
Virchows Arch. A Path. Anat. and Histol. 362, 207--221 (1974) 
�9 by Springer-Verlag 1974 

Uhrastructure of Muscle in Stiff-Man Syndrome 

R. Yarom, J.  Chaco, and D. Steigbuegel 

Department of Pathology, Internal 3/iedicine A and Physical Medicine 
and Rehabilitation, Hadassah Medical School-Hebrew University, Jerusalem, Israel 

Received September 11, 1973 

Summary. Ultrastructural changes observed in a muscle biopsy from a patient suffering 
with "Stiff-man" syndrome are described. In addition to nonspeeific degenerative and 
regenerative changes in the myofibers, the site of maximal pathology seems to be the myoneu- 
ral junction, with mainly hypertrophic and hyperplastie changes of the motor end plates. 
The possible pathophysiological factors causing these inductive changes are discussed. 

Introduction 

Stiff-man syndrome is a vague condition for which the diagnostic criteria 
include: 1) generalized muscular stiffness, disappearing during sleep; 2) normal 
neurological examination; 3) continual EMG activity at rest; 4) depression of 
EMG activi ty and muscle stiffness with general anaesthesia, spinal anaesthesia, 
peripheral blockade and curare [6, 7, 17]. The disease progresses slowly for 
months or years with attacks of painful, prolonged cramps and spasms super- 
imposed on general muscle stiffness. I t  resembles subacute or chronic recurrent 
tetanus. 

The etiology is thought  to be central. To explain the muscle rigidity, it was 
suggested [6] tha t  the fusimotor system is involved and tha t  the activity of 
motor neurons becomes unduly influenced by  drives from suprasegmental regions. 
The post synaptic potentials are abolished, so tha t  there is no inhibition (through 
activity of spinal interneurons) of impulses coming from higher centers. I t  is 
also possible tha t  more than  one etiological factor is responsible for the syndrome 
[6, 73 . 

No characteristic cellular lesion has been described in the stiff-man syndrome. 
Muscle biopsy usually reveals normal histology, although there is a report of some 
degenerative and regenerative changes, cellular infiltration and proliferation of 
connective tissue [6]. The question was raised as to whether the above changes 
might not have been caused by  the t rauma and ischemia associated with the 
spasms [6]. 

The present report describes the abundant  subcellular changes found in a 
histologically unremarkable muscle biopsy from a patient  with stiff-man syndrome. 
To the best of our knowledge, there have been no previous reports of the ultra- 
structure of muscles and neuromuscular junctions in this condition. 

This work was supported in part by a grant from the joint Research Fund of the Hebrew 
University-Hadassah Medical School. 
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Materials and  Methods  

Short Clinical History 
At the time of the examination, the patient was a 29-year old merchant, married, with 

three children. He was well until 7 years previously when painful muscle cramps and stiffness 
developed. Various groups of muscle fibers contracted forcibly and painfully for a few seconds 
at a time. These attacks lasted minutes to hours and recurred at first every few weeks and 
finally every few days. There were no attacks at night and sleep was never disturbed. The 
patient had been hospitalized several times, and numerous laboratory and electrodiagnostic 
tests, as well as a muscle biopsy had been done, but had failed to establish a diagnosis. During 
the 4 years before the present admission, he had also been suffering from ulcerative colitis, 
as confirmed by typical intestinal x-ray findings and a rectal biopsy. There had been a vague 
history of epileptic fits 4 years previously, completely controlled by phenobarbitone which 
he continued to take. The patient was admitted to the hospital six weeks before the examina- 
tion because of exacerbation of both the muscle condition and the colitis. A severe attack 
soon after admission was accompanied by bronchospasms and required curarization for relief. 

Physical examination revealed widespread intermittent cramps shifting from one muscle 
group to another. Neurological examination revealed no abnormal findings(!). The only 
abnormality in the laboratory tests consisted of increased serum globulin (total proteins 
6.9g-%, albumen to globulin ratio, 2.8:4.1) and on clectrophoresis the gamma globulin 
fraction was 25.6%. The E ~ G  showed multiple potentials from deltoid muscles during rest. 
Each potential was normal with an amplitude of 600 microvolts and duration of 3 milliseconds. 
When the same procedure was done in the absence of cramps, action potentials still registered 
on the oscilloscope, although these were less numerous. EEG showed an abnormal nonspecific 
record with no localized epileptic focus. 

The patient had been receiving the following drugs : sMazopyrine, 5 gm daily, and pheno- 
barbitone, 100 mg daily, for 4 years; ACTH, 20 units per day for 8 days, 2 months before 
the examination, followed by meticorten, 40 mg per day for 7 weeks; finally diazepam 
(valium), 40 mg per day for 6 weeks with good effect. The patient left the hospital markedly 
improved, but not completely free h'om the stiffness or attacks of cramps. 

Muscle Tissue Biopsy and Preparation/or Electron Microscopy 
An open biopsy from the deltoid muscle was performed in the operating theater. 1% 

Lignocaine was used and care taken to anaesthesize the skin only and not the underlying 
muscle. A "no  touch"  technique was employed as far as possible. Three pieces of tissue, 
each about 1 cm long and 0.3 cm thick, were removed after tying ligatures at the two ends 
of each sample. The pieces were fixed in a slightly stretched state by first dripping fixative 
onto the secured tissue, and then by an additional hour's immersion in cold fixative. The 
fixative solutions were a) 3 % glutarMdehyde buffered with 0.i M /qa cacodylate and post- 
fixed in osmium tetroxide, b) 2% osmium tetroxide with the same buffer, or c) 2% potassium 
pyroantimonate with 1% osmium tetroxide dissolved in 0.01 N acetic acid, unbnffered [18]. 
All the samples were dehydrated in graded alcohols, followed by propylene oxide and embed- 
ding in Epon 812. Thin sections were cut onto 200 and 300 mesh formvar-coated copper grids. 
These were stained with uranyl acetate and lead citrate and viewed with a Philips 300 electron 
microscope. 

To compare the potassium pyroantimonate fixation with controls, samples of two normal 
:muscles were taken in a similar manner during open surgery for unrelated conditions, and 
prepared as described above. 

Observations 
Change in Muscle Fiber 

T w e n t y  d i f f e ren t  t i ssue  b locks  f r o m  m a t e r i a l  in t h e  t h r ee  f i x a t i v e  m i x t u r e s  

were  e x a m i n e d  in t h e  phase  a n d  e l ec t ron  microscopes .  M a n y  m y o f i b e r s  a p p e a r e d  

qu i t e  n o r m a l  and  ~he o n l y  a b n o r m a l i t y  in s o m e  was  an  o v e r a b u n d a n c e  of g l y c o g e n  

(Figs.  1, 2). I n  severa l  a reas  whe re  r ed  a n d  wh i t e  f ibers  were  seen t oge the r ,  t h e  
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Fig. 1. Two adjacent,  glycogen-rich muscle cells. The myofiber on the r ight  is probably a red 
fiber with  numerous mitochondria  (m) ; i t  is contracted and  contains an excessive amount  of 
glycogen (G). The myofiber on the  left is probably  a white fiber; i t  appears relaxed and 

stretched (sarcomere length approximately 3.6 ~). (X 11200) 

Fig. 2. Myofiber fixed in osmium shows tr iads with apparent ly  empty  slightly dilated lateral 
sacs (LS). Inser t :  when the muscle is fixed with glutaraldehyde, sacs appear normal and 

contain granular  material.  ( •  35000, insert  • 26000) 



Fig. 3. Structureless myofiber shaving preserved basement membrane (arrow), and two 
nuclei (N) with clumped marginM chromatin. Sarcoplasm contains large vacuoles, fibrillar 

and amorphous material. ( • 5 600) 

Fig. 4. Degenerated myofiber seen with remnants of mitochondria and myofilaments in a 
granular matrix. ( • 9000) 

Fig. 5. Margin of myofiber with an indented nucleus. Parts of the nuclear envelope are ill- 
defined; nearby is a Golgi apparatus (G). The sarcoplasm is partly separated from the lnyo- 
filaments by a cleft (C). The Z lines (Z) are thick, distorted and "streaming" with occasional 

deposition of electron dense material. (• 25000) 



Ultrastructure of Muscle in Stiff-Man Syndrome 211 

Fig. 6. Muscle fiber with central elongated, tortuous myonucleus. ( • 2 500) 

Fig. 7, Muscle fiber showing filamentous body (Fb) and large vacuoles (V). Myonucleus (N), 
sarcolemma (S) and large amount of glycogen can be seen. ( • 30000) 

Fig. 8. Two lipid bodies located near sarcolemma. (• 

Fig. 9. Appearance of pyramidal body. (• 
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red (containing many  mitochondria) appeared much more contracted and con- 
tained more glycogen. Ultrastructural changes oecured focally and were easily 
found on every grid examined. The myofilaments showed areas of disorganization 
and frank degeneration, usually near the sarcolemma (Figs. 3, 4). There was fre- 
quent "s t reaming" ,  thickening and zigzaging of the Z lines with deposition of 
electron-dense material in some sarcomeres (Fig. 5). The sarcoplasmic reticulum 
could not be visualized well, but the triads were quite prominent and appeared 
unchanged (Fig. 2). The mitochondria were inconspicuous and both small dark 
and pale dilated forms could be seen. The myonuclei were very striking. They 
were often very long, snakelike and tortuous with abundant  dark marginal 
chromatin and one or more nucleoli. Central myonuelei, sometimes multiple and 
arranged in a row were found (Fig. 14). The perinuclear sarcoplasm was rich in 
ribosomes and glycogen and contained prominent Golgi apparatus,  vesicles, 
vacuoles, lipid bodies, tubular, filamentous and concentric laminar bodies 
(Figs. 5, 7-9). 

In  the interstitial spaces there were capillaries with large perieytes, poorly 
preserved nerves and many  cells with long narrow processes (Figs. 10, 11). There 
were also many  collagen fibrils and folded congregations of basement membrane- 
like material  (Fig. 11). Definite satellite cells were frequent (Fig. 10). 

M yoneural Junctions 

Motor end plates were found in several tissue sections, Changes of similar 
nature but  of varying degree were observed in most of them and consisted mainly 
of proliferation and hyper t rophy (Figs. 12-17). The junctional sarcoplasm was 
abundant  and contained one or more nuclei, as well as granular and vesicular 
material, but no other formed organelles. The pr imary synaptic clefts (gutters) 
were deep and often multiple, arranged one next  to another along the myofiber. 
Papillary projections and overhanging folds occurred (Figs. 14, 15). The secondary 
clefts and folds were overabundant,  complex and narrow. On the inner aspect of 
the postsynaptic membranes,  electron dense material often accumulated; within 
the fold, basement membranelike material could be discerned (Figs. 13, 16). In  
the deeper layers and at the margins of the pr imary gutters the secondary folds 
were often disorganized. In  several sections the sarcoplasm adjacent to the 
myonuclei (even when these were centrally placed) was especially rich in granular 
material and contained structures definitely resembling secondary synaptic folds 

Fig. 10. Edges of two muscle cells showing details of interstitial space which contains two 
oblong cells with long narrow processes (P). A satellite cell nucleus is seen intimately related 
"~o the lower myofiber. Near it is seen undulating sarcolemma. The upper fiber has complicated 
indented and oblong nuclei (N). On left is seen junctional sarcoplasm near a motor end plate 
containing granular material and structures resembling secondary synaptic folds (arrow). 

( • 5 ooo) 
]Fig. 11. Edge of myofiber with nearby long cytoplasmic cell processes containing intracellular 
tabular structures (arrow). Also indicated are laminated basement membranelike material 

(Bin), and ill-defined Z line (Z). (• 
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Figs. 10 and 11 



Fig. 12. Motor end plate of muscle fiber. The primary synaptic cleft at upper right contains 
a poorly preserved terminal axon with synaptie vesicles. The secondary synaptic folds are 
abundant,  narrow and branching. The junctional sareoplasm eontains granular material and 
lacks mitoehondria. Underlying myofibers show degenerative (or regenerative) changes. 

( • 7000) 

Fig. 13. Enlargement of lower right-hand par~ of Fig. 12. Structures resembling secondary 
synaptic folds are abundant  within the granular sareoplasm. Part  of a myofibril is seen at the 

lower left. ( • 35000) 



Fig. 14~. Muscle fiber showing three nuclei with prominent nuelcoli. The perinuelear and 
subsareolemmal sareoplasm is granular and contains structures resembling secondary synaptic 
folds (arrows, enlargement of area near left arrow is seen in Fig. 16). The sareolemma is thrown 
into irregular folds. Atrophic (A) and hypertrophic (H) primary gutters appear. A degenerat- 

ing structure of uncertain origin (perhaps a nerve or a muscle spindle ?) is seen in the 
interstitial tissue. ( • 3 600) 

Fig. 15. Enlargement of area (H) in Fig. 14 showing hypertrophied motor end plate with 
overhanging papillary-like projections consisting of secondary synaptie folds. Only ill-defined 

materiMs is found in the primary groove. ( • 10000) 
Fig. 16. Enlargement of area near left hand arrow of Fig. 14 showing branching structures 

resembling secondary synaptic folds. (•  30000) 
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Fig. 17. 1-Iyperl,rophied myoneural  junction. A nerve terminal  is discerned in the pr imary 
cleft. Preservation is poor and  mi~oehondria (m) are ballooned. Numerous small synaptie 
vesicles (SV) and perhaps tubular  structures (T) are seen. The Schwann cell cytoplasm 

(SCC) is ill-defined. ( • 21000) 



Fig. 18. Muscle fixed in Potassium pyroantimonate and osmium mixture. There is a normal 
distribution of calcium, the precipitate concentrating on the N line of the I bands (N) and in 
the Lateral sacs. A large amount of glycogen is present in the interfibrillary fibrillary 

spaces. ( • 15000) 
Fig. 19. Muscle fixed as above. The calcium precipitate is scanty but  obvious as a linear 
accumulation across the thin filaments and is the lateral sacs (arrows) (glycogen granules 
are larger and less electron dense). ( •  30000). Insert  shows higher magnification of triad. 

( • 60 000) 

15 u Arch. A Path. Anat. and I-Iistol., Vol. 862 
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:Fig. 20. NormM muscle from a control case, fixed with pyroantimonate and osmium, un- 
stained. There is abundant precipitate in the contracted sarcomeres, mainly near the Z lines 
(N) and in the lateral sacs (LS) of the triads (T). Glycogen granules (G) are larger and paler 

than the calcium antimonatc deposits, m mitochondria. (• 26000), (• 80000) 

(Figs. 14, 16). Underlying and neighboring myofibrils were normal or showed 
some disorganization and degeneration. Terminal axons were seen within the 
primary gutters, covered on one side by a Sehwann cell (Fig. 17). The state of 
preservation of the nerve endings was not good. The mitoehondria were ballooned 
and structureless cysts occurred. The synaptic vesicles appeared small and numer- 
ous, and often arranged in clumps. The plasma membranes of axons and Schwann 
cells were ill-defined and often missing. The part of the muscle which was fixed 
in the pyroantimonate and osmium mixture showed no Ca localisation which 
differed significantly from the normal controls. 

A fine precipitate accumulated along the N lines of the thin filaments and in 
the lateral sacs of the triads, as well as in the nuclei and the interfibrillary spaces 
(Figs. 18-20) [18]. In most areas but especially in the lateral sacs, the deposits 
appeared to be less abundant than in the 2 normM controls. The myoneural 
junctions were poorly visualized with thee pyroantimonate method. 

Discussion 

This report reveals hitherto unsuspected ultrastructurM pathology of muscle, 
motor end plates, and terminM nerves in a case of stiff-man syndrome. Although 
the clinical criteria for including this case in the syndrome have been met, the 
patient's history is complicated with an associated serious illness and the many 
.drugs used in therapy. The role played by all these factors in the muscle pathology 
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is not certain. Although the morphological changes appear to be especially 
severe at the neuromuscular junctions, these do not offer a clear explanation of 
the etiology and pathogenesis of the syndrome. Indeed, it is becoming more and 
more evident that  definite structure-function-injury correlations are impossible 
to demonstrate in many muscle diseases. The problem of primary myogenic or 
primary neurogenic injury is complex; traditional concepts are being challenged 
and many primary myopathies are now thought to have a neural basis [5]. 
Examination of tissues in neurogenie diseases and in experiments with denerva- 
tion as a rule show severe morphological, as well as physiological changes in 
muscles. Degenerative and regenerative processes occur together and the responses 
of the two muscle fiber types may differ [5, 8, 9, 12, 16]. Muscle pathology is 
thus rarely clear-cut or specific, and many similar changes have been described in 
different diseases. 

In this case, many features of injury to muscle were found. There were 
changes in the myolilaments, such as frank atrophy, Z line abnormalities, accu- 
mulation of electron-dense filamentous and amorphous material. The nuclei 
showed elongation, tortuosity, changes in position and number. There were 
excessive ribosomes, glycogen, lipid, degenerative bodies, and amorphous material 
in the sareoplasm and, finally, the number of interstitial cells associated with 
the sarcolemma was high. However, the motor end plate pathology appears to 
be most important and is perhaps directly related to the clinical manifestations 
of the syndrome. 

There are few reports of nltrastructural pathology in human neuromuscular 
junctions. Normal motor end plates vary according to myofiber type, being 
shallow and sparse in red fibers, long and branching in white ones [3, 10, 14]. 
In diseased states the diversity of structure may become obliterated so that  only 
an experienced observer can diagnose morphological abnormality. Several 
reports describe junctional pathology. In myasthenia gravis there is a decrease 
in number, size and depth of primary synaptic clefts, while the secondary folds 
are wide, short and few [2, 14]. In tetanus, which clinically resembles the stiff-man 
syndrome, no pathology is found in the neuromuscular junctions [1, 19]. On the 
other hand, ultrastructural changes resembling those observed here have been 
noted after t reatment with eholinesterase inhibitors [4, 14], in muscular dystrophy, 
polymyositis [16] and in the myasthenie syndrome [15]. The latter is a condition, 
sometimes associated with bronchogenic carcinoma, which resembles myasthenia 
gravis. However, its subcellular pathology shows motor end plate proliferation 
and hypertrophy. 

Histometric methods [14, 15] have been used to demonstrate more definitely 
the neuromuscular junction aberrations. These methods produce quantitative 
ratios of pre- and post-synaptic areas of contact, but  fail to explain the patho- 
physiological processes involved in the various motor end plate diseases. In our 
case, as in the myasthenia syndrome, the ratio of pre to post-synaptic membrane 
appeared very high. 

Neurotransmitter substances and their quantal release mechanism are inti- 
mately related to synaptie vesicles. However, the multiple factors connected 
with their release, inactivation, and reuptake contribute to the difficulty in 
understanding the exact mechanisms involved and in demonstrating structure- 

15" 
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funct ion  relat ions.  Studies  of myogenesis  and  pa thophys io logy  demons t r a t e  t h a t  
neu ro t r ansmi t t e r s  also ac t  as induct ive  agents  on the  pos t  synap t i c  regions [ i f ,  
13, 14]. I t  migh t  be possible t h a t  the  pro l i fe ra t ive  mo to r  end-p la te  changes 
observed are  caused b y  excessive acety lehol ine  release due to increased descending 
impulses  or to i m p a i r m e n t  of inh ib i to ry  pa thways .  

I n  general ,  muscle c ramps  and  stiffness m a y  be due to several  factors.  These 
include excessive descending fae i l i tory  impulses  exci t ing a lpha  and  g a m m a  m o t o r  
neurons,  loss of inh ib i to ry  funct ion,  ove rac t i v i t y  of nerves along all the i r  ex tent ,  
abnormal i t i es  of the  muscle fiber pos t synap t i e  m e m b r a n e  and  f inal ly  mal func t ion  
of the  in t race l lu la r  con t rac t ion- re laxa t ion  coupling appara tus .  I n  this  last ,  the  
role of in t rueel lu lar  calcium is most  impor t an t .  A his toehemical  examina t ion  of 
i ts concent ra t ion  sites as compared  wi th  no rma l  controls  could perhaps  cont r ibu te  
towards  d i f ferent ia t ing  between pa r t i cu l a r  mechanisms  involved in causing muscle 
stiffness and  cramps.  

The use of the  p y r o a n t i m o n a t e  technique  suggests  t h a t  there  is less calcium 
in sick muscle  t han  in normal  controls,  especial ly  in the  la te ra l  sues; this  m a y  
po in t  to an  insufficient  calcium seques t ra t ing  sys tem which could theore t i ca l ly  
resul t  in i nadequa te  muscle re laxat ion ,  causing cramps  and stiffness. However ,  
the  unp red i c t ab i l i t y  of f ixa t ive  pene t r a t i on  as well as the  uncer ta in  effects of 
p r e p a r a t o r y  procedures  st i l l  make  the  p y r o a n t i m o n a t e  me thod  too  var iab le  for 
even semiquan t i t a t i ve  es t imates  of calcium concentra t ions .  I n  conclusion, since 
in the  case here descr ibed the  effects on the  neuromuscu la r  junc t ions  of the  asso- 
c ia ted  illness and drugs t a k e n  remain  unknown,  the  u l t r a s t rue tu r a l  changes 
observed can only  al low specula t ion  as to the  possible pathogenes is  of s t i f f -man 
syndrome.  

We would like to thank 13. Golek for the editorial help. 
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