridostigmine, but over the yearr she became pro­
gressively worse and had to take increasing amounts of the drug in order 
to a l le v ia te  her symptoms. Despite the excessively high doses of 
pyridostigmine, she was s t i l l  weak at the time of assessment. She was 
unable to l i f t  a ke t t le  of water and because of rapid fa t igu ing of mus­
c les, could not e"en comb her hair  proper ly . She had beer, an active 
woman but could no longer take part in any sport,  as exercise increased 
the rap id i ty  with which she weakened. Her condit ion was worse in the 
afternoons and evenings, when in addit ion to weakness (which also a f ­
fected the fac ia l  muscles), she experienced severe diplopoea, s lu r r ing  

of speech and dyspnoea, the l a t t e r  even being evident when she woke in 
the mornings. This patient had also suffered from hypothyroidism W  
ten years; but i t  had been well contro l led. Questioning revealed a
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his to ry  of thyroid disease in the family.

On physical examination, the pa t ien t 's  general muscle strength was 
founo to be f a i r  p lus . However, her muscles fat igued rap id ly ,  not only 
with re pe t i t i ve  exerc’ se, but also while performing a pa r t icu la r  exer­
cise fo r  the f i r s 4" time. In the l a t t e r  case, the rate of fa t igu ing was 
dependent on the degree of resistance, and duration of the exercise.
She had constant double v is ion ,  which was p a r t i c u la r ly  marked when she 
looked downw-rds or to the l e f t .  Her v i t a l  capacity was markedly r e ­

duced (to 1.3 l i t r e s ) .  Balance reactions were slow in both standing

and s i t t i n g .  Sensation was s l i g h t l y  diminished on the l e f t  side of the 
body. There was evidence of hyperre f lex ia .

EMG - Muscles of the upper extremit ies were examined. There was in ­
creased polyphasic a c t i v i t y  of f a i r l y  high voltage 4n proximal muscle 
groups. I t  disappeared at the level of  the de l to id muscle and was e v i ­
dent again in the extensor muscles of  the forearm and small muscles of 
the hand. A f a i r l y  pos i t ive Jo l ly  tes t  was obtained fo l lowing repeated 
st imulat ion of the o rb icu la r is  ocul i  muscles.

NCS - These were normal.

MJS - Abnormal muscle fat igue was observed on rapid, repeated st imula­
t ion of the myoneural junction.

Muscle tension studies - See Fig. 4b; and Tables 3 and 4.

Muscle biopsy - Specimens were removed from the de l to id  muscle. His­
tology revealed scattered loss of ind iv idual muscle f ib res  and some va­
r ia t io n  in f ib re  size. Muscle histochemistry was normal. Motor nerve 
terminals showed the usual degree of branching. The end plates, how­
ever, were abnormal in that many were hypoplastic and elongated, with a 
tendency to "ramble".

Re-assessment - The patient was seen one year la te r .  Six months
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previously, a thymectomy had been carr ied out and she had not been ta ­
king any drugs since. During the operation, the phrenic nerve was 

accidenta l ly  cut. This resulted in paralysis of the l e f t  side of the 
diaphragm. The patient was given intensive physiotherapy and her 
breathing subsequently improved. However, she s t i l l  had some d i f f i c u l ­
ty when swimming, playing spore, climbing s ta i rs  and fol lowing intensive 
exercise. She no longer t i red  to the same extent as before and was 
again playing tennis and go l f .  Speech, v is ion and swallowing were nor­
mal. When tested, her muscle strength was normal, with no evidence of 

muscle fa t igue.

CASE 20 (M.M.)

Six months previously, th is  53-year-old, white woman had noticed 
that she developed double v is ion during the course of the day (but had 
normal v is ion in the mornings). This lasted ten days. Three weeks 
before she sought medical advice diplopoea recurred: again i t  only be­
came evident with fa t igue.  There was no family h is to ry  of neuromuscu­

la r  disease.

On examination, excessive fa t igu ing of the superior rec t i  muscles 
was observed, pa r t i c u la r ly  on the r igh t  side. On looking upwards, the 
pa tient became giddy; and as a consequence could no longer play tennis. 

Although not a very strong woman, her muscle strength was normal.

EMG - Muscles of the upper extremit ies were examined. There was in ­
creased polyphasic a c t i v i t y ,  p a r t i c u la r ly  in the more proximal muscles.

NCS - These were normal.

MJS - On re pe t i t i ve  st imulat ion fa t igu ing was noticed only in the fac ia l  
muscles. Eye muscle movements improved markedly when 10 mg of edropho­

nium was given intravenously.
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Muscle tension studies - See Figs 4b and 5; and Tables 3 and 4.

Muscle biopsy - Tissue was removed from the de l to id  muscle. Scattered 
atrophy of muscle f ib res  was demonstrated h is to lo g ic a l l y .  Histochemi- 
c investigation revealed that both type 1 and type 2 f ib res  were 
atrophic. Motor nerve terminals did not show any evidence of excessive 

branching but internodal distances appeared somewhat shortened. Motor 

end plates were normal.

Re-assessment - This patient refused treatment; and when seen two years 
la te r ,  her condition had deteriorated. Questioning revealed that she 
was always t i re d  and at times had d i f f i c u l t y  in keeping her eyes open. 
Diplopoea was constant and aggravated by fat igue. She noticed that  she 
could not ta lk  very loudly when t i red .  On examination, la te ra l  devia­
t ion of the l e f t  eye was observed. The patient said that th is  became 
worse when she was t i re d .  Muscle strength was good but with some e v i ­
dence of  muscle fat igue on repe t i t i ve  exercising.

CASE 21 (J.G.)

A 27-year-old, white man f i r s t  experienced periodic b lurr ing of v i ­
sion ten years e a r l ie r .  This occurred fol lowing long periods of study 
and disappeared with rest .  Over the ensuing years .his condit ion became 
progressively worse u n t i l  the time he was f i r s t  examined, when double 
vis ion was occurring during two periods of the day - in the afternoon 
and early  evening. These times corresponded with fa t igu ing of his eye 
muscles. He became very t i r e  in the afternoons and frequently f e l l  
asleep at work. ,«hen he was t i re d ,  he noticed that he became clumsy 
and would f a l l  quite often. He was a very act ive man, who played 
squash and sai led. There was no family h is tory  of r uromuscular disease.

On assessment, i t  was noticed that the pat ient  had a nasal tone of 
vo ice. He had double v is ion ,  p a r t i c u la r ly  when looking up to the r ig h t  
and down to the r ig h t ;  as well as b lu rr ing  of v is ion on la te ra l  gaze to
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P E R O N E A L  MUSCULAR ATROPHY 
(Charcot-Marie-Tooth disease

Peroneal muscular atrophy (PMA) is a slowly progressive, hereditary 
neuropathy, p r imar i ly  a f fec t ing  the an ter io r  horn c e l l s ,  peripheral 

nerves and ne*"ve roots (Hugnes and Brownell, 1972). I t  is inher i ted as 
e i the r  an autosomal dominant (more common) or autosomal recessive t r a i t  
(Dyck and Lambert, 1968a). Although the disease was o r ig in a l l y  thought 
to commence mainly in childhood and adolescence, u number of studies 
have shown that there is considerable var ia t ion  in the age of onset.
PMA has a predi lect ion fo r  t.ie muscles innervated by the peroneal nerve, 
leading to weakness and wasting of these muscles. Hence the derivat ion 
of  the name, peroneal muscular atrophy.

PMA is characterized by predominantly d is ta l  weakness and wasting, 
the most common i n ' t i a l  symptom being some form of ga i t  abnormality 
and/or foot  deformity such as pes cavus, equinovarus, pes planus or ham­
mer toes (Brusf et a l . ,  1978). The lower extremit ies are usual ly a f ­
fected to a greater extent than the upper extremit ies. As the disease 
progresses, more proximal muscle groups become involved and weakness and 
wasting of  the in t r in s i c  muscles of the hands, forearms and upper arms 
occurs. The c l i n i c a l  severi ty  v’aries considerably and the c lassical  

inverted champagne bo t t le "  legs are cr ten not evident (Dyck, 1975).
In fa c t ,  in many instances, patients remain remarkably free of any s e r i ­

ous d i s a b i l i t y  u n t i l  verv la te  in l i f e .  Sensory abnormalit ies are 
often encounters-., these being more severe per iphera l ly  (Table 6).

Various c lass i f ica t io ns  of peroneal muscular atrophy have evolved 
since the descript ion of the syndrome in 1886 by Charcot and Marie in 
France and Tooth in England; and these have remained a matter of con­
troversy ever since. Dyck and Lambert (1968a,b) proposed the f i r s t  
systematic c lass i f ica t ion  based on combined c l i n i c a l ,  genetic, e lec t ro-  
physiological and pathol gical s tud ies. They defined two main types of 
°MA: the hypertrophic form (PMA and Dejerine-Sottas subgroups), which
showed nerve hypertrophy, demyelination and reduced nerve conduction ve­
lo c i t i e s ;  and the neuronal type, in which there was no nerve hyper­
trophy, and nerve conduction ve loc i t ies  were normal or only s l i g h t l y  
slower than normal, but wich a characte r is t ic  loss of large nerve f ibres



developed ptosis and in te rm i t ten t  diplopoea seven month, before she was 

seen in a c l i n i c a l  s i tua t ion .  She complained tha t  more recently she 

had begun choking when eating or dr ink ing,  had constant b lu rr ing of v i ­
sion, slurred speech, and pains and weakness in her upper and lower 
extremit ies. She said that objects dropped cut of  her hands because 
she had a weak g r ip ,  as a resu l t  of which she was unable to perform her 

normal daily chores. Her condit ion was worse at  the end of the day, at 
which time a l l  symptoms became exaggerated. There was a family h is to ry  

of diabetes, but no evidence of th is  in the patient .

On examination, general muscle strength was good. However, the 
pat ient  fat igued rapid ly  and as a consequence had to rest at regular i n ­
terva ls .  She had drooping of the eye l ids, which rapid ly became worse 
on sustained, upward gazing. Double v is ion resulted when she looked 
sideways or upwards. Speech was slurred. Reflexes were a l l  present 

and equal. Sensation was normal.

EMG - Muscles of the upper extremit ies were examined. S l igh t ly  i n ­
creased polyphasic a c t i v i t y  was seen in the de l to id  and biceps muscles. 

Many of  the motor units were of  high voltage.

NCS - These were normal.

MJS - Abnormal fa t igu ing was seen when the myoneural junction was re­

peatedly stimulated.

Muscle tension studies - See Fig. 4b; and i ables 3 and 4.

Muscle biopsy - Tissue was removed from the de l to id  muscle. Al l  tests

carr ied out were witr i in normal l im i t s .

Re-assessment - This patient was examined one year la te r .  en mont-.s 

before th is  she had a thymectomy, fol lowing which she developed angina 
pectoris . Her general condit ion had deteriorated; with the exception 
of drooping of the eyel ids,  which was not evident when she was examined.
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Diplopoea had become a constant feature, whi le uysphagia occurred more 
frequent ly . Pain and weakness in the limbs was more marked and she new 

f e l l  quite often. She commented that owing to severe breathlessness, 
she was unable to walk more than 100 metres. On re-assessment, the 
legs were seen to be swollen and the hands and feet were blue. Sensa­
t ion was diminished in the- lower extremit ies. Following the examina­

t ion ,  she was very dyspnoeic.

CASE 23 (H.F.)

A heal thy- looking, a th le t i c ,  23-year-old, white man gave a two-year 
h is to ry  of double v is ion.  Questioning revealed that the condit ion be­
came worse when he was t i red  and that at times he noticed drooping of  
the eyel ids, which seemed to resu l t  in double v is ion on downward gazing 
as well as on upward gazing to the l e f t .  He had also found that read­
ing fo r  long periods resulted in de ter io ra t ion  of the diplopoea. He 
had no" noticed any change in the tone of his voice a f te r  long periods 
of speaking, and there was no dysphagia. He took part in a th le t i c s ,  
squash and tennis and had never found that he fat igued more rapid ly than 
other (normal) males of his age. He complained that u n t i l  he obtained 
an appropriate medical c e r t i f i c a te ,  he was not allowed to continue in 
his occupation as a p i l o t ;  and in the meantime had to be content with 
being a co -p i lo t .

On examination, his muscle strength was found to be normal and no 
abnormal fa t igu ing was noted.

EMG - Muscles of the upper extremit ies and face were tested. The motor 
units were of normal size and duration and recruitment was normal on 
v o l i t i o n .  Repeti t ive st imulat ion of the o rb icu la r is  ocul i  muscle re ­

vealed a pos i t ive J o l l y  tes t  on the r ig h t  side.

NCS -  These w ere  n o rm a l .
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MJS - The myoneural junction in the abductor p o l l i c i s  brevis muscle f e l l  
j u s t  below normal l im i ts  when re p e t i t i v e ly  st imulated. Double vision 
improved to some extent a f te r  administrat ion of 10 mg o» edrophonium in 

travenously.

Muscle tension studies - See Fig. 4b; and Tables 3 and 4.

Muscle biopsy - Specimens were removed from the de l to id  muscle. Muscle 
his to logy and histochemistry were w i th in  normal l im i t s .  Motor nerve 
terminals showed a s l ig h t  increase in branching, and myelin was a l i t t l e  

thickened and i r regu la r .  Motor end plates showed some v a r ia b i l i t y ,  

which was s l i g h t l y  in excess of that normally found.

Re-assessment - This patient was seen 2 years la te r .  He had been
taking prednisolone ever since the biopsy; and the dosage was, at the 
time of  re-assessment, slowly being reduced. He s t i l l  had s l ig h t  
double vision when he was t i red  or had been doing a lo t  of reading. 

General ly, his condit ion had improved markedly.

CASE 24 (L.M.)

This medium-bui lt, 35-year-old, white man presented with general­
ized muscular weakness, diplopoea and d i f f i c u l t y  in chewing and swallow­
ing, despite re la t i v e ly  high doses of pyridostigmine. He had a low 
tone of voice which became accentuated when he was t i re d  He fat igued 
rap id ly  and as a consequence had d i f f i c u l t y  with normal functional ac­
t i v i t i e s  such as brushing his teath, combing his hair  and climbing 
s ta i r s .  He was no longer able to continue in his job as a motor me­
chanic. His condit ion was fa r  worse at  the end of the day, by which
time he had severe pain in his back. He often could not f in is h  a meal 
as his jaw muscles became so t i re d  that he could not chew his food.
There was no family h is tory  of thyroid or neuromuscular disease.

On examination, muscle strength in outer range of movement was
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general ly f a i r  p lus , although in his hands i t  was good. However, his
muscles fat igued so rap id ly  that he was unable to raise his arms above

his head and could not climb more than two s ta i r s  before having to s i t  

down in order to recover. Balance in aV posit ions was f a i r  and sensa­
t ion was normal. Respiration was not affected in any way. Tendon 
reflexes were hyper-reactive, while cutaneous responses were normal. 
Diploooea was most evident when the patient looked upwards and to the 
r igh t .

Muscle tension studies - See F ig . 4b; and Tables 3 and 4.

Muscle biopsy - Tissue was taken from the de l to id  muscle. Apart from
a s l ig h t  increase in the number of type 1 f ib res  muscle appeared normal. 
Nerve was normal.

Re-assessment - This patient had a thymectomy soon a f te r  biopsy and was 
re-examined Z\ years la te r .  The thymectomy was followed by a six-week 
course of radiat ion therapy. Recovery was slow and only commenced 
twelve weeks post-operatively . When re-assessed, his muscle strength 
was normal, with l i t t l e  evidence of fat igue when performing repe t i t i ve  
exercises. Other than s l i g h t  weakness of  knee extension when he did 
not take pyridostigmine, th is  man was completely normal and had resumed 
a l l  his previous a c t i v i t i e s .

CASE 25 (A.V.)

This 69-year-old, re t i re d ,  white gentleman presented with severe 
muscular pains which mainly affected the proximal muscle groups of  the 
upper extremit ies. Seven years p r io r  to th is  he had experienced severe 
diplopoea accompanied by muscle weakness. A thymectomy was carr ied out 
fol lowing which his vision and muscle strength returned to normal.
Three years la te r ,  he had a recurrence of symptoms and was given pyridos­
tigmine, which he had been taking ever since. This helped considerably,
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although i t  did not cure e i ther  the diplopoea or weakness. More re­

cent ly ,  he had developed muscular pains which were thought to be caused 
by the pyridostigmine. There was no family h is to ry  of neuromuscular 

disease.

On examination, there was found to be some wasting of muscles.
This was most evident in the lower ex tremit ies, p a r t i c u la r ly  in the 
proximal muscle groups. Muscle strength in the lower limbs was good, 
with some muscle fat igue fo l lowing repe t i t i ve  exercises. Strength of 
the upper limbs could not be adequately assessed, because of intense 
pain suffered by the pat ient .  Eye movements were defect ive.

EMG - Muscles of  the upper extremit ies were examined. Motor units in 

the more proximal muscles were excessively polyphasic. The response to 
isometric contract ion showed early  onset of fa t igue tremor.

NCS - These were normal.

MJS - Unfortunately, the patient had taken pyridostigmine two hours 
p r io r  to the tes t ,  with the resu l t  that there was no evidence of fat igue 
on re pe t i t i ve  st imulat ion.

Muscle tension studies - See Figs 4b and 5; and Tables 3 and 4.

Muscle biopsy - Specimens were removed from the de lto id muscle. Muscle 
histo logy and histochemistry revealed scattered, singly occurr ing, a t ro ­
phic f ib res as well as occasional groups of  two or three atrophic f ib res 
In addi t ion, histochemical sta in ing showed that atrophy involved both 
f ib re  types. Motor nerve terminal study revealed excessive branching 
of terminals; and motor end plates showed excessive v a r ia b i l i t y .  Many 
of the end plates had the typica l hypoplast ic, long-branching appearance 
seen in myasthenia gravis.

Re-assessment - This patient was re-examined 2 years la te r .  He had 
been taking prednisolone fo r  2 years. When examined, his eye movements 
were normal and he no longer had double v is ion .  Muscle strength was
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normal.

CASE 26 (M .G . )

This worried- looking, 43-year-old, white housewife had an eight-  
year h is tory  of myasthenia gravis , which had f i r s t  commenced fol lowing 
a hysterectomy. On the f i f t h  day a f te r  the operation, she developed 
severe double v is ion and marked, general ized, muscular weakness. This 
was treated with neostigmine, with f a i r l y  good resu l ts .  Recently, 
double v is ion had recurred. I t  became worse when the patient  was t i r e d ,  
at which time she also developed drooping of  the eyel ids.  During the 
day she noticed that  she became progressively weaker and was often 
forced to sleep fo r  a few hours in order to regain her strength. As a 
resu l t  of  the development of fa t igue and inco-ord inat ion, she frequent ly  
dropped objects and consequently could not perform her normal, da i ly  
household chores e f fe c t i v e ly ;  and, at t imes, not at  a l l .  She occa­
s iona l ly  had d i f f i c u l t y  in swallowing and tended to aspirate f lu id s .
She had a low tone of voice but had never lo s t  her voice completely.

She was a known case of  porphyria but was well  informed as to how to 
control th is  i l lne ss .  The family h is to ry  was negative.

On examination, the patient developed double v is ion when she looked 

upwards, and p a r t i c u la r ly  i f  she looked to the l e f t .  Muscle strength 
was normal, but on re p e t i t i ve ,  resisted exercise she fat igued rap id ly .  

Reflexes were general ly depressed but equal.

EMG - Muscles of the upper extremit ies and face were examined. Motor- 
un i t  a c t i v i t y  was general ly w i th in  normal l im i t s ,  although some in ­
creased polyphasic a c t i v i t y  was noted in more proximal muscles. Re­
peated st imulat ion of the o rb icu la r is  ocul i  muscle revealed a posi t ive 

Jo l ly  test .

NCS -  These were n o r m a l .
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MJS - No abnormal fa t igu ing was noted on re pe t i t i ve  st imulat ion.

Muscle tension studies - See Figs 4b and 5; and Tables j and 4.

Muscle biopsy - Tissue was removed from the de l to id  muscle. Histolog-.- 

cal studies revealed normal muscle structure, although occasional, 
scattered, atrophic f ib res  were seen. Muscle histochemistry results 

were again w i th in  normal l im i t s ,  apart from there being a s l ig h t  i n ­
crease in the number of type 1 f ib res .  Motor nerve end plates were 
normal, but with some evidence of  increased branching of nerve terminals. 

Myelin deposit ion in nerve terminals was very i r regu la r .

Re-assessment - This pat ien t  was re-examined 2 years la te r .  She had 
been treated with prednisolone fo r  a period of  20 months. She no Ion 
ger developed weakness during the day and as a resu l t  had been able to 
resume her normal household a c t i v i t i e s .  Muscle strength was normal. 
Although she s t i l l  became t i re d  with re p e t i t i ve  exercise, fa t igue now 
developed slowly. Double v is ion and s l ig h t  ptosis occurred infrequent 

ly  and only when she was very t i r e d .  She was completely independent 

and was again able to drive her car.



STIFr MAN SYNDROME 

(SMS)
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CASE 27 (Z.M.)

A shy, 8-year-old, black g i r l  had an 18-month h is to ry  of progres­
sive muscle s t i f fness  and spasms af fec t ing the trunk and limbs. The 
disease apparently commenced with symptoms in the trunk and proximal 
limb muscles and gradually spread to the d is ta l  limb musculature, the 

spasms becoming more painful and intense, resul t ing in physical incapa­
c i ta t io n .  In te l lec tua l  development of the ch i ld  was normal. There 
was no previous history  of  any serious i l lness  and the family h is tory  
was "negative".

On examination, th is  fr ightened, emaciated g i r l  was ly ing in a 
posi t ion of opisthotonus, although when seen one day la te r ,  she was in 
an almost completely f lexed posi t ion. However, spasms were predomi­
nantly extensor in nature and were continuous when she was awake. The 
spasms were aggravated by external s t imuli  such as noise, skin contact, 
emotional s t i  and act ive or passive movement o f  the limbs. In view 
of t h i s ,  muscle strength could not be assessed. Cutaneous and deep re­
f lexes were also d i f f i c u l t  to tes t  because muscular spasm was constantly 
present; and because of severe extensor spasm, which occurred in re­
sponse to ta c t i l e  s t im u l i .  The hands were usual ly held in a flexed 
pos i t ion ,  with strong opposit ion of the thumbs. Passive range of mo­
t ion of a l l  j o in t s  was normal excep' fo r  do rs i f lex ion  of the righ^ ankle, 
which was l im i ted by approximately 2CU. This was tested during general 
anaesthesia at the time of  muscle and nerve biopsy. Sensation appeared 
to be normal. The fac ia l  and oropharyngeal muscles and muscles of mas­
t i c a t io n  were unaffected by the disease. The patient was, fo r  the most 
part ,  mi ld ly  py rex ia ! , owing to the continuous muscle a c t i v i t y .  Her 
temperature, however, varied according to the state of muscular contrac­
t ion .

EMG - Spontaneous motor-unit  a c t i v i t y  of normal amplitude and duration, 
involving both agonists and antagonists, was observed at res t .  This 
a c t i v i t y  was aggravated by emotional disturbance, touch and movement. 
Voluntary muscle contract ion in one area caused d i f fus ion  of  contract ion 
to a l l  muscles, both agonists and antagonists. There was no denerva­
t ion a c t i v i t y .
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NCS - Conduction ve loc i t ies  in both motor and sensory nerve f ibres were 
normal.

Muscle tension studies - See Figs 4b and 5; and Tables 3 and 4.

Muscle and nerve biopsy - Specimens were taken from the vastus la te ra l i s  

muscle. A piece of the sural nerve was removed. Muscle histology and 
histochemistry did not reveal any abnormali t ies.
Sural nerve biopsy f indings were normal.

Electron microscopy snowed that there were areas of  myofilarnentous and 
Z- l ine  disrupt ion as well as of mitochondrial accumulation. Many of 
the mitochondria were distended and the i r  cr is tae were ruptured. There 
was swell ing of  the SR as well as loss of  m yo f ib r i ls .

Re-assessment - The only avai lable re-examination information concerning 
th is  ch i ld  wac that obtained four weeks fo l lowing commencement of t r e a t ­
ment, because soon a f te r  tha t ,  the pa t ien t 's  mother removed her from 
hospi ta l ;  and she was not subsequently seen or heard of.  During the 
four-week period in hospital she was given high doses of diazepam.

This had a var iable, but benefic ia l e f fec t  on the spasms. She also re­
ceived physiotherapy da i ly ,  th is  having involved mainly t h j  use of the 

neurodevelopmental treatment (Bobath) method. On re-examination, there 
was s t i l l  a considerable amount of spasm, wnich l im i ted  a l l  functional 
a c t i v i t i e s  - except fo r  movement of the arms when the ch i ld  was ly ing in 
a p a r t i a l l y  f lexed posit ion and ro l led  over in order to change her posi­
t ion .  However, the contracture of  the r ig h t  ankle was not as marked as 
before.



MALIGNANT HYPERTHERMIA



This healthy, 20-year-old, coloured man was one of  ten chi ldren, of 
whom three had died from hyperthermia during anaesthesia. Al l  three 
patients had died while undergoing re la t i v e ly  simple, uncomplicated 
operation0 - hysterectomy, removal of thyroglossal cyst and excision of 
a semime.iDranosus bursa. In each case :ept the las t  mentioned who 
was given methoxyflurane instead of  halothane), the anaesthetic agents 
used were a l l  of the fo l lowing: thiopentone, ni trous oxide/oxygen,

.cc iny lchol i ne and halothane. The CPK serum enzyme levels of s ix ty -  
four members of the family were subsequently determined. The patient 
under discussion was one of many members found to have an abnormally 
high CPK le v e l , th is  being 466.3 un i ts .

On examination of  th is  act ive pat ient ,  he was found to be c l i n i ­
ca l ly  normal, with no evidence of  weakness or any muscula- disorder.

Muscle tension stucies - See Figs 4b and 5; and Tables 3, 4 and 5.

Muscle Qiopsy - Tissue was removed from the de l to id  muscle. H is to log i ­
cal and histochemical studies demonstrated that muscle was normal on the 
whole.

Electron microscopy revealed a s l i g h t l y  folded basement membrane and 
occasional areas showing loss of f i laments.

Re-assessment - On re-assessment one year la te r ,  the pat ient  was found 
to have remained unchanged since the o r ig ina l  examination.

CASE 30 (C.P.)

The younger brother of th is  6-year-old, white g i r l  died while under­
going a minor operation. The cause of  the boy's death was i n i t i a l l y  
considered to have been haemorrhage; but i t  was la te r  confirmed that  he
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died as a resu l t  of malignant hyperthermia. On a previous occasion, he 

reacted adversely to an unknown anaesthetic when having four teeth ex­

tracted. There was, in addi t ion, a h is to ry  of  severe headaches and 

muscle cramps. At times, the muscle cramps were so intense that he 
would scream and arch his back from the pain. He also suffered from
regular bleeding from the nose. Questioning revealed that the father
was s im i la r ly  prone to muscle cramps. There was no previous h is tory  of 
anaesthetic deaths in the family. The young g i r l  in question had pre­
viously undergone surgery (to correct a squint) without inc ident,  a l ­
though the anaesthetic agents used were not known. She too, l ike  her 
fa ther and brother, frequently experienced muscle cramps, although these 
were not as intense as they had been in her brother's  case. Her serum 
CPK level was markedly raised.

On examination, th is  slender g i r l  had an obvious squint o f  the l e f t  
eye, owing tv inadequate a c t i v i t y  of the l e f t  la te ra l  rectus muscle.
Apart from th is ,  a l l  other observations and tests showed nothing abnormal.

Muscle tension studies •• See Tables 3, 4 and 5.

Muscle biopsy - Specimens were removed from the de l to id  muscle. Histo­
logical  f indings were bas ical ly  normal, although the average size of  the 
f ibres was smaller than usual. Muscle histochemistry revealed an*as of 
l im i ted extent where there was grouping of ind iv idual f i b r e s , pa r t icu ­
la r l y  of the type 1 var ie ty .

Electron microscopy showed that there were regions of  myofilament d i s ­
arrangement, some f i laments lying at r ig h t  angles to adjacent ones.
Large areas of contracted muscle having very l i t t l e  s t ructure , were seen. 
Some myof ib r i ls  had a banded pa t te rn , with accompanying loss of  myof i la ­
ments. In parts, the Z l ines appeared smeared and widened. There 
were also areas of  m y o f ib r i l l a r  deplet ion, which was usual ly accompanied 
by an increase in number of mitochondria, especia l ly  evident at the base­
ment membrane. The basement membrane was folded in places.

Re-assessment - When the patient was seen 2J years la te r ,  no change was 
detected.
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SPINAL MUSCULAR ATROPHY

The spinal muscular atroL (SMA) syndrome is the co l lec t ive  name 
For a heterogenous group of ge- - t i c c l l y  determined disorders (Emery,
1971; Bundey and Lovelace, 19,5). They are characterized by degener­

at ion of the anter io r  horn ce l ls  of the spinal cord and, sometimes, the 
cranial  nerve motor n u c le i ; but with no evidence of pyramidal t ra c t  or 
peripheral nerve involvement (Byers and Banker, 1951).

Various attempts have been made to c lass i fy  the spinal muscular 
atrophies, but much confusion s t i l  prevai ls . Recently, Pearn (1980) 
added yet another "suggested" c la s s i f i c a t io n  of  the SMA's, in which 
peroneal muscular atrophy (see next disease discussed) was not d i s t i n ­
guished as a separate disease. Dubowitz and Brooke (1973) divided the 
SMA's into three broad categories on the basis of  c l i n i c a l  sever i ty .
This provided a pract ica l  approach to the c la s s i f i c a t io n  of SMA on the 
basis of:  a severe form (Werdrig-Hoffmann1s disease), a mild form
(Kugelberg-Welander syndrome) and an intermediate form. The severe, 
Werdnig-Hoffmann's disease, having an early  in fa n t i l e  onset and rapid ly  
progressive course, leads to death usual ly w i th in  the f i r s t  year of  l i f e ,  
as a resu l t  o f  marked in te rcosta l  weakness and su s c e p t ib i l i t y  to res­
p i ra to ry  in fec t ions .  There is  generalized hypotonia and often an asso­
ciated bulbar weakness, with d i f f i c u l t y  in swallowing and a weak cry. 
Tendon reflexes are absent. The I pos are more severely affected than 
the arms and these chi ldren are nevct able to s i t  without support. 
Children with the intermediate form usual ly have normal early  m i le ­
stones and can s i t  unsupported. However, they are unable to walk or 
stand, the legs being affected to a greater extent than the arms. 
Fasciculat ions, p a r t i c u la r ly  of the tongue, may be seen. Scol ios is is 
a common complication in th is  group (Schwentker and Gibson, 1976;
Galasko, 1977; Benady, 1978), as are j o i n t  contractures (Benady, 1973). 
Tendon reflexes are reduced or absent and there may be in te rcosta l  weak­
ness. The prognosis in th is  group depends very much on the state of 
the respira tory  function. Weakness in the mild, Kugelberg-Welander 

syndrome is confined mainly to the proximal muscles of  the lower limbs 
but ambulation is achieved. Affected persons have a waddling g a i t  and 

in th is  respect very much resemble patients with 1imb-girdle muscular
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dystrophy. The Kugelberg-Welander syndrome is usual ly non-progressive, 
although in some cases deter io rat ion may occur over long periods of 

time. Occasional ly, there may be a rapid decrease in muscle strength. 

Some cases, however, appear to improve with time, probably as a resu l t  
o f  compensatory reinnervation of muscle. Another feature observed, and 
one not unl ike that occurring in the early stages of Duchenne muscular 
dystrophy, was hypertrophy of the c a l f  muscles (Kugelberg and Welander, 
1956). This has subsequently been seen by many authors in both the 
intermediate and Kugelberg-Welander types of SNA. Hypertrophy of the 
c a l f  muscles appears to be more prevalent in males (Bouwsma and van 
Wijngaarden, 1980).

Muscle biopsy f indings in the severe and intermediate forms of SMA 
are very s im i la r .  Large groups of atrophic type 1 and type 2 f ib res  
are seen in a l l  biopsies, although, unl ike other forms of neurogenic 
atrophy in which angulated f ib res are common, the major i ty  of atrophic 
f ib res  in SMA are c i rcu la r  (Figs 9, 10). Pyknotic nuclear clumps may 
be observed in the atrophic f ib res ,  whi le me presence of  central nuclei 
is uncommon. Interspersed with atrophic bundles are fasc ic les contain­
ing markedly hypertrophied f ib res  (Fig. 10). However, the extent of 
atrophy and hypertrophy varies grea t ly ;  and when numerous sections from 
one muscle specimen are examined, some may be found to contain normal 
f ib res ,  whi le others may have both atrophic and normal or hypertrophic 
f ib res  in varying proport ions. Large bands of f ibrous tissue surround­
ing fascic les are often seen. An increased number of muscle spindles 
may also be observed. In the mild forms of SMA (Kugelberg-Welander 
syndrome), smaller groups of atrophic f ib res  are present, and angulated 
f ib res  are common. Giant f ib res  do not occur as frequently in the 
severe and intermediate forms, although enlarged f ibres are p le n t i fu l  
(Fig. 7). The enlarged f ibres show f ib re  type grouping, with type 2 
f ib re  predominance a common feature. Central cores, target  f ib res 
(Fig. 8) and "whorled or coi led f ib re s " ,  seldom seen in the severe or 
intermediate forms of SMA, are often observed in the mild forms 
(Dubowitz and Brooke, 1972).

EMG findings are typical of denervation.

Motor nerve conduction ve loc i ty  studies have shown that in infants

<.n
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suf fe r ing  from the severe form of SMA, conduction is  slow, while ve lo­

c i t i e s  in chi ldren affected to a lesser degree with SMA are normal or 

fas t  (Moosa and Dubowitz, 1976; Schwartz and Moosa, 1977). Most 
reports in the l i t e ra tu r e  have emphasized that  in SMA there is  no sen­

sory involvement, although a few case w i th  reduced sensory nerve con­

duction ve lo c i t ie s  have been described, the more recent ones by Marshall 
and Duchen (1975) and Schwartz and Moosa (1977).

I t  has been found that the acute, rap id ly  progressive, i n fa n t i l e  
form of  SMA is  a c l i n i c a l l y  and genet ica l ly  d i s t i n c t  e n t i t y  from the 

rest  (Lubowitz, 1977a). The separate existence of  chronic forms of 
late childhood and juven i le  SMA's, often c o l l e c t i v e l y  known as the 

Kugelberg-Welander syndrome, has remained a matter of controversy. 
However, although the age of  onset of Kugelberg-Welander syndrome is 

usual ly in adolescence, some papers report  i t s  appearance f o r  the f i r s t  
time in adul t  l i f e  (Meadows et a l . ,  1969; Emery ef a 1. ,  1976a; Pearn 
et a l . , 1978a).

The mode of  inheri tance of  the various chronic SMA's has been 
described as autosomal recessive, autosomal dominant and sex-1 inked 
recessive (Emery, 1971; Furukawa and Toyokura, 1976), although gene­
t i c i s t s  are s t i l l  debating how many genes there ac tua l ly  are fo r  each 

of  the d i f fe re n t  va r ia n ts . Emery et a l . (1976b) and Pearn et  a l . 
(1978b) concluded that in t i e  ma jor i ty  o f  the more chronic forms of SMA 
(excluding those of  adul t  onse t) , an autosomal recessive gene(s) was 
responsible fo r  the condi t ion, with only a small group of cases being 

inheri ted as a t r a i t  fo r  which a dominant gene(s) is  responsible. In 
SMA of  adul t  onset, at  least three separate genes (autosomal recessive, 
autosomal dominant and X-l inked recessive) appear to be involved (Pearn 
et  a l . ,  1978a). At present, however, agreement concerning the type of 

inheri tance has only been reached with regard to acute, Werunig- 
Hoffmann's disease, which is  caused by an autosomal recessive gene 

(Pearn et a l . ,  1973; Pearn, 1978).
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Figure 7. Mi' d form of spinal muscular atrophy. Case 4.

Biopsy specimen shows marked var ia t ion  in f ib re  
size and scattered atrophy of  f ib res .  A s l ig h t  
increase in the number of ce n t ra l ly  orientated 
nuclei and an increase in amount of f ibrous 
tissue are evident.

(H & E; x 320)

Figure 8 . Mild form of  spinal muscular atrophy. Case 4.

Grouping of  ind iv idual f ib re  types is seen.
Type 1 f ib res  show targetoid formation and 
have a "moth-eaten" appearance.

(NAD; x 320)
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Figure 9.

Figure 10

Intermediate form of spinal muscular atrophy. 
Case 6.

Marked grouping, p a r t i c u la r ly  of  type 1 f ib res ,  

is observed; and type 1 f ib res tend vO be 
small. Several type 1 f ib res  also have an i r ­
regular shape and "moth-eaten" appearance.

(NAD; x 320)

Intermediate form of spinal muscular atropny. 
Case 6.

There is marked grouping, p a r t i c u la r ly  of  type 
1 f ib res .  Many of these tend to be small and 
c i rcu la r  in shape. Some hypertrophic type 1 

and type 2 f ib res  are present.

(ATPase, preincubated at pH 4.3; x 320)
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found in biopsy t issue of the sural nerve (Table 7). In addit ion, -a 
th i rd  (rare) spinal type was dist inguished, characterized by the absence 
of sensory impairment or nerve enlargement, and with normal nerve con­

duction ve loc i t ies .  This sub-div ision d i f fe red  from those of 
Humberstone (1972), Salisachs (1974), Marsden (1975) and Davis et a l . 
(1978). Dyck (1975) proposed a more advanced nomenclature, but at  pre­
sent the three-type c la ss i f i c a t io n  of hypertrophic, neuronal and spinal 
(Behse and Buchthal, 1977; Buchthal and Behse, 1977) appears to be the 
most convenient fo r  diagnostic purposes. Many other disorders have 
been reported in associat ion with PMA, the be t ter  recognized ones being 
tremor (Salisachs, 1976; Buchthal and Behse, 1977), ataxia (Thomas 
et a l . ,  1974; Brust et a l . ,  1978), spastic paraparesis (Dyck and 
Lambert, 1966b) and optic atrophy (McLeod et a l . ,  1978).

Muscle biopsy f indings may include the presence o f :  small angulat-
ed f ib res  (Fig. 13), grouping of atrophic f ib res  (Fig. 11), pyknotic 
nuclear lumps and central n u c le i , a l l  of  which are charac te r is t ic  of 
the many denervating diseases. Grouping of atrophic f ib res af fects  
both the type 1 and type 2 va r ie t ies .  Type 1 f ib re  predominance may 
also be observed (Fig. 14). Changed cytoarchi tecture in respect o f ,  
fo r  example, target , targetoid and "moth-eaten, whorled" f ibres is more 
prevalent in PMA than in other types of neuropathies (Fig. 12). A 
s t r i k in g  feature of  PMA, as compared with other chronic peripheral neu­

ropathies, may be the presence of hypertrophic type 1 f ib re s ,  these 

being quite common (Dubowitz and Brooke, 1973).

EMG studies demonstrate the presence of denervation.

TABLE 6. C l in ica l  sensory changes in the three types of peroneal 
muscular atrophy.

TYPE

% patients with sensory los;
. . .  .

Buchthal and Behse (1977) Brust et a l . (1978)

Hypertrophic . . 70% 78%

Neurcial .......... 90% 57%

Spinal .............. 0% 0%

(. 
J
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Figure 11. Peroneal muscular atrophy. Case 15.

Biopsy revealed large areas of grouped f ib re  
atrophy. Many small , angulated f ib res ,  and 
some hypertrophic f ib res  are seen.

(H & E; x 320)

Figure 12. Peroneal muscular atrophy. Case 9.

Type 1 f ib res show targetoid formation and have 
a "moth-eaten" appearance. A few small , angu­
lated type 1 f ib res  are to be observed.

(NAD; x 1280)
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Figure 13. Peroneal muscular atrophy. Case 14.

There is extensive grouping of type 1 f ib res .  
Several of the type 2 f ib res  are small and 

angular.

(Routine ATPase, pH 9.4; x 320)

: igure 14. Peroneal muscular atrophy. Case 14.

Marked grouping of type 1 f ib res  can be seen. 

(EDTA/ATP; x 320)
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Figure 15. Hypertrophic form of peroneal muscular atrophy. 
Case 14.

Electron micrograph of a section through the 
an ter io r  t i b i a !  nerve, showing loss of large 
and small myelinated nerve f i b r e s . An in ­
crease in endoneural space is  evident, as well 
as "onion-peeling" of both larger and smaller 

nerve f ib res .

(x 2000)
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MYASTHENIA GRAVIS

Myasthenia gravis (MG) is a neuromuscular disorder which was f i r s t  
described by W i l l i s  in the seventeenth century. I t  is characterized 
by weakness and abnormal fat igue of skeletal muscles, which becomes 
worse fol lowing muscular a c t i v i t y  and improves with rest.  The pre­
valence of th is  syndrome is thought to be 2 - 10 per 100,000, wi th the 
onset occurring before age 20 in approximately 20% of cases.

The i n i t i a l  c l i n i c a l  manifestations are frequently ocular. Vari ­
able ptosis and/or external ophthalmoplegia with diplopoea are th most 
common early  complaints (Matt is , 1941). In nearly a l l  cases, the ocu­
la r  muscles are u l t imate ly  affected Occasionally the disease remains 
confined to the extraocular muscles, th is  condit ion being known as ocu­
la r  myasthenia. The oropharyngeal muscles are often also involved, 
causing d i f f i c u l t i e s  in respect of swallowing, chewing and prolonged 
speech. C harac te r is t ica l ly ,  the voice becomes nasal i n i t i a l l y  and 
la te r  s lurred, with sy l lab le  re tardation and decreased amplitude. How­
ever, any muscle may be affected f i r s t  by the disease. Other muscles 
that may be involved include: (1) the face muscles, leading to loss of
fac ia l  expression; (2) the respira tory  muscles ( in tercosta l  muscles 
and diaphragm), in which case resp i ra tory  dis tress or fa i lu re  can re­
s u l t ;  and (3) any of the limb muscles, which causes d i s a b i l i t i e s  such 
as d i f f i c u l t y  in keeping the arms outstretched or r is ing  from a chair 
(proximal muscles being affected to a greater extent than d is ta l  groups). 
(4) There can be weakness of the neck and trunk muscles, resu l t ing in 
poor posture.

For many years, i t  was thought that  the pr inc ipa l  abnormality in 
MG lay in the presynaptic nerve terminals of the neuromuscular junction 
(Elmqvist e t  a l . ,  1964). I t  was not un t i l  the discovery of two neuro­
tox ins, a-bungarotoxin and a-cobra tox in (derived from cer ta in snake 
venoms), which bind s p e c i f i c a l l y  to acetylchol ine receptors (Lee, 1972), 
tha t  the id e n t i f i c a t io n  of the acetylchol ine receptor abnormality in MG 

was elucidated. More recent evidence has indicated that the basic 
physiological defect occurs as a resu l t  of  reduction in the number of 
avai lable acetylchol ine receptor s i tes at the neuromuscular end-plate
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region (Fambrough et a l . ,  1973; Berder s t  a l . ,  1975, 1976; Engel 
et a l . ,  1977a). I t  has been suggested that this receptor d e f i c i t  is 

due to an autoimmune response, in which on inflammatory or tumorous 

process wi th in the thymus gland could cause exposure of acetylchol ine 
receptor proteins (found in normal thymic myoid tissue and s im i la r  to 
those in muscle) to thymic lymphocytes This, in turn,  could subse­
quently cause ant i -acety lcho l ine receptor antibodies to be produced, 
capable of cross-reacting with peripheral acetylchol ine receptor pro­
te ins,  and thus preventing acetylchol ine from gaining access to ace ty l ­
choline protein receptors on the postsynaptic muscle membrane. This 
would resu l t  in a sub-threshold end-plate potential  of i n s u f f i c ie n t  
magnitude to produce a muscular contract ion (Simpson, I960).

Recently, several authors have reported the presence of ace ty l ­
chol ine receptor antibodies in 85% - 93% of patients with M G  (Lindstrom 
et  a l . ,  1976; Mittag et a l . ,  1976; Lefvert et a l . ,  1978; Oda et a l . ,  
1980). The antibody t i t r e  corresponded to some extent with c l in i c a l  
sever i ty  (Bradley et a l . ,  1978; Lefvert et a l . ,  1978): low l i t r e s
were found in mild or purely ocular MG, fo l lowing thymectomy or in pa­
t ien ts  receiving immunosuppressive therapy; and high l i t r e s  in more 
severely affected patients. Pathological changes of the thymus have 
been found in 75% - 82% of patients with MG. Of these, approximately 
85% showed thymic hyperplasia, whi le between 8% and 15% had associated 
thymomas (Seybold et  a I . ,  1950; Castleman, 1966; Namba et  a l . ,  1976). 
Thus, both humoral * and cel l-mediated** immune reactions have been im­
pl icated in the pathogenesis of  MG. However, the mechanism by which 
the immune response to acetylchol ine receptor is in i t i a t e d  is s t i l l  
uncertain, although a pers is tent v i ra l  in fect ion  of the thymus has 
been suggested (Datta and Schwartz, 1974; Tindal l  et a l . ,  1978).

MG sometimes occurs in associat ion with other disorders, often 
with an autoimmune basis. The ones more commonly encountered are 
rheumatoid a r t h r i t i s  (Simpson, 1960) and various thyroid abnormalit ies

* Acetylcholine receptor antibody production - Almon et a l . ,  1974;
Al.aronov et  a l . ,  1975; Namba et a l . ,  1976.

**  rhymoma/hyperplasia leading to the production of  lymphocytes -
Abramsky e t  al , 1975; Richman et a l . ,  1979.



(Osserman e t a l . ,  1967).

MG can be classed in three broad categories: adult  myasthenia;
juveni le  myasthenia; and myasthenia occurring in the newborn. The 
adul t and juveni le  types are very s im i la r  in both c l in i c a l  picture and 
pathogenesis. The adul t form can occ ir  a t  any age, although i t  is  more 
commonly seen in younger patients, often in the i r  twenties; and is more 
prevalent in females. Another form, appearing in la te r  l i f e ,  is  more 
common in males. The l a t t e r  group is often associated with thymomas, 
while ind iv iduals of the former group usual ly have thymic hyperplasia.
In juveni le  myasthenia, the f i r s t  symptoms always appear a f te r  one year 
of age, with 75% of  cases occurring a f te r  the age of  ten (Mil l ichap and 
Dodge, 1960). G ir ls  are more frequently affected than boys and approx­
imately 20% of  cases have a complete and permanent remission of symptoms. 
Another, rare form of juven i le  myast'enia occurs in chi ldren between the 
ages of  2 and 10 (Lieberman 1942; Bastedo, 1950). In th is  fulmina­
t ing form, there is an acute bulbar paralysis which progresses rap id ly  
to dyspnoea and cyanosis w i th in  24 hours. I f  not treated promptly, 
the condit ion can be fa ta l .

MG in the newborn is sub-divided in to :  transient neonatal, con­
genital and fam i l ia l  i n fa n t i l e  myasthenia; and acetylchol inesuerase 
def iciency. ^-ansient neonatal myasthenia, in which a t rans i to ry  weak­

ness las t ing  5 - 4 7  days occurs, is found in 12% of babies born to myas­
thenic mothers. The cause is  thought to be the resu l t  of d i f fus ion  of 
acetylchol ine receptor antibody from the mother through the placenta 
(Keesey et a l . ,  1977). However, results from a study by Lefvert et a l . 
(1978) led to the suggestion that addi t ional  fa c to rs , besides a passive 
transfer of maternal receptor antibodies, may contr ibute to th is  form 
of MG. Weakness is usual ly evident w i th in  the f i r s t  few hours of  b i r t h ,  
the most frequent c l in i c a l  feature being d i f f i c u l t y  in feeding, although 
generalized hypotonia and fac ia l  weakness are also common. Only one 
case of  transient neonatal myasthenia fol lowed by the juveni le  form has 
been reported (Osserman, 1958). Congenital MG is c l i n i c a l l y  apparent 
at b i r t h  or short ly  thereafter and occurs in 1% of cases of mothers 
with MG. I t  appears to be genet ica l ly  inher i ted ,  males being affected 
more often than females. The most prominent feature of th is  type of 
MG is involvement of the extraocular muscles, which is  frequently
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accompanied by fac ia l  weakness. I t  is generally non-progressive, a l ­
though mild f a t ig  nng of  muscles, progressing to generalized weakness, 
has been reported in some cases. Famil ial  i n fa n t i l e  myasthenia, l i ke  
congenital myasthenia, also has a high fam i l ia l  incidence. Severe 
respira tory  and feeding d i f f i c u l t i e s  occur at b i r t h ,  but the ex^ra- 
ocular muscles remain unaffected. There is a tendency fo r  spontaneous 
remission to occur, although a subsequent recurrence of apnoea is not 
uncommon. Acetylcholinesterase defic iency,  a "new" myasthenic syn­
drome, has been recorded only once (Engel et a l . ,  1977b). Ptosis was 
evident at  5 days of age. There was progression w i th in  one year to 
in te rm i t ten t  strabismus and muscle fat igue on exert ion. Al l  tests f or 
myasthenia were negative and antichol inesterase drugs had no e f fec t .
At age 11, respiratory d is tress was seen to accompany a cold; and at 
14, there was evidence of an associated bulbar palsy. Numerous inves­
t iga t ions  revealed small nerve terminals, decreased acetylchol ine re­
lease, and a defic iency in the amount of end-plate acetylchol inesterase. 
Althougn anti  acetylchol inesterase and guanidine did not improve the 

condi t ion, prednisone had a beneficia l e f fec t .

Limb-girdle myasthenia occurs in adolescence end is  characterized 

by rapid onset of  proximal weakness but with no invo vement of  the 
extraocular muscles (McQuilien, 1966). In addi t ion ,  several "myas­
thenic" syndromes have been described which resemble true myasthenia 
gravis in c l i n i c a l  p ic tu re . These include malignancy (^aton-Lambert 
syndrome; although th is  may occasionally occur in the absence of malig­
nancy), collagen vascular disease (such as systemic lupus erythematosus 
and rheumatoid a r t h r i t i s ) ,  and the ef fects  of certa in a n t ib io t ic s  and 

botulism.

I t  w i l l  be evident from the above synopsis that prompt diagnosis 
and treatment o f  myasthenia is essent ia l.  In some types, th is  may 
have a l i fe -sav ing  e f fec t .  Diagnosis is  usual ly establ ished by means 
of an "edrophonium test"  and EMG studies. A posi t ive "edrophonium 
te s t " ,  observed in true myasthenic patients, occurs when muscle strength 
and respiratory  function are substan t ia l ly  improved by the intravenous 
in jec t ion  of edrophonium (Osserman, 1958). Characterist ic  EMG f in d ­
ings, observed with repeated motor nerve s t imula t ion ,  show a progressive 

decrease in amplitude of muscle act ion potent ia ls  (Ozdemir and Young,
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1976). Thymomas can be detected by several means. Keesey et a l .

(1930) have suggested that a combination of chest radiography, computed 

tomography of  the thorax and a n t i s t r ia t io n a l  antibody tests be used for  
purposes of diagnosis.

Muscle biopsy, which only demonstrates changes secondary to those 
occurring at  the neuromuscular ju n c t io n , may supply addit ional informa­
t ion  (Figs 16, 17). Focal atrophy of  type 2 f ib res  (Fig. 17), not 
seen in other i l lnesses,  is found in over 50% of  patients with myasthe­
nia (Dubowitz and Brooke, 1973). However, at 'ophy of tvpe 1 f ibres 
is also sometimes present (Fig. 17); in which case the condit ion can­
not be d i f fe ren t ia ted  from that of denervation. Lymphorrhages have 
also been observed (Engel and McFarl in, 1966).

Electron microscopic studies of the neuromuscular junction in MG 
have revealed a decrease in both tne mean nerve terminal area and the 
area of postsynaptic membrane per nerve terminal.  The postsynaptic 
membrane is s im p l i f ied ,  the secondary synaptic c le f ts  being shallower, 
widened and more disorganized than in a normal end plate (Engel and 

Santa, 1971). Postsynaptic regions denuded of  the i r  nerve term ina l , 
have also been observed (Santa et a l . ,  1972).

Treatment of MG ■includes the administrat ion of antichol inesterase 
drugs such as pyridostigmine; steroid therapy, fo r  example the use of 
prednisone; and thymectomy. Plasma exchange, used in conjunction
with immunosuppressive drugs, has been found to be of great value in 
the treatment of an acute myasthenic c r i s i s  (Dau et a l . ,  1977;
Pollard et a l . ,  1980; Samtleben et a l . ,  1980). Al l  these forms of 

treatment have a var iable e f fec t .  There is controversy in the l i t e r a ­
ture concerning the response to surgery, and i t  is s t i l l  uncertain 
whether or not a l l  pat ients with MG should undergo thymectomy. I t  
should be noted cnat Genkins et  a l . (1975) have shown that besides the 
normal ind ication fo r  thymectomy in patients who have an associated 
thymoma, early thymectomy is also benefic ia l in improving the rate of 
remission in patients with MG who have no associated thymoma.
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Figure 16.

Figure 17

Myasthenia gravis. Case 18.

Small groups of atrophic f ibres can be seen. 

(H & E; x 1280)

Myasthenia gravis. No case number.

Biopsy demonstrated s ingle, foca l ,  type 2 f ib re  
atrophy and occasional, sing le, type 1 f ib re  
atrophy. There are large areas of type 1 f i ­

bre grouping.

(Routine ATPase, pH 9.4; x 320)
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STIFF MAN SYNDROME

S t i f f  man syndrome (SMS) is  a rare neuromuscular d iso rder , f i r s t  
described by Moersch and Uoltman (1953). There are fewer than 40 re ­
corded cases o f  th is  syndrome, which appears to be more prevalent in 

males than in females. The average age o f  onset is  between 43 and 46 
years, although i t  may occur a t  any age. The rate of  onset of  the 
disease is var iab le ,  ranging from days to months or years.

SMS is characterized by slowly progressive, f a i r l y  symmetrical, 
f luc tua t ing  muscular r i g i d i t y  and spasms, the sever i ty  and extent of  

which varies in d i f fe re n t  ind iv idua ls .  Pain is  usual ly associated with 
muscular spasms which are e i th e r  local ized ( l i k e  cramp) or general ized 
and fa r  more severe (more common). The l a t t e r  type is characterized by 

v io le n t  contract ions of  both agonis t ic  and antagonist ic muscles. In 

several patients , the spasms have been of  such in te n s i ty  as to resu l t  in 
spontaneous f rac ture of the femur (Cohen, 1966); and in two cases, a 

Smith-Petersen nai l  was subsequently bent fo l lowing a fu r the r ,  severe 
spasm (Asher, 1958; 0 1 Connor, 1958). These severe attacks cause i n ­
tense pain and resu l t  in profuse perspir ing.  The duration and frequen­

cy *'f the spasms is var iab le ,  an attack las t ing  from minutes to hours 
and incurr ing as frequent ly  as 12 times or more per day. Various fac­
tors mev cause an attack to take place, namely noise; cold weather; 

act ive o*' passive movement; pa in fu l  s t imula t ion or sometimes even 

stroking of the skin; and emotional disturbances such as excitement or 
s tress.  I t  i s  not surpr is ing ,  therefore , that  p r io r  to Moersch and 

Woltman's (1956) descript ion of SMS, these patients were diagnosed as 
being "hys te r ica l " .

Although muscular spasm is the most s t r i k in g  feature of  SMS, spasms 
are superimposed on a slowly progressive, pe rs is ten t ,  muscular contrac­

t ion or tautness o f  s t r ia ted  muscles. This r i g i d i t y  is  usual ly  the 
f i r s t  svmptom to be observed and is most of ten evident in the trunk and 

sometimes neck muscles, but la te r  extends to the extremit ies ,  proximal 
muscles being affected more than d is ta l  ones; and the legs being in ­
volved to a greater extent than the arms (Moersch and Woltman, 1956).

The fa c ia l  and oropharyngeal muscles, however, remain unaffected by the
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disease process. Muscle strength is usual ly normal or only s l ig h t ly  

decreased, despite patients '  frequent complaints of weakness. Muscle 
stretch ref lexes and tendon reflexes are essen t ia l ly  normal, although 
these are often d i f f i c u l t  to evaluate, owing to the muscular spasms and 
r i g i d i t y .  Sensation is normal .

A kyphosis or lordosis may occur as a resu l t  of generalized muscu­
la r  r i g i d i t y .  Some patients have d i f f i c u l t y  in breathing and eating, 

owing to severe spasm of the thoracic and abdominal muscles. With 
progressive involvement of the lower extremit ies, g a i t  becomes s t i f f  and 
laborious and these patients have a tendency to f a l l  " l i ke  a wooden man" 
(Moersch and Woltman, 1956). Eventual ly, ambulation is impossible. 
S im i la r ly ,  as r i g i d i t y  in the trunk muscles increases, the pat ien t  f inds 
i t  progressively more d i f f i c u l t  to bend or s i t  up. F ina l ly ,  th is  too 
becomes impossible, leading to a completely bedridden, physica l ly in ­
capacitated state. Nocturnal myoclonus has been associated with sever­
al cases (Mart ine l1i et a 1. ,  1978). Approximately 10% of  patients with 

SMS have epi lepsy.

Electromyographic studies reveal a s im i la r  p ic ture in a l l  cases of  
SMS: no evidence of  lower motor neuione disease or myopathy; normal
motor and sensory nerve conduction ve loc i t ies  in a l l  extremit ies; an 
absence of muscular fascicu lat ions or f i b r i l l a t i o n s ;  and the presence 
of continuous, apparently normal, motor-unit  a c t i v i t y  in both agonist ic 
and antagonistic muscle groups at  " res t " .  Muscle biopsy and brain and 
spinal cord necropsy studies have been non-specif ic (Figs 18, 19, 21), 
a l l  f indings e i ther  being consistent with those associated with the nor­

mal ageing process, or in the case of  muscle biopsy, being a t t r ibu tab le  
to the prolonged, severe muscular spasms and r i g i d i t y .  In one case, 
an 8-year-old black g i r l ,  spec i f ic  changes in the mitochondria (Fig. 20) 
which could not have occurred as a resu l t  of the muscular spasms or r i ­

g id i t y ,  remain unexplained (Isaacs, 1979).

The pathogenesis of SMS is at present obscure, although there have 
been various suggestions as to the possible cause. I t  was found that 

administrat ion of L-dopa, a drug which lowers the concentration of 
S-adenosylmethionine in the brain, resu l t ing in an increase in the con­
centrat ion of norepinephrine, causes increased muscular r i g i d i t y
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(Schmidt et a l . ,  1975). On the other hand, diazepam and baclofen, 

which increase the a c t i v i t y  of  the gamma-aminobutyric acid (GABA) sys­

tem and reduce the a c t i v i t y  of  both brain and spinal catecnolaminergic 
neurons, resu l t  in a decrease in frequency and severi ty o f  muscular 
spasms (Howard, 1963). In view of these pharmacological resu l ts ,  i t  
was postulated that an imbalance between the GABA and catecholaminergic 

neuronal systems was the cause of  SMS. Some doubt has been cast on 
the suggested involvement of the GABA system though, because of the 
fa i lu re  of  SMS to respond to administrat ion of dipropylacetate, a drug 
which increases the concentration of GABA in the brain. I t  was also 
noted that the severi ty  of muscular spasms is correlated d i re c t ly  with 
the concentration of MHPG (3-methoxy-4-hydroxy-phenyl g lyco l)  excreted 
in the ur ine, namely, a high ur inary MHPG concentration being associat­
ed with severe muscular spasms (Schmidt et a l . ,  1975). MHPG is a 
major metabol ite required for the production of  norepinephrine in the 
brain. I t  is thought that diazepam reduces the formation of norepine­
phrine in the CNS, which resul ts  in a lowered urinary MHPG concentra­
t ion  and consequently in a reduction in the in tens i ty  of  muscular 
spasms. However, treatment by means of the various drugs resul ts  only 
in symptomatic r e l i e f ,  p a r t i c u la r ly  of the severi ty  and frequency of 
muscular spasms. Even these are altered only to a cer ta in extent. 
Other forms of treatment which have been used include psychotherapy, 
shock treatment, hypnosis and physiotherapy, a l l  of which had l i t t l e  or 
no e f fec t  on the condit ion.

Recently, Maida et a l . (1980), using computed tomography, reported 
atrophy of the brain stem in a case of SMS. From th is  observation, 
and the presence of abnormal CSF leve ls ,  they concluded that a possible 
cause of SMS in some cases may be an inflammatory process.

Although the c l i n i c a l  features of SMS resemble those of tetanus, 
there are d i s t i n c t  dif ferences between these two diseases. In SMS, 
the muscular spasms are not as v io len t  as in tetanus, muscular re laxa­
t ion  occurs more gradually and the jaw muscles are unaffected by the 

spasms. Trismus, a common feature of tetanus, is nut found in SMS; 
and whereas the duration of the conseouences of tetanus is only weeks 

or months, SMS persis ts in d e f in i te ly .
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Figure 18

Figure 19.

S t i f f  man syndrome. Case 27.

Normal muscle.

(H & E; x 320)

S t i f f  man syndrome. Case 27.

Normal muscle.

(EDTA/ATP; x 320)





Figure 20. S t i f f  man syndrome. Case 27.

Electron micrograph demonstrating swelling of 
the SR and distended mitochondria with rup­

tured cr is tae.

(x 12000)

Figure 21. S t i f f  man syndrome. Case 27.

Electron miciograph showing myofilamentous and 
Z- l ine disruption as well as loss of  myof ibr i ls

(x 12000)





189

MALIGNANT HYPERTHERMIA

Since the report by Denborough and Lovel l (1960) of ten hyperpyrex­

ia ! deaths in the same fami ly , the malignant hyperthermia (MH) syndrome 
has become recognized as one of the most common causes of anaesthetic- 

induced deaths. This rare but often fa ta l  complicat ion which can ac­

company general anaesthesia, has an estimated frequency of  one per 

fourteen thousand anaesthetic events and a 64% m or ta l i t y  rate ( B r i t t  and 

Kalow, 1970). I t  is  inheri ted as an autosomal dominant cha rac te r is t ic  

with var iable penetrance (Denborough et a l . ,  1962; B r i t t  et a l . ,  1969).

Malignant hyperthermia is  the re su l t  of  an abnormal muscle response 
in  susceptible ind iv idua ls  to various t r ig g e r  agents, o f  which certa in 
anaesthetics (especia l ly  halothane and succinylchol ine) have been found 
to be the most common.

I t  has been discovered tha t  in a large number of fam i l ies ,  Mh is 
associated wi th one of  a number of myopathies (Denborough et a l . ,  1970; 

Steers et a l . ,  1970), many of  these being subc l in ica l  in nature (Isaacs 
and Barlow, 1970a). The aetio logy of th is  metabolic disorder is  ob­
scure. However, i t  is  thought that  the syndrome occurs as a resu l t  of
impaired binding of  calcium ions to the membranes of  the SR, leading to

uncoupling o f  ox idative phosphorylation and a resu l tan t  hypermetabol ic, 
exothermic state ( B r i t t  et  a l . ,  1973). Several other hypotheses re­
garding causation have been reviewed by B r i t t  (1979).

The syndrome is characterized by a rapid increase in body tempera­
ture during anaesthesia, and in most cases by an associated hypertonus 
or muscle r i g i d i t y ,  which is  of ten a d i s t i n c t i v e  feature of the episode 
( B r i t t  and Kalow, 1970). However, muscle r i g i d i t y  and r ise  in tempera­
ture sometimes occur only in the advanced stages of  a MH c r i s i s ,  by 
which time the pa t ien t 's  l i f e  has become ser iously endangered. The re­
s u l t  is  decerebration, cardiac and renal fa i l u re  and, f i n a l l y ,  death.
The longer the durat ion of  the anaesthesia and the higher the absolute 
maximum temperature, the greater is the m o r ta l i t y  rate ( B r i t t  and Kalow, 

1970). B r i t t  (1974) found that  the most r e l ia b le  i n i t i a l  symptom in 

nearly a l l  cases was tachycardia or other arrhythmias, often associated 

with unstable blood pressure, f lush ing or mott l ing cyanosis of the skin
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and tachypnoea. Laboratory f indings have included respira tory  and 

metabolic acidosis, hyperkalaemia, hypermagnesaemia, increased blood 
levels of glucose, lactate and pyruvate, hyperphosphataemia, myoglo­
b inur ia ,  and elevated serum creatine phosphokinase (CPK) and other 
enzyme levels ( B r i t t  and Kalow, 1970).

Once a case of MH has occurred in a fami ly , a number o f  tests need 
to be carr ied out to determine whether or not other members of the fami­
ly  are car r ie rs .  Laboratory invest igat ion includes muscle in v i t r o  
contract ion studies and histopatholog ical  and serum enzyme studies.
A raised CPK level has been used in diagnosis (Isaacs and Barlow, 1970b, 
1973), although when considered alone i t s  value is l im i ted ,  owing to 
the increased CPK a c t i v i t y  that occurs in various other diseases not 
related to MH. Muscle biopsy f indings have proved to be non-specif ic 
(Figs 22, 23), the most s t r i k in g  abnormality being seen on electron 
microscopic examination of  the mitochondria. Common features are rows 
of distended mitochondria with distended/ruptured cr is tae (Fig. 24) 
(Isaacs et a l . ,  1973). In v i t r o  muscle tension studies would appear 
to cc the most re l ia b le  tes t ,  although even here some equivocal resul ts  
have been obtained. Consequently, i t  has oeen concluded that even 

when a combination of the above c r i t e r i a  are used in an attempt to iden­
t i f y  MH susceptible patients , a few cases may go undetected (Isaacs,
1977).

I t  has recently  been suggested that  "malignant hyperthermia" is  a 
misnomer; and the name "acute fam i l ia l  peranesthetic rhabdomyolysis" 
has been proposed (Zsigmond, 1980).



Figure 22. Malignant hyperthermia. Case 28.

Note single f ib re  atrophy, f ib re  s p l i t t i n g  and 
mult inucleated f ib res .

(H & E; x 1280)

Figure 23. Malignant hyperthermia. Case 28.

This section shows grouping of both f ib re  types. 

(ATPase, preincubated at  pH 4.3; x 320)





193

Figure 24. Malignant hyperthermia. No case number.

Electron micrograph i l l u s t r a t i n g  mitochondrial 
distension and showing ruptured cr is tae.  The 
SR also appears to be swollen.

(x 12000)
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A P P E N D I X  4 

EXAMPLES OF NORMAL AND ABNORMAL MUSCLE TENSION TRACINGS



Figure 25. Example of  a normal muscle tension trac ing. 

(Normal 13}



Figure 2Ei. Example of  a normal muscle tension trac ing.

(Normal 13)
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Figure 26. Example of an abnormal muscle tension tracing. 

(Case 29)
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