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INTRODUCTION AND REVIEW

Attention was first drawn to muscular weakness as a symptom
of thyrotoxicosis by Graves (1935) end Basedow (1840). However,
it was not until 1885 that Du Cazal presented a patient with the
simultaneous onset of thyrotoxicosis and severe muscle atrophy
(Sattler 1952), Ten years later, in 1895, Burthurst described
"A case of Graves' Disease Associated with Idiopathic Muscular
Atrophy", which eoncerned a man aged 20 who complained of diffi-
oulty in walking and of generalised muscular weakness for 1.4
months, He had the typical features of thyrotoxicosis, with
exophthalmos and moderate enlargement of the thyroid gland, but
in addition he had wasting and weakness of the deltoid muscles,
biceps brachii, thenar eminences and the gluteal muscles and there
wes weakness of the serratus anterior, One of the most character-
istic features of his weakness was that he was unable to raise
himself from the lying or kneeling positions without using his
arms,

Since Du Cazal wrote the first report 73 further cases of
definite marked muscular atrophy in hyperthyroidism have been
recorded in the literature (for references see Table 1) and the
condition was first referred to by lacKenzie (1940) as "chroniec
thyrotoxie myopathy".

Since 1894, when Miller reported 4 thyrotoxic patients with
nasal speech and dysphagia and one petient with hallucinations,
many different types of neuro-muscular disorder associeted with
hyperthyroidism have been described., These have been classified

by Logothetis in a recent review article (1961) and are presented
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here in & slightly modif'ied form:

A, lMyopathies resulting frem hyperthyroidism
1. Acute thyrotoxic myopathy
2. Chronic thyrotoxic myopathy
3. Endoerine ophthalmoplegia

B, Myopathies sometimes associated with hyperthyroidism
1. Yyasthenia Gravis
2, Periodic Paralysis

C. DNeurological manifestations in thyrotoxicosis
1. Acute thyrotoxie "encephalomyopathy"
2. Optic nerve lesions and retinopathy
3. Thyrotoxic erisis and coma
L. TUpper motor neurone syndromes

5. Thyrotoxic electrocortical dysrhythmie and
seizures

6., Thyrotoxic tremor and chorea
7. Parkinsonism in thyrotoxicosis
D, Psychiatric manifestations in hyperthyroidism
This discussion will be confined to the various muscular com-

plications which are associated with thyrotoxicosis,
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Acute otoxic Myopathy and Encephalomyopat

These two are being considered together because many authors
deseribe the same c¢linical findings under either heading, The
first papers in the English literature on the acute paresis of
thyrotoxicosis were by Laurent (1944), Waldenstrvm (1945), Sheldon
and Walker (1946) and Strong (1949). However, Weldenstrim, in
eddition to describing his own 10 cases, quoted a large number of
patients with similar features which had been culled mainly from
the German literature of the previous 50 years, The eclinical
pieture was of the sudden onset of bulbar palsy in e patient who
may have had antecedent thyrotoxic symptoms for several months or
even years., In many of the cases cited by Waldenstrom (1945)
there was severe diarrhoea and vomiting and also clear evidence of
thyrotoxic erisis and coma, and this latter association has been
described in subsequent case reports (Chapman and Meloof 1956,
Gimlette 1959, Heinrich, McCabe, Nicely and Elder 1962). FEight
out of 10 of Waldenstrdm's patients had atrial fibrillation,

Other fleatures which have been noted are aching in the limbs and
parsesthesiae (Gimlette 1959). In most of the articles which
have been written since 1945 the authors have indicated that there
waes generalised muscle weakness in addition to the ptosis, diffi-
culty with speech, dysphagia and the nasal regurgitation of fluids,
though ophthalmoplegia does not seem to have been a prominent
feature, The tendon reflexes were varisble, being reported as
brisk or totally absent, and in one case there was evidence of an
upper motor neurone lesion (Heinrich et al. 1962), Sanghvi,

Gupta, Banerjee and Bose (1959) described the acute onset of
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paraplegia, hypokalaemia and nephropathy in a thyrotoxic patient
in whom the paralysis showed no response to treatment with
potassium but was completely cured by thyroidectomy.

Fasciculation was seen in Heinrich et al,'s case and
fibrillation was reported in the shoulder muscles of Strong's
(1949) patient, but, since fibrillation consists of the contrac-
tion of individual muscle fibres and is not visible through the
skin (Thomas 1963, p. 315) it is suggested that the spontaneous
activity seen in this patient was possibly fasciculation or even
myokymia (see p. 21 ).

Pathological reports are scanty, but in Weldenstrom's
review an enlarged thymus wes noted on three occasions and
degeneration and haemorrhage into the eranial nerve nuclei in
three cases, /M icroscopic examination of the brain in Chapman and
Maloof''s (1956) second patient revealed slight to moderate swel-
ling of oligodendroglis in the subcortical white matter, Muscle
histology has been commented on three times, Strong (1949) found
only evidence of oedema in biopsies of ocular and temporal muscles,
whereas Gimlette's (1959) first case showed widespread degenera-
tion of muscle fibres with foci of lymphocytes and Sanghvi et al.
(1959) found evidence of fibre degeneration with vacuolisation,
sarcolemmal nuclear prolifieration and loss of striations in swollen
fibres,

Electromyography appears to have been done on only two
occasions and in both patients the pattern was that of a myopathy

(Gimlette 1959).
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A fatel outcome was almost the rule in the earlier cases,
but Weldenstrim (1945) was asble to obtain a full remission of
symptoms using iodine followed by partial thyroidectomy. ILater,
with the development of effective entithyroid drugs and radio-
active iodine, complete recovery has been obtained with medical
trestment (Strong 1949, Chepman and Maloof 1956, Gimlette 1959,
Heinrich et sl, 1962), thus tending to disprove Waldenstrim's
(1945) theory that the condition was caused by a lack of iodine,

The objection has been reaised by Milliken and Haines (1953)
that many of the earlier cases described in the literature may
have been myasthemia gravis coincident with thyrotoxicosis, but
is difficult to prove or disprove their contention, However,
neostigmine gave drametic relief from the bulbar symptoms in three

of the more recent cases (Laurent 1944, Sheldon end Walker 1946).
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Chronie Thyrotoxie Myopathy

Clinical Features, Seventythree cases of chronic thyrotoxic

myopathy heve been reported in the literature (see Table 1).
Velville (1959) doubted whether the term "ehronie" should be
applied since many of the cases had a history of only about 9
months' duration, However, an anslysis of the cases shows that
the mean duration of the myopathy was 11.1 months in men and 16.7
months in women, so the description seems quite justified., The
normal ratio of females to males with thyrotoxicosis is 4:1
(Williems 1962, p. 170), but in the reported cases of chronic
myopathy there were, in fact, more males than females (38:35) and
this suggests that the lesion is more common in men,

There was no significant difference between the two sexes,
so far as age was concerned, nor in the severity of weight loss
or the height of the basal metabolie rate, and the pattern of
muscles aff'ected was much the same in both sexes, TFrom this one
must assume that the longer duration of thyrotoxiec symptoms and
nyopathy in members of the female sex was due to their greater
ability to tolerate ill-fortune,

In 23% of the patients the muscle lesion was so prominent
that thyrotoxic symptoms were not a cause of complaint, In most
of the rest, however, the onset of muscle symptoms was concurrent
with those of hyperthyroidism, Most characteristically patients
had noticed diffieculty in climbing stairs or trying to rise out
of a chair, some could not hold their arms up long enough to comb
their hair, some had had great fatigue while walking along the

level, while a fewer number had no specific musele groups affected,



Analysis of 73 cases of thyrotoxic myopathy reported

TABLE 1

in the literature.

L

linle Female
- Statistical amalyais
fhamber of onses Number of Number of onses Huaber of
with sdequate cases positive | APWEIS | Tli4h sdequete | cases positive | AUIVES | of differsices
data data fenale cases
Musber of patients 38
Hean age 38 494 yro. B 5548 yre.
Age range 20-69 Jo8e 11=70 yra.
Hean duration of 3 1.1 nths, 28 22,5 ntha, 0.05-P>0.025
nyppathy
Hean duration of 28 '1-;3 mthae 50 2’03 mths, 0.025> P> 0. 0125
thyrotoxicosis
Hean welght loss 32 3645 2oge 21 33,2 1ba.
Presence of goitre 35 28 8q¢ 27 26 9.5
Presence of prostosis 37 1% 37.8% 7 13 48.4%
Presence of - n 3 8.8 27 1 3.7 Humbers insuffiocie:
ophthalaoplegia for x © analysis.
‘iean basal 32 + 49 28 + L
metabolic rmte
Clucose tolerunce 15 "11_ ) 73.5¢ 8 8 62.5 o
diminished
Urinary oreatine 17 155,008/ 18 350.0ng./ C.C5>P>0.,28

* 3 diabetio curves with omal jlucose tolersnce test.
3 @iabetic ourves with oml glucose tolemsoe test.



Table 1 continued.

Ay

T T
v Jele Timbe: ___Female | Statistieal analysis
Rauher of sases Number of wit!.lla;:qr;::' Number of i e &
uithd:::quah cases positive Analysis data cases positive Amalysis t-a;o “:“

Urinary ereatinine 7 1009 o4 mge / 7 661.0 mgy/| 0.025>P>0.,0125

excretion 24hr, 24 hr.
Husoles af'fected

Proximal alone 35 13 37.4% 28 15 53 6%

Proximal and distal 35 16 L5.7% 28 9 32.4%

Proximal, distal and 35 5 1457 28 3 10.7%

oranial

Proximal and oranial 35 2.9% 28 1 3.6%

Cases with bulbar 38 8 24.4% 35 b 11.4% x2 = 0,62
invelvement 0650 P>0.40

Cases with antecedent 38 I 10.5% 35 0 o7
upper respiratory
tragt infestion.

Cases with fasciou- 36 15 K %) i 3.2% x 2 = 8.8
lation or 0,05> P >0,001
fibrillation.

Improvement in strength 17 L 23.5% 12 1 8.3%
with neostigmine.

Cases with faseiou- 9 L L U 1 1 100%
lation who improved
with neostigmine.

Cases with faseiou- 9 5 55 .58 1 o o%

lation who did not
improve with
neostigmine,

Bathurst (1895), Ayer, Means and Lerman (1934), Starling and Brain (1938), Derke, Hunt and Brain (1938), Parsons and Twert (1939),
MaoKenzie (1940), del Castillo, de la Balze and Caul (1940), Morgen and Williams (1940), MoEachern and Ross (1942), Froment, Jeune
end Duverne (1942), Bertels and Pizer (i944), Thorn and Eder (1946), Froment, Gallavardin and Devie (1946), Devio, Frement, Guinet

and Devie (1947), Sandersen and Adsy (1949), Quinn and Worcester (1951), Zierler (1951), Sanderson and Adey (1952), Millikan and

® One oase of fascioulation not included because of old peliemyeolitis in affeoted limbs,

Haines (1953), Kite, MolLintook and Graves (1954), Saores, Lauseeker and Isch (1955), Hoffenburg and Eales (1956), Collings and

Lienhard (1957), Bostrem and Hed

and Hudson (1961) and Havard (1962).

(1958), Hed, Kirstein and Lundmark (1958), Melwille (1959), Ellis and Carey (1961), Whitfield
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but complained of a generalised weakness, Severe paresis affect-
ing all muscle groups was precipitated in one patient (Collings
and Lienhard 1957) by a glucose tolerance test and was relieved by
the administration of potassium chloride, In the 73 patients
movements least affected were those of the hand. Only two
patients spontanecusly complained of weakness of tlhe hands, Five
patients out of the total had indeed no complaints at all which
were related to the muscles,

Four of the men had had upper respiratory tract infeotions

before the onset of severe muscular weakmess (Ayer et al, 1934,

MacKenzie 1940, Morgan and Williams 1940) and two patients had had
thirst end polyuria (McEezchern and Ross 1942, Zierler 1951). It
is interesting to note that Zierler's patient had a daily urinary
output of 4=-5 litres and a serum potessium of 2,0 mBg/litre
suggesting that the hypokalaemia may have caused renal tubular
damage., Additional features preceding and accompanying muscle
weakness were diarrhoea in 10,9% of the patients (del Castillo
et _al, 1940, Morgan and Williams 1940, MacKenzie 1940, Devic gt al.
1947, Zierler 1951, Sacresz et al, 1955, Ellis and Carey 1961,
Whitfield and Hudson 1961), and vomiting in two cases. Two
patients described by Sanderson and Adey (1952) and by Millikan
and Haines (1953) had had craups in their legs, while Hoffenburg
and Eales (1956) described a man with pain and stiffness in his
muscles and contractures, and muscular aching was noted by
Whitfield end Hudson (1961).

There was proximal involvement of muscle in all the cases

deseribed in the literature., In L4% these were the only ones
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affected by the myopathy, in a further LOZ there was evidence of
distal involvement and in the remeining 16% weakness of bulbar
muscles also occurrcd.and there was no significent difference in
its ineidence between the two sexes, Difficulty in speaking was
the most common symptom and consisted of dysphonia, hoargeness,
weekness of speech or an alteration in the quality of the voice.
Dysphagia was the second commonest sign of bulbar involvement and
the nasel regurgitation of fluids oceurred in ome patient.

44,7% of the men were noted to have spontaneous muscle move-
ments, compared with only 3.2% of the women, Although the move-
ments were veriously described by the authors as fasciculation or
fibrillation, the latter are unlikely to have been seen, as was
explained earlier.Harnen and Richardson (1954) eonsidered that in
many of these patients the muscle twitching was in fact myokymia,
That the twitching was myogenic and not neurogenic was suggested
by McEachern end Ross (1942) who blocked the nerve to the affected
muscle with novocaine and observed its continuance, Millikan and
Haines (1953) reported a normel innervation in one of their
patients who had muscle twitching, [Nearly one-sixth of those in
whom neostigmine or edrophonium was tried derived some increase in
muscle strength and half of those who had fasciculations developed
greater strength following their administration, Both Kite et al,
(1954) end McFachen end Ross (1942) linked the fasciculations with
the improvement in power following neostigmine and postulated that
the fasciculations were due to an undue sensitivity of the motor

end plate in a state of abnormal metabolism,
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Tendon reflexes were mostly normal, As nearly an equal
number were hyperactive as were diminished and a small number
were absent, Devic et al. (1947) described two cases in which
there were, in addition to muscle wasting and weakness, extensor
plantar responses and pareplegia, One died the day after opera~-
tion, the other recovered fully following thyroidectony,

73.3% of the men and 62,5% of the women had evidence of
impeired tolerance to glucose. Two of these patients were knowm
diabetics and it is probasble that most of the rest had "thyroid
diabetes", with & return to the normal state after remission of
their thyrotoxicosis. The high incidence of impaired glucose
tolerance is probably en indication of the severity of the thyro-
toxicosis in these patients,

Rather more men than women had ophthelmoplegia (8,1%:3.7%),
but the numbers are too small for statistical analysis, Part of
any difference could perhaps be accounted for by the greater
incidence of nodular goitre (Plummer's Diseese) in the women (4
cases), which charscteristically is not accompanied by ophthalmo-

plegia, as compared with the men (1 case).

INVEST IGAT IONS
Biochemistry. Apart from the constantly raised basal

metabolic rate, protein bound iodine or 1*°? uptake, there have
been no econstant biochemical features in the reported cases,

Five patients had slightly raised serum calcium levels and two had
hypocalcaemia, but the vast majority were quite normsl, A serum
potassium of 2,0 mFg/1 was reported in one patient, Five patients
(2 with testicular atrophy) on whom urinary 17 ketosteroid estima-
tions were carried out gave values at the lower limit of normal
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(Thorn and Eder 1946), apert from one man whose output was only
2.7 mg./24 hours, Sanderson and Adey (1952) reported a Robinson-
Power-Kepler test which was positive on two occasions and returned
to normel af'ter treatment of the thyrotoxicosis and one of Thorn
and Eder's (1940) cases was found to have atrophy of the zona
glomerulosa of the adrenal cortex at postmortem, Senderson and
Adey found evidence of impaired adrenal function in one of their
patients and suggested that the cause was subnormal production of
adrenocorticotropic hormone = (1952) ~° , whereas Daughaday and
Farr (1951) postulated a primary defect of adrenal responsiveness

in thyrotoxicosis,

Creatine and Creatinine Excretion. Creatine exeretion in
normael adult men is usually almost absent and in adult women the
upper limit of normal is 50 mg./24 hours (Documenta Geigy 1962).
The normal range of creatinine excretion for normal adults is
1,071=3.219 g/2, hours with a mean of 2,145 g/2k hours (Docmenta
Geigy 1962).

Table 1 shows that in the 73 cases of chronic thyrotoxie
myopathy reported the mean creatine excretion in men was 154,0
ng./2; hours, whereas it was 340,0 mg.,/24 hours in women,
Statistical analysis reveals this difference as being significant,
The figures for creatinine excretion were 1,009 g/2L hours for
males and 0,661 g/2 hours for females, the differences not being
statisticelly significant, Two of each sex had no creatinuria,
These were the cases of Zierler (1951) and Sanderson and Adey
(1952). Pipberger and his colleagues (1955) also reported absence

of creatinuria in 5 out of 13 thyrotoxic patients, and so it would
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gppear that the patterm of excretion of creatine and oreatinine in
hyperthyroidism is extremely variable, It seems likely that the
creatinuria and the low excretion of oreatinine are partly due to
decreased muscle mass, and thus impaired storage of creatine which
is manufactured by the liver and kidneys, and partly to impaired
utilizetion of creatine by the muscles (Wilkins and Fleischmann
1946), This is bornme out elinically by the demonstration of
impaired oreatine tolerance in thyrotoxic patients (Thorn and Eder

1946).

Electrocardiography., Apart from atrial fibrillation, the
electrocardiogram rarely showed any unusual features, However,
on three occasions inversion of the T wave was noted and Morgan
and Williams (1940) deseribed "slight myocardial damage" in one of

their patients,

Electromyography., Electromyographic investigation of
chronic thyrotoxic myopathy has been carried out in only a small

nunber of patients, The most characteristic finding has been a
reduction in duration and voltage of motor unit potentials
(Sanderson and Adey 1949, 1952, Sacrez et _al, 1955), a large number
of which were disintergrated in appearance (Hed et al, 1958,
Whitfield and Hudson 1962, Havard 1962) and there has been one
report of the presence of fibrillation (Hed et sl. 1958).

Milliken and Heines (1953), on the other hand, reported that there
was no abnormality in the electromyogrem (E,M,G,) of any of their

four patients on whom it was carried out.
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A few other descriptions of the E.M.G, in thyrotoxicosis
have appeared in the last 15 years. Garcia Austt, Torrents and
Mussio-Fournier (1949), working in Montevideo, could find no
features which distinguished the E,1,G, of hyperthyroid patients
from normal, but they did note that the frequency was lower in
52% of 17 thyrotoxics than in 50 normals at the onset of the con-
traction of quadriceps sgainst a load of 3 Kg. They found that
with successful treatment of the thyrotoxicosis the frequeney
increased and the tracing went back towards normal or became com-
pletely normal, They also said that there was some correlation
between the initial frequency of the E,M,G, and the height of the
B.M,R,, Gimlette (1959), on the other hand, found a high frequency
of the action potentials on volition, and discovered that a
majority of the thyrotoxic patients he tested had the "myopathie
pattern" described by Bauwens (1955). Evidence of myopathy, con-
sisting of a shortening of the duration of action potentials, a
reduotion in voltage and an increase in polyphasicity, was found
by Pipberger, Kalin and Wegmann (1955) in 12 out of 13 thyrotoxic
patients, Some electromyograms were carried out on several
muscles and an analysis of the results showed a clear preference
for the proximal muscles of the limbs as compared with the distal.
One of the patients was found to have fibrillation potentials on
E. MG,

These findings are typical of myopathy, no matter what the
cause (Kugelberg 1947), 1949, Buchthal and Pinelli 1953, Pinelli
and Buchthal 1953, Eaton and Lambert 1957). The presence of
fibrillation in the patients of Pipberger ot al. (1955) and Hed
et al,(1958) does not necessarily indicate denervation (Guy et al.
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1950, Eaton and Lambert 1957) and it has been shown by Adrian and
Gelfan (1933) that fibrillation can result from ionic differences
across the muscle fibre membrane, Buchthal and Rosenfalck (1963)
reported finding fibrillation potentials in half the muscles of
patients with muscular dystrophy, a eondition in which the muscles
are known to contain a low concentration of potassium (Blahd,
Bauer, Libby and Rose 1953, Horvath, Berg, Cummings and Shy 1955)
but in which the serum content of that ion is quite normal.
Recently workers in Japan have discovered a signifiecant reduction
in the intracellular content of potassium in musele obtained by
biopsy from thyrotoxiec patients, with a concomitant rise in the
sodium concentretion, (Satoyoshi, Murakami, Kowa, Kinoshita,

Noguchi, Hoshina, Nishiyama and Ito 1963).

Pathology. Askanazy wrote the first description of the
muscle lesion of thyrotoxicosis in 1889, He noticed infiltration
of fat cells between muscle fibres, atrophy of muscle fibres with
a decrease in their diameter, proliferation and ¢lumping of muscle
nuclei, loss of striation and vacuolisation, Cardiac and smooth
muscle showed no abnormelity. Since 1898 e few further reports
have appeared, Many described much the same findings as Askanazy
(Dudgeon and Urquhart 1926, Morgan and Williams 1940, Bartels and
Pizer 1944, Quinn and Worcester 1951, Bostrdm and Hed 1958, Havard
1962), but in addition aggregations of lymphocytes have been noted
in 5 articles (Dudgeon and Urquhart 1926, Liechti 1938, Thorn and
Eder 1946, Hed et a1, 1958, Whitfield and Hudson 1961), FEppinger
(1937) found cepillary thickening and pericepillary oedema,

Devic et al, (1947) described an alteration of the mitochrondriea
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in the region of the motor and plates and demyelinisation and
vacuolisation of minor nerves was seen in one of Hed et al.'s
(1958) patients, CBers and Woolf, using an intravital staining
technique, also found changes in the terminal nerve fibres, mainly
profuse distal sprouting, often with the formation of multiple end
plates on single muscle fibres,

Hed et al. (1958) noticed the presence in the muscle tissue
of iron loaded phagocytes, The presence of subsarcolemmal semi-
lumar accumulations of metachromatic substance observed by Asboe-
Hansen, Iversen and Wichmann (1953) in thyrotoxies, but most
markedly in those with progressive exophthalmos, has not yet been
confirmed, The reason for this may be that the phenomenon was
only visible in muscles fixed in basic lead acetate which precipi-
tated acid mucopolyseccharides, and was not found in tissue fixed
in aqueous media, such as formalin (Iversen, Asboe-Hansen and
Cerlsen 1953).

However, there have been several reports of biopsies carried
out on patients with thyrotoxicosis which have shown no abnormality
(Morgen end Williams 1940, Sanderson end Adey 1949, Millikan and
Haeines 1953, Kite et al., 1954, Collings and Lienhard 1957, Adems
et _al, 1962).

FPrognosis., Some of the early cases died of respiratory
paralysis, but virtually all of the others made a full recovery
from their myopathy, largely due, no doubt, to the more effective
modern forms of treatment for hyperthyroidism, The rapidity of
the recovery of muscle power has sometimes been remarkable,

Peyeelon (1946) deseribed a patient who 3 days after thyroidectomy
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was able to 1ift both legs off the bed and hold them vertically,
& thing which had been quite impossible before the operation,
Ellis and Carey (1961) hed a patient whose strength was returning
af'ter two weeks' treatment with propylthiouracil and most other
authors noted a return to normality over the course of several

months, once treatment had been initiated,

END PLEG

This condition, which is only indirectly related to the
thyroid glend, as it may ocour in hypothyroidism, Cushing's syn~
drome or in apparently euthyreid individuals, is characterised by
progressive exophthalmos, ocedema of the lids and conjunetivas,
weakness of the extraocular muscles, usually thoss serving eleva-
tion, convergence and lateral movement, and ococasionally papil-
loedema and cormeal ulceration, There seems to be little conneo-
tion between endoorine opthalmoplegia and the other muscle syn-
dromes of hyperthyroidism, both on olinicel and experimental grounds,
It has been pointed out that severe involvement of the eye occurs
more frequently following successful treatment of the thyrotoxi-
cosis than during the course of the disease itself and it some-
times arises in a patient suffering from hypothyroidism (Asboe-
Hansen gt al, 1952, Brain 1959).

Fhysiologists have shown that the administration of thyroid
extract or thyroxine to experimentel animals 4id not, by and large,
produce exophthalmos, but that the latter could be initiated by the
edministretion of enterior pituitery extracts, especially when the
snimals hed had a previous thyroidectomy carried out (Brain 1959).



Asboe-Hansen et al. (1952, 1953) measured the serum level of
thyrotropin and found it to be significantly raised in 9 out of 10
patients with progressive exophthalmos, More recently Kinderen,
Houtstralanz and Schwarz (1960) and Dobyns, Wright and Wilson
(1961) isolated a substance which they called the "exophthalmos
producing substance", It was believed to be an entity quite
separate from that of thyrotropin and there seemed to be a good
correlation between the presence or absence of exophthalmos and the
presence or absence of the substance in the serum of thyrotoxie
patients. The fact that the eye eondition often regresses con-
siderably following pituitary stalk seetion or hypophysectomy
(MeCullagh, Clamen and Gardner 1957) provided confirmatory evidence
as to the pituitary origin of endocrine op hthalmoplegia.

Pathological changes have been deseribed by several authors,
both in the extrinsic muscles of the eye and in the skeletal
muscles, Askanasy (1898) found similar changes in both sites,
Dudgeon and Urquhart (1926) observed lymphorrhages, sometimes peri-
vascular, proliferation of interstitial cells and atrophy of muscle
fibres in the extrinsic eye muscles, where the changes were most
merked, in the deltoid and the biceps, and in the myocardium, where
they occurred less frequently., Dudgeon and Urquhart drew atten-
tion to the similarity between these findings and those of myas-
thenia gravis (Buszard 1905), They also remarked thaet the thymus
was enlarged in three cut of their eight cases of exophthalmic
goitre, Similar changes were produced in the skeletal muscle of
thyroidectomised guinea-pigs by Paulson (1939) who gave 30 daily
injections of antuitrin T, and the work was confirmed by Dobyns
(1946) who also noted, using special stains, that the muscle fibres
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were loaded with small droplets of fat, There seemed to be e
close correlation between the amount of fat found in the musele
fibres and the degree of weakness produced in the guinea-pig and
it was also notable that the fatty change and weakness occurred
as a relatively acute phenomenon, becoming less marked as the
injections of antritrin T were continued, Dobyns had earlier
pointed out (1945) that thyrotropic hormone had toxie effects on
animals even before there was any effective thyroid response,
Ref'erence has already been made to the presence in patients
with progressive exophthalmos of semi-lunar accumulations of mueo-
polysaccharide under the sarcolemmal covering of the skeletal
muscle fibres (Asboe-Hansen et al. 1952). Two papers by Ludwig,
Boas and Soffer (1950) and by Asboe-Hansen and Iversen (1951) des-
eribed the finding of an accumulation of mucopolysaccharides, in
particular hyaluronie acid, in the orbital tissues, Later
Iversen and Asboe-Hansen (1952) explained the mecheanism of pro-
trusion of the eyeballs as being due to the water-binding action of
the mucopolysaccharides in the orbital tissues, Whether extensive
muscle paralysis can be produced purely secondarily to the retro-
orbital oedema with its resultant exophthalmos, venous occlusion
(Naffziger 1932, Dobyns 1950) and muscle stretehing is not clear,
but it seems likely that there is also some primary muscle lesion
in ophthelmoplegia as it may occur without eny elinically demon=~
strable exophthalmos (Logothetis 1961), In the 73 cases of thyro-
toxic myopethy reported in the literature 5 patients with exoph-
thalumos had abnormal skeletal muscle histology and in two it was
normal., (There was one patient with ophthalumoplegia in each group, )

Of the patients without exophthalmos 14 hed an abnormal muscle
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biopsy and 4 were reported on as being normal., There was no differ -
ence in the histological picture between the patients with exoph~
thalmos and those without,
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THYROTOXICOSIS AND MYASTHENIA GRAVIS

The combination of myasthenia gravis and thyrotoxicosis was
first described by Remak in 1899 (lLogothetis 1961) and since then
it has been reported in more than 50 cases (Adams et al, 1962).

It has been estimated that 1% of thyrotoxics have myasthenia
gravis at some time in the course of their disease (Grob 1963) and
that the incidence of thyrotoxicosis preceding, aceompanying or
following the clinical onset of myasthenia gravis is 5% (Milliken
and Haines 1953), Milliken and Haines found that 80% of the
patients with this combination were women and that the type of
nyasthenie was the same as that found in patients without thyro-
toxicosis, It responded to neostigmine, which, however, had no
effect on any associated endocrine ophthalmoplegia,

Some authors have attempted to find factors which are common
to both conditions. Cohen and King (1932) commented on the hyper-
trophy of lymphatic tissue, the occasional presence of lymphocy-
tosis and the finding of lymphorrhages in muscle tissue. In
addition the presence of atrophy or even necrosis of the muscle
fibres was noted by Russell (1953). An enlarged thymus is found
in half the thyrotoxic patients who come to postmortem examination
(Williams 1962, p. 157) and in recent autopsy studies approximately
one third of the patients with myesthenia gravis had thymomas and a
further quarter had hyperplasia of the thymus (Castleman and
Norris 1949, Rowland, Aranow and Hoefer 1957). Cohen and King
(1932) also compared the not infrequent occurrence of glycosuria
and lowered glucose tolerance in thyrotoxics with the definite

lowering of carbohydrate tolerance in myasthenia gravis,



The relationship of myasthenia gravis and thyrotoxicosis des-
cribed in the literature is ocomplex, Millikan and Haines (1953)
reported that in their cases 48% of the patients developed hyper-
thyroidism before the myasthenia gravis, In 32% the relationship
wes the reverse and in 20% the conditions occurred simultaneously,
Although McEachean and Parnell (1948) described a 'see-saw’
relationship between the diseases, the myasthenia increasing es the
thyrotoxicosis receded and vice-versa, other reports have been
divided unevenly between the protagonists (Thorner 1939, Cohen 1946,
Maclean and Wilson 1954 ) and those who described the opposite turn
of events or no obvious intraction, (Thorn and Tierney 1941,
Kowallis et al, 1942, Flynn 1944, Green 1949, Millikan end Haines
1953, Ossermen end Silver 1961,) Adams et al, (1962, p. 599) take
the view that, whatever the factors are which cause the occurrence
of the two diseases at the same time, the thyrotoxicosis does not
make the myasthenia gravis worse per se, but merely adds on the
weakness of hyperthyroidism to that of the former condition., Thus

the response to neostigmine cannot be expected to be total.

THYROTOXICOSIS AND PERIODIC PARALYSIS
More than 200 cases of concurrent thyrotoxiccsis and periodic
paralysis recorded in the literature have recently been reviewed by
Engel (1961), who found that most cases were of a sporadic rather
than a femilial nature and tended to occur at an - older age (Grob
1963b, p, 167) than in the uncomplicated type of periodic paralysis,
In rather more than 80% of the cases the thyrotoxicosis antedated

or appeared at the same time as the periodic paralysis,



Serum potassium levels have been reported as being low in
some, but not all, patients with the combination of the two
diseases (Talbott 1941, Goldberg and Barnett 1961), lMost cases
remit once the thyrotoxicosis is brought under control, To empha-
size that there is a direct relationship between thyroid over-
activity and the degree of paralysis a man (Hildebrand and Kepler
1941) with a family history of periodic paralysis, and who had
himself suffered minor and infrequent attacks, developed hyper-
thyroidism and immediately the attacks began to get severe and more
frequent, Hildebrand and Kepler and also Ziegler (1949) infused
potassium intravenously into patients in an attack with kmown hypo-

kalaemia, but without producing any response,

MISCELLANEA

Generalised Myokymias in Thyrotoxicosis

This form of muscle twitching has been reported only once in
association with thyrotoxicosis (Harman and Richardson 1954), though
the authors regard the cases reported by Morgan and Williams (1940)
and MoEachean and Ross (1942) as exhibiting myokymia, Possibly
some of the other cases of thyrotoxie myopathy reported as having
fasciculations had in fact myokymia, The myokymia, which may ccecur
in normal pecple, especially under conditions of fatigue, is
observed as coarse muscular twitchings, easily visible through the
skin, The spontaneous activity continues after spinal or high
nerve block, but is stopped by curare end is not inecreased by pros-
tigmine, thus placing the origin somewhere in the peripheral nerve,
Electromyographic studies show that nerve excitability is increased,

but that there is no evidence of a lower motor neurone lesion,
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Musele Rigidity and Spasm with Thyrotoxicosis
Werk, Sholiton and Marnell (1961) presented the case of &

men who exhibited the "stiff' man" syndrome - originally deseribed
by Moersch and Woltman (1956) - and thyrotoxicosis, This middle-
aged man complained of weakness, stiffness in his muscles and
difficulty with swallowing, Investigations conf'irmed hyper-
thyroidism and treatment with radiocactive iodine improved his
stiffness to some extent, but did not abolish it., There was a
large amount of paychological overlay in this patient, and it is
hard to know whether the stiffness represented a true association
with thyrotoxicosis, though in two cases of thyrotoxic myecpathy
desoribed by Sanderson end Adey (1952) and by Millikan and Haines
(1953) muscle cramps were a prominent feature and a patient with

pain and stiffmness in his muscles was reported by Hoffenburg and

Eales (1956)

otonie Dystr
Two cases of thyrotoxicosis ocecurring in patients with

myotonic dystrophy have been noted (Berkman 1935, Leach 1962).

In both cases there wes a marked improvement in strength following
treatment of the hyperthyroidism; in one case ¢cincident bulber
symtoms also disappeared and in the other the degree of myotonia
was lessened, It is not suggested that there is any relationship
between the two conditions other than that of chance, but it seems
likely that both were cases of myotonic dystrophy with superadded

thyrotoxiec myopathy,



AIM OF THE THESIS

This review of the literature has brought out some similari-
ties which occur between the various skeletal muscle conditions
essociated with overasctivity of the thyroid gland, These simi-
larities sre summarised in Table 2 and it can be seen that the
condition of acute thyrotoxic myopethy ("encephalomyopathy™)
resembles very closely that of chronic thyrotoxie myopathy, the
only difference being the more frequent sudden onset of bulbar
synptoms in the former. The muscle histology is almost identiecal,

The resemblance between the acute and chronic forms of
myopathy and both myasthenia gravis and periodiec peralysis is not
quite so striking, but it will be noted that the degeneration of
muscle fibres and vacuolisation within the fibre have been des-
oribed in all four conditions, Also, cases have been reported
in each disease in which there was some upset of potassium mete-
bolism and attention is drawn to the enlargement of the thymus in
both thyrotoxicosis and myasthenia gravis,

Experience in the Metabolie Clinie, Royal Victoria Hospital,
Belfast had suggested that muscle involvement was common in
thyrotoxicosis and it was decided, therefore, to carry out a
detailed investigation of a series of consecutive, unselected
patients presenting at the Netabolic Clinic with proven hyper-
thyroidism in an attempt to discover more about the nature of the
muscle lesion,

It was thought that the most likely explanation for the
occurrence of the various muscular disorders was a constant

derangement of muscle metabolism in thyrotexic patients, This



TABLE?2

Some similarities between the musele lesions associated with thyrotoxicosis

Acute thyrotoxie
Myopathy and Encephalo=
nyopathy

Chronie Thyrotoxie
Hyopathy

¥yasthenia Gravis

Periodic Paralysis

Sometines an aatecedent
upper respiratory tmet
infection.

Upper respiratory tract
infection may be an aetio-

logical agent (Simpson 1960)

Diarrhoes and vomiting

Diarrhoea and voniting

Spontaneous activity
seen in muscles

Spontaneous setivity
seen in muscles

Bulbar involvement usually

Often bulm_ involvement

Usually bulbar paresis

Rarely bulbar paresis

Upper motor neurone lesions
reported

Upper motor neurone lesion
on one ocecasion

Hyp@kalaenia reported

Hypokalaemia
one case precipitated by

33% experienced some
inorease in strength

Hypokalaemia preoipitated
by carbohydrate.

glucose and relieved with following potassium
potassium ohloride. chloride (Grob 1963,
Pe 1“).
Unkmown Glueose toleorance Glucose tolerance
diminished diminished
EM.G. Myopathy R M. G. Myopathy E.M.G. Myopathy EM.Ge = Myopathy during
an attack., (Shy, Wanko,
Rowley and Engel 1961 ).
Husgele pathology Husele pathology Husele pathology Muscle pathology
Degeneration of muscle fibres Degeneration ol musele fibres Atrophy of muscle fibres Degeneration of isolated
musele fibre
Vacuolisation Vacuolisation VYacuoclisation Vacuolisation (Adams
et.al. po 647
Sarcolemmal nueclear Sarcolemmal nuslear Sarcolemmal nuclear ; ’
proliferation proliferation proliferation
Loss of striations Loas of striations Loss of striations
Lysphorrhages Lymphorrhages

Thymie enlargement

Thymic enlargenent

Thynie enlargenment
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would produce weakness, followed later by secondary atrophy of the
muscle fibres and would unmask those people who also had latent
myasthenia gravis or periodic paralysis.

The main criterion for the presence of a myopathy in the
patients studied was the elaotrm-nyosrm. Musecle biopsies were
made in order to assess any histological abnormelities and to try
to relate the muscle fibre population and diameter to the electro-

myographic findings.



METHODS

Patients, Fifty-four consecutive patients presenting at
the Metabolic Clinic, Royal Vietoria Hospital, Belfast, on whom a
diagnosis of thyrotoxicosis was proven, were examined and investi-
gated by the author for involvement of their museles, The investi-
gations carried out were electromyography, muscle biopsy, urinary
oreatine and oreatinine exeretion, serum caleium and potessium, 2-
hour post-prandial blcod glucose and electrocardiography, When-
ever possible the diagnosis of thyrotoxicosis was substantiated by
means of 1* 3! yptake and excretion studies done over 48 hours, but
occasionally 1232 neck uptekes were performed on outpatients living
at a distance, and at times estimations of the basal metaboliec rate
only were made on & few patients who had recently ingested iodine
in one form or another,

If the severity of the thyrotoxicosis warranted it, the
petient was admitted to hospital: otherwise the investigations
were oarried out as an outpatient.

Because of the extreme nervous tension and anxiety in some
petients it was not always possible to do all the investigations
on some individuels, However electromyographic studies were satis-
fectorily completed in 211,

Clinical Examination., A detailed history was taken in order
to estgblish, as accurately as possible, the duration of thyrotoxiec
symptoms end their relationship to the onset of any muscular com-
pleints, |Patients were questioned closely sbout their sbility to
perform movements with all major muscle groups and were asked about

difficulty in carrying out familiar everyday actions such as combing
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the hair, hanging up washing, climbing stairs etec.

As well as a full clinical examination to establish the signs
of thyrotoxicosis and any sssociated pathology, particular attention
was paid to all muscle groups in the body., The muscles were
examined for evidence of atrophy which was graded as none (o), slight
(+), moderate (++) or marked (+++),

A commonly used grading of muscular power is that of the
Medical Research Council (1949), but this was found unsatisfactory
as the severity of the wealkmess in the patients being studied was
confirved to M.R.C, grade 4. A similar elassification to that for
atrophy was therefore used, viz, no loss of power (o), some weakness
against resistence by the examiner's hand (+), moderate weskness
(++) and marked weakness (+++). Since clinical experience in the
earlier part of the survey had suggested that the iliopsoas was
more often affected than the quadriceps group, Lahey's (1926) test
was modified so that the patient lay down in bed and, holding the
knee straight reised the leg to an angle of 45° and maintained it
in this position until able to do so no longer. The test was per-
formed at the initial examination before and af‘ter the intravenous
injection of 10 mg. of edrophonium chloride (Tensilon),

Visible spontaneous muscle activity was searched for with the
patient in e state of complete relaxation,

The thyroid gland was carefully palpated in order to determine
whether the goitre was diffuse or nodular,

Evidence of ophthalmoplegias was looked for and the degree of
proptosis measured with a Keeler exophthalmometer at the initial

and subsequent visits,
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Electromyography. [Electromyography was done at the time of
the first examination and was repeated four months after the

patient had been rendered euthyroid. One proximal muscle was
sampled in each patient and the two muscles chosen were deltoid
and rectus femoris, The triceps wes tested on one patient,
Over a third of the patients also had an electromyogram done on
abductor digiti quinti.

Controls were obtained for each of the muscles tested., The
controls consisted of people of all age groups who were either
completely healthy or had no neuromuscular pathology, primery or
secondary (e,g. diabetes mellitus, Addison's Disease, malignant
neoplasms ete.,).

Care was taken while doing follow up electromyograms on
treated patients to ensure that the area of muscle near the biopsy
site was not sampled.

The examinations were done with a D,I.5,A. three channel
electromyograph. The amplifiers had a frequency range of 2 to
10,000 e,p.s. (Guld 1951) defined by 3 db. discrimination, the
input impedance was 100 megohms shunted with 60 pF (single ended)
and the noise level was less than 1,54V r.m.s. with a shorted
input, Concentric needles, consisting of a platinum lead embedded
in Araldite within a stainless steel cannula, were used., The
area of the platinum surface was 0.07 sq, mm, The tip. of the
needle was cut obliquely at an angle of 15°.  An 0.65 mm, diameter,
42 mm, long needle was used for proximal muscles and an 0,45 mm,
diameter, 30 mm, long needle for distal muscles. The same needles

were used on both the thyrotoxic patients and the controls,



The electrode impedance was kept as low as possible by check-
ing it every two months, If the noise level was greater than 15 uv
peaek to peak the electrode was placed in 0.9% NaCl solution and 6 volts
D.C, was applied for two seconds between the platinum electrode
and the cannule,

The electromyogram was checked regularly for the accuracy on
the cathode rey tubes of the time base and amplitude, This was
done with the built in square-wave calibrator, Ninor adjustuents
were rarely necessary.

The electromyograms were done by using three needle elec-
trodes simultanecusly., Tach needle was inserted at random into
the selected muscle and recordings were taken at minimal effort,
Each needle was then advanced 1 em, in the proximal muscles and at
least 0,5 em, in the abductor digiti quinti and the procedure was
repeated, After the needles had been pushed in for a further 1
em, and recordings had been taken, they were withdrawn and inserted
twice more in other parts of the muscle, with three depths at each
insertion, Thus, in all, 27 different parts of each muscle were
sazpied (Buchthel and Rosenfalek 1955). Intramuscular tempera-
tures were not taken, but the patients were examined in a room kept
at a constant temperature of 22%, sinoce it has been shomn that
cooling inereases the aotion potential duration and also the per-
centage of polyphasic forms (Buchthal and Pinelli 1951).

Recordings were teken at sweep speeds corresponding to 1 m.
sec, per mm, with an amplification such that 1 mm, on the cathode
ray screen was equivalent to 10 pV, The paper speed was 5 om,
per se¢, If the whole potential could not be seen, the amplifi-
cation was increased until it could be, The action potential
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duration was only measured at an amplification of 10 nV/mm, in
order not to miss minor deflections from the base line,

At the end of the sampling procedure a recording was taken
of the pattern of activity at full effort.

The f'ilms were developed and analysed for ection potential
duration and amplitude and the degree of polyphasicity. Each
action potential was identified three times and the duration was
measured from the first to the last deflection from the base line,
The amplitude was measured as the peak to peak deflection
(Buchthal, Guld and Resenfalck 1954), The mean of the three
readings was regarded as the characteristic for that potential,
Any potential with five or more deflections across the base line
was categorized as a polyphasic potential, but it also had to be
identified three times before it was accepted as such, All the
potentials in the record which could be identified three times
were measured and sufficient length of record was taken to ensure
that this included at least 20 different potentials, other than
polyphasics., The mean duration and amplitude for the whole
muscle and the percentage of polyphasic potentials was then cal-
culated, Polyphasic potentials were not inecluded in the calcula-
tions to determine mean action potentisl duration and amplitude
(Buchthal 1957).

The pattern at maximum effort was classified as a normal
interference pattern, mixed patterm or single motor unit poten-
tials, The peak to peak voltage was measured whenever it was
felt that the record represented the meximum contraction of which

the patient was capable.
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Motor nerve conduction velocities, GStudies were carried
out on the ulnar nerve of 12 patients. The 3 recording eleo-
trodes were placed in the abductor digiti quinti and the nerve
was stimulated at the wrist and also above the elbow with the
D,I.8.A, Multistim, The stimulus given was twice the threshold
stimulus for that patient, The latency from the wrist to the
nuscle and the conduction velocity between the elbow and the wrist
wes caleulated for each needle and an average of the three was
then tsaken, Control measurements were done on subjects of all

ages who were either normal or had no neuromuscular disease,

Muscle higpgx. Biopsy was carried out on the proximal
muscle which had been examined electromyographically. The biopsy
was always done on a part of the muscle which had not had elec=-
trodes inserted into it,

Control biopsies were done, usually on patients undergoing
operation for varicose veins or inguinal hernia, Unfortunately
it was rarely possible to obtain tissue from the reotus femoris
or deltoid muscles.

The blopsy wes performed according to the method suggested
by Buchthal, Guld and Rosenfalck (1955). In the patients 2%
xylocaine without edrenaline was used for skin anaesthesia; in
the controls the operation wes elways under general anaesthesia.
A plece of muscle 1.5 cm, x 0.5 em, x 0.5 cm, was removed., The
muscle sample was not touched with instruments or swebs, ligatures
being tied round each end and the muscle tissue being divided
distal to the ligatures, The biopsy specimen was stretched out

on a piece of escrk, pinned at each corner with a wooden sliver
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and placed in 4% neutral formaldehyde at 37°c, These precautions
were taken in order to minimise damage done to muscle tissue and
also to prevent the fibres from going into a state of severe con-
traction, The fixing medium was maintained at 3709. for 24 hours,
then allowed to cool to room temperature,

After fixation the specimen was embedded in paraffin and
sections 5p thick were cut both perpendicular to and in the plane
of the muscle fibres, They were stained with haematoxylin and
eosin and van Gieson, The sections were examined for histological
abnormalities and, on suitable apeéimana, the muscle fibre popula-
tion and mean diameter were measured, Only sections in which
there was a true cross-section of the muscle fibres, that is one
in which the fibres appeared round or polyhedral, were used for
these estimations, The fibre population was measured by counting
all the fibres in 35 squares of a grid incorporated in the micro-
scope eyepiece, The size of this area on celibration was 1,05 sq.
mm, and so the density could be calculated, The fibre dieameter
was measured with a scale, each division of which represented 25,
This was also incorporated in the microscope eyepiece, A hundred
fibres were counted except in a few instances where there were

insufficient fibres which were truly oross-sectional,

Urinary creatine and ereatinine excretion, Twenty-four

hour samples of urine were collected both before treatment and four
months after the patient had become euthyroid, The creatine and
creatinine estimetions were done by the Auto-analyzer standard

method (1962),
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Serum calcium, Serum calcium was measured with the flame

photometer (Fawcett and Wynn 1961).

Serum potessium., Estimations of serum potassium were made
using the Auto-analyser standard method (1961),

Blood glucose. The Auto-analyzer standard method (1960)
was used for blood glucose estimations. The blood samples for
these were taken two hours after a meal containing at least 100 g.

of carbohydrate,
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RESULTS

The Patients, Fifty-four consecutive thyrotoxic patients
were examined, investigated and followed-up during the course of
the survey. Tables 5 and 7 summarise the main features, details
of which can be found in Appendix Tables 1 and 2.

Forty women and 14 men were seen, giving a female to male
sex ratio of 2.,9:1. The mean age of the patients was 47.9 years,
and there was no significant difference between the mean ages of
the male and female patients, |

Fifty per cent of the patients gave a history of some
muscle weakness., The most common symptom was that of difficulty
in going up stairs (15 patients)., A slightly smaller number of
petients (13) complained of weakness of the arms, in particular
the proximal muscles, The women of'ten complained of being unable
to brush or comb their hair without resting, and of excessive
fatigue when putting up curtains or taking things from high
shelves, The men, especially the manual workers, had noticed a
decline in their ability to 1ift or push heavy objects and often
required help in performing tasks which previously they had been
quite capeble of managing alone, There were no complaints of
weakness affecting the bulbar muscles, There was no statistical
difference between the ages of patients with muscular weakness and
those without (Table 3).

79.6% of the patients had noticed the onset of typical
thyrotoxic symptoms as the first feature of their illness: in
3.,7%, weakness had been the presenting feature, In 16,7% of the

patients there was a simultaneous onset of the usual thyrotoxie



TABLE 3

The mein characteristics of the patients, with particular
(See Appendix Table 1)

reference to muscle weakness.

Statistical

Males Females
analysis of
No, of No. of Ho, of No, of Whole differences
patients cases Enalysis | patients cases | Analysis Series between male
positive positive and female
patients
Ko, of 14 L0 54
patients
Mean age 46,8 yrs L4L8,3 yrs 47.9 yrs 0.85P>0.7
Age range 27=64 yrs 15=69 yrs | 15=69 yrs
7 patients 1 8 57.1% 40 19 | 47.57 50.07 Y
with history 0.35>P>0, 30
of weakness
Mean duration 14 8 L,2 L0 19 5.3 5.0 0.6 0,50
of weakness months months months
seen uration 14 6ok 4O 6.7 6.6 0,95 F> 0,90
of thyrotoxiec months months months =
symptoms
Mean weight 14 17.5 1b. 40 17.5 1b 17.5 1b
loss el
Onset of toxic 14 11 78.67 50 32 80,07 79.6
symptoms
first
Onset of weak- 14 0 o% LO 2 5.0% 3.7%
ness first
Simultaneous 14 | 2147 L0 6 15.07 16.77
onset '
Muscles involved
Proximel alone 14 8 57.1% 40 26 65.07 63.07
Proximal and 14 3 1.4 40 7 17.5% 18.5%
distal
None 14 3 21.4% 50 7 17.5% 18,57
Mean age of 14 11 47.1 yr 40 30 50,9 yr 49.9 yr 0.5P> 0.4
pat.ents with
muscular
involvement
Presence of 14 1 7.1% L0 3 7. 5% 2.4

ophthal=-
moplegia
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symptoms with those of musele weakness, In all three groups
there were no differences between males and females,

Of the patients who had had some complaints of weakness
there was, in fact, no difference between the duration of their
thyrotoxic symptoms and that of their weakness (0,2>P»0,1),

The same mean weight loss of 17.5 1lb, occurred in both men
and women and, as Table L4 shows, there was no correlation between

the age of the patient and the amount of weight lost.

Clinical tion

63% of the patients were found to have weakness and/or
wasting of proximal muscles alone, 18,5% had involvement of both
proximal and distal muscles, and the remaining 18,5% had a com-
pletely normal skeletal musculature, Two patients had slight

C alisht) atrophy without any weakness and 12 had weakness without

any sign of wasting. In the other patients with muscle involve-
ment, the wasting and weakness was usually of equal degree,

There was no difference in the mean age of those patients
with muscle involvement compared with those without. Table 5
shows the number of patients in whom each muscle was involved,
and it can be seen that the muscles of the shoulder girdle were
more often affected than those of the pelvie girdle and, in par-
ticular, that extensors were twice as commonly effected as
flexors., Tigs., 12 and 2a show two patients with marked wasting
of the shoulder and pelvic girdles respectively, and these can
be compared with photographs taken four months after becoming

euthyroid (Figs. 1b and 2b),



Table 4

Relationship between the age of
the thyrotoxic patients and the
amount of weight lost.

x 47.9 yrs.

y 17.5 1bs.

b vx 0.011

r 0.032

Degrees of 52
freedom

P > 0.1

Not significant
et P= 0,5




(a)
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(b)

Fig. 1. Case No. 22. DMale aged 38.

(a) Showing marked wasting of shoulder girdle
muscles while thyrotoxie.

(b) Four months after becoming euthyroid.



(b)

Fig. 2. Case No. 15. lMale aged 6L.

(a) Showing wasting of gluteal muscles while
thyrotoxie.

(v) Four months after becoming euthyroid.



Zable o

The frequensy with which the various musclea
were affected by weakness and/or atrophy,

usole petismte
Supraspinatus 33
Triceps 33
Deltoid 30
Infraspinatus 28
Biceps br. 28
Iliopsoas 26
Quadriceps 1

Glutei

Extensors of wrist
Thenar muscles
Serratus anterior
Fectorals
Rypothenar muscles
Temporalis
Flexors of wrist
Sternomastoid

Biceps femoris

NN N W W UM N N W

Interossei

-l

Plexors of fingers
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The tendon reflexes were normal in 29 patients (53.7%),
brisk in 23 (42,6%) and reduced in 2 (3,7%). No sensory abnor-
malities were found,

Effect of Edrophonium, The length of time for which 19
patients could maintain each leg at an angle of l;.5° to the hori-

zontal was measured and the average of the two taken, The
patients were then given 10 mg. of edrophonium chloride (Tensilon)
intravenously end the test was repeated., Table 6 shows that the
edrophonium produced no significant inerease in strength

(Appendix Table 3).

Ophthalmoplegia. One of the 14 men (7.1%) and three of
the 14 women (7.5%) had ophthalmoplegia, Each of the three women
had other diseases in addition to her thyrotoxicosis, One had
disbetes mellitus, another diabetes mellitus and pernicious
anaemia and the third had concurrent myasthenia gravis, affeocting
only her eyes, As Fig. 3 shows, her ptosis responded well to
the injection of edrophonium, but her ophthalmoplegies persisted.

Investigzat
Table 7 and Appe: Table 2)

The presence of thy:;otoxioosis was proved in all the patients
by means -of thyroid 11°! or 422 yptakes, and occasionally by
estimations of the basal metabolic rate or serum protein bound

iodine alone (Appendix Table 2),

Electrocardiography. Electrocardiograms were done in 50
of the 54 patients, and the results are summarised in Table 8,

18% of the patients had an abnormal rhythm, usually atrial
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(e)

Fig. 3. Case No. 28. |Temale aged 35 with concurrent
toxicosis and myasthenia gravis. (a) Showing ptosis. (b
Patient attempting to look to the left. (oz and (d) following
the intravenous injection of edrophonium. e) One month later,
showing ophthelmoplegia unresponsive to edrophonium,



Tapix 7

The patients:

biochasdonl data.

dales Fenales
%oe of Hoe of e of fio. of inhole Statistical
patients cases snalysis | patients cases | Analysis| series analysis
positive pogitive ¥ales/
females
¥ean 2 hour 11 1065 3, 112.7 111.2
poste=prandial ng # ng & mg #
blood glucose
7 patients with| 211 4 SBeky: 34 15 bhel) 42e2
hr. blood gl
> 110 mg &
Serum: caleium 10,0
ng 2045
Serum: potnu:h# bed
m E¢/1 2Ue5
Urinary mtinj U 12 1.7 e e 32 246e7 2644 Ue35F>Ce2
ng/ 2k . 226949 220749
Urinary creatinine| 14 12 11325 &0 32 EE3elk 536.8 Ce2>P>00l
mg/ 2 br. 26372 25908




Table 8

Analysis of the eleetrocardiograms of
50 thyrotoxic patients.

E.C.G. normal 2
Sinus tachycardia 36
Atrial fibrillation 7
Atrial ectopic beats 1
Atrial flutter 1
Left ventricular hypertrophy 19
Q, , avL 3
Flat T wave 3

ST depression 2

E2 REXNRER &
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Pibrillation, and all of these except one had significant
associated skeletal muscle weakness, 6% had Q waves in leads 3
and aVL, 6% had flattened T waves in various leads and 4% had ST
seguent depression. The vast majority had sinus tachycardia
(72%), and just over half of these patients showed evidence om

the electrocardiogram of left ventriculer hypertrophy.

Blood (Glucose, IHstimations of the blood glucose two
hours af'ter a meal containing at least 100 grammes of carbohy-
drate were done on 45 patients. The mean value was 111.2 mg.%,
and 42,2% of the patients had a velue which was abnormally
raised, that is above 110 mg.%, indicating diminished glucose
tolerance (Williams 1962, p. 616),

Serum Calcium, Estimations were performed om 49 patients.
The mean value was 10,0 mg,% and all the patients lay within the
normal range of 9,5 -~ 10,5 mg.%, except for three patients whose
values were between 9,0 and 9.5 mg.% and six others who hed mild
hypercalcaemia, the highest level being 11.9 mg.%.

Serum Potassium, PFstimations on 48 patients gave a mean
value of 4,3 mEq./4. Three had values which were just below
the lower limit of normal of 3.5 mEq./4, and four others had
values above 4.8 mEq./1, which is the upper limit of normal.

Urinary Creatine and Creatinine Excretion, Twenty-four

hour excretion of creatine and creatinine was measured in 44
patients, The mean excretion of creatine was 264.4 mg./2}4
hours, and there was no significant difference between the values

for men and those for women. The normal range for creatine
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using the Auto-analyzer stendard method (1962) is 0 - 200 mg./24
hours, Six out of the 12 men and 17 out of the 32 women had
figures within the normal range, The lowest figure for a thyro-
toxic patient was an excretion of 8 mg, of creatine in 24 hours,
The mean figure for creatinine excretion was 936.8 mg./24
hours, and again there was no significant difference between
male and female patients in this respect, lost of the values
for the men lay below, or at, the lower limit of the normal range
for their sex, which is 1.0 - 2,4 grams, done by the Auto-
analyzer standard method (1962)., The figures for the women
patients were similarly related to the normal range for females

(0,7 = 1.3 grams).

Electromyography
Electromyograms were carried out on ell 54 patients, A

proximal muscle was tested in each patient - in 29 patients the
deltoid muscle was chosen, in 24 the rectus femoris and in one
ocase the triceps. In 21 patients ebductor digiti quinti was

also sampled.

Deltoid

(Appendix Tables 4 and 5)

Action Potential Duration, Table 9 and Fig, 4 show that
in the control subjects there was a highly significant correlation
between age and the mean action potential duretion, the duration
beconing greater with advencing years, All of the 29 thyrotoxic
patients tested had mean action potential durations which were

significantly different from the predicted for their age (Table 10),
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Fig. 4. Deltoid. Graph showing the relationship between age
and mean action potential duration in control subjects anmd in
thyrotoxic patients.



TABIE 9

Control Subjects. Deltoid. Correlation between
age and mean action potential duration

' liean

No. Age Duration Statistical
yrs. il 86C. Analysis

1 27 10.8

2 49 119

3 i3 13.3

L 43 12.9 X = 42,1 yrs.

5 67 12,7 ¥ = 12,0 ‘m see.

6 7 12,0

7 35 10.8 b . ® CeO48

8 32 11.0 8.D.= 0u46 ‘m sec.

9 38 1l.9 r = 090

10 72 12.5

11 60 139 0,001 >P

12 T4 133 Highly significent

13 Sl 1ie4 at P = 0,05

1 21 1245

15 66 12.3

16 20 1243

17 23 115

18 22 11.6

19 19 1045

20 27 10.5

21 21 10.5




Rap1E 10

Thyroteoxie patients.

Deltoid.

Table showing the
deviation of the observed mean action potential deviation from the predicted.

Observed Predicted Deviation
mean action wean action of observed | Statistical significance of deviation
Case Noe Age potential potential from
ey | Daen | e i g : .

1 42 8.7 1240 3e3 €976 P< 00001

& &7 88 1242 el 7203 P< 0.001
10 38 Tok 11.8 bely 3.301 P< Ca001
11 0 79 124 Led Se533 P< 0,001
12 48 76 123 ko7 5978 P< G.001
13 J2 Te3 11.5 Le2 &.860 P< 0.001
1N 26 83 11.2 2.9 64066 P< 0,001
15 64 96 13.1 3¢5 70231 P< 0,001
17 69 75 1343 5e8 11,812 P< 0,001
18 6l 8e6 131 be5 54297 P< 0,001
19 66 765 13.2 57 114704 P< 0,001
20 39 Tel 11.9 he8 1C.151 P< 0,001
22 38 Sels 11.8 Seks Te218 P< 0,001
24 56 7.8 12,7 he9 10e294 P< 0001
25 55 9e5 12.6 el €500 P< 0.001
26 52 748 1245 be? 94915 P< 0,001
28 35 6a7 1.7 560 1Ce 593 P < 0s 001
29 53 79 12.5 e Se 704 P < 0,001
30 49 Jel 1243 3e2 64956 P < 0.001
n 50 10.9 1264 1e5 3177 0s005>F 30,001
32 52 10.5 12.5 2.0 4e229 P< 0,001
35 15 Tk 107 3e3 6720 P< 0s001
37 36 1Cel 11.7 1.6 34397 0e005) P04 001
38 58 57 12.8 7.1 14853 =< Gs001
b5 55 116 1246 140 2100 0e05)P?>0e01
48 27 746 11.3 3.7 1756 P G.001
49 42 2.2 12,0 38 8e067 P< 0,001
50 69 8e9 1343 beks 84961 P C 0.001
53 6l Yol 13«1 le© Be 26l P £ 0,001




Action Fotential Amplitude. There was no association

between age and the mean amplitude of the action potentials
(Teble 11), and, although the average amplitude in the thyrotoxic
patients was lower at 95.8 uV than that of the control subjects
at 112.4 1V, there was no statistical significance in this

difference (Table 12).

Polyphasic Potentials, The mean percentage of polyphasic
potentials measured in the deltoid muscle of control subjects

was 9,6%, and the percentsge found in the patients was signifi-

cantly higher at 19.8% (Table 13 and Fig. 5).

Spontaneous Activity. Fibrillation potentials were
observed only once in the deltoid musecle of a thyrotoxie patient,

Fasciculation was observed on one occasion in a different patient.

Electromyogram on Maximal Volition (Appendix Table 7).
All the deltoid EMG's showed a normel interference pattern on

maximal effort, The mean peak to peak volitage was not signifi-
cantly lower than that of controls (Table 14).
Rectus Femoris
(gneﬁix Tables E and 6)
Action Potential Duration. As with the deltoild muscle,

the correlation in the control ENG's between age and action
potential duration was highly significant (Table 15 and #is. 6).
However, although 20 (83.3%) of the thyrotoxie patients had mean
action potential durations which were significantly different

from the predicted for their age, four patients had values which

were within the normal range (Table 16),



Table 11

Deltodd, Control subjeocts,

Relationship between age and mean action
potential amplitude (see Appendix Tadle 5),

; b2.1 yrs.
y 12,4 wv.
h" 0,525
r OJ‘IQ
Degrees of 19
freedom
P > ﬂ.‘l
Not significant
at Fwm 0005
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Fig. 5. Deltoid and Rectus femoris. Showing the differences
in the percentage of polyphasic potentials between thyrotoxic
patients and contxol subjects.
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Fig. 6. Reotus femoris. Graph showing the relationship
between age and mean action potential duration in control
subjects and in thyrotoxic patients.



TABIE 15

Control Subjects, Rectus femoris, Correlation between age
and mean action potential duration.

lean
Noe Age Duration Statistical
yrs. m 3eC. Analysis
1 22 11.8
2 56 133 X = 45.6 yrs.
3 61 1he? Y = 13.1 'm sec.
& 72 13.5
5 60 141 byexe = 0s041
6 43 12.8 SDe = Ue92 m sec
7 63 a3 r = Q.61
8 52 139 0.01>P > 0,001
9 73 141 Highly sig~
10 &3 L5 nificant at
11 39 11.8 P = 0,05
12 51 11.5
13 27 13ek
1y 32 13.8
15 29 13.0
16 26 11,0
17 27 11.5




‘hyrotoxic patients.

TABTE 16

Rectus femoris.

Table

showing the deviation of the cbserved mean action
potential duration from the predicted.

DN [ Observed | Irediched | o aatof | Statistical significance of deviation
I~ gou:-:gi:l 23::23.;1 praf;?:‘bed % P
‘m sec ‘m sec m sec
2 48 8+1 1342 5l Lokl P ¢ 0,001
5 60 8¢5 1347 5e2 56469 P < 0,001
6 22 8e7 122 345 34390 0.005>P>0.001
7 57 10.1 1346 345 34611 0e0055P>0, 001
-8 37 11.9 12,8 09 0s901 0e43P3043
9 53 1047 136l 2.7 24836 0.025P>0401
16 50 98 133 3e5 34670 0+005>P>0.001
21 70 848 141 5¢3 5¢264 P < 0,001
23 53 1045 13ek 2.9 34049 0.01>E>0. 005
27 55 1049 1345 2.6 24690 0.02 P>0,01
33 28 649 124 55 50629 P< 0,001
3k 31 949 12,5 2.6 24709 04025P 30,01
36 48 99 1342 3e3 3e48Y 0e005>P>0+ 001
39 25 10,2 1243 2.1 24125 0.13P>0,05
40 65 10.8 1349 3.1 34133 0+ 015P>0. 005
1 48 8e3 13.2 4§ 5e17h P<0,001
42 53 8.1 13e4 5e3 54578 P ¢ 0.001
L5 60 79 137 58 54980 P ¢ 0.001
bk 62 849 13.8 Le9 54000 P< 0,001
46 67 1046 14.0 Seks 34390 0+ 005>P >0 001
47 40 11.2 12.9 1.7 1.770 0e1>P 0,05
51 39 108 12,8 2.0 24147 0.055P>04025
52 Al 10.9 1249 240 2,128 0s15P>0405
54 60 8.6 1347 el 50253 P ¢ 0. 001
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Pig. 7. Part of EMG dons on the rectus femoris of ocase 7,

sa Amplification at 10 UV/mm (b) Amplification at 20: V/mm
o) Interference pattern. Amplification at 100 .V/mm.



Mui\ = — P
v !
T ) \-

} A‘. Mﬁ.#w
\k'\__-h — e,
“ 10 msec
S S S — ___N—_._

Fig. 8. Part of EMG done on rectus femoris of control subject
(No.3 ) (a) Amplification at 10uV/mm (b) Amplification at
20 uV/mm (e) Interference pattern. Amplification at 100uV/mm
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Action FPotential Amplitude, There was no correlation

between age and action potential amplitude amongst the controls
(Table 17), and a comparison of their figures with those of the
thyrotoxies (158.9 uV and 151.5 uV respectively) showed that there

was no reel differemce (Table 18),

Polyphasie Fotentials, The controls had a mean percentage
polyphasicity of 8.2 and that of the thyrotoxic patients was sig-

nificantly higher than this at 14.8% (Table 19 end Fig, 5).

Spontanecus Activity. No evidence of fibrillation or
fasciculation was found in the EMG's done on rectus femoris,

Elsctromyogram on Maximal Volition, An interference
pattern was seen in all the patients except three who had a mixed

pattern on maximal effort, There was a highly significent
reduction in veoltage (mean 2,5 mV) compared with controls (meen

4,5 nV) (Table 20).

Iriceps
This muscle was sampled in one patient and in two controls,

details of whose electromyograms are given in Table 21,

Neither the patient nor the controls had any evidence of
spontaneous activity, and all three subjects showed a normal
interference pattern on maximal effort,

No statistical analysis has been done on the EMG's of
triceps because of the small numbers, but it is probably thet
there was a reduction in the patient's action potential duration

and an inerease in the percentage of polyphasic potentials,



Table 11

Rectus femoris eleotromyograms, Control subjects,

Relationship between age and mean action potential
emplitude (see Appendix Table &).

x 45,6 yrs.,
; 158.9 IJ-'.
b 0.
- 7
r 0.243
Degrees of 15
freedon
P >0.1
Not significant
at P = 0,05
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Abductor Digiti Quinti
(4ppendix Tables 4 and 8)

Action Potentisl Duration. Unlike the two proximal muscles

already described, there was no correlation in the EMG's done on
abductor digiti quil;&ti between age and mean action potential
duration (Table 22). Of the 21 thyrotoxic patients tested, only
9 (42,9%) had a mean duration which lay outside the normal range
of 9.3 £ 2,1 m, sec. (Teble 23 and Fig, 9), All the 9 patients

had abnormal proximal electromyograms,

Action Potential Amplitude., The mean amplitude for con-
trols was 154.9 uV and that for the thyrotoxic patients 129.9 .V,
but statistical analysis did not reveal any significent difference

between these figures at the P = 0,05 level (Table 24),

Polyphasic Potentials., The patients hed e higher degree
of polyphasicity (13,6%) then the controls (9.9%), and this dif-
ference was significant (Table 25 and Fig, 10).

Spontaneous Activity. Fascioculation was seen in 3
patients, one of whom had it in 7 of the 27 positions sampled,

Fibrillation potentials were observed in 3 cases.

Correlations
Sex, Teking the deviation of the observed mean action
potential duration from the predicted for each patient as an indi-
cation of the degree of abnormality of the electromyogram, a com-
parison of the mele and female patients (Table 26) shows that

there was no significant difference between the two groups.



Contrel Subjects.

TABIE 22

Abductor digiti quinti. Correlation
between age and mean action potential duration.

kean
No. Age Duration Statistical
yrs. n sec. Anelysis
p § 32 10.2
2 43 7.6
3 21 9¢9
4 23 79
5 22 940 X = 4343 yr.
6 gt 907 ¥ = 9.3 m sec.
7 68 11.3
8 57 Jels byx = 0.014
9 55 95
10 42 8e7 r = 0.249
11 L3 8ely
12 26 10.7 P >0.1
13 65 8e7 No correlation
14 27 N
15 55 9e2
16 29 8ol
17 64 10.0
18 37 10.3
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Fig. 9. Abduotor digiti quinti. Graph showing the mean action
potential duration in thyrotoxic patients and in control subjects.



Thyrotoxic patients.

TABLE 23

Abductor digiti quinti.

Table

showing the deviation of the mean action potential
duration from the normal.

Case No. | A&° — Df;‘orimaniiz Values
| it | PR
costgca).‘:;? S.D.
18 6l 7.0 -2e3 -
23 53 11.0 +1e7 0
2l 56 846 =0e7 0
25 55 640 =3e3 +
26 52 6e7 «246 +
29 53 5¢9 “3els +
30 49 8¢5 =08 0
31 50 10.5 +1e2 0
32 52 9¢3 0 0
b 31 7e2 -2.1 +
36 48 Tok =1.9 0
37 36 68 =245 +
40 65 Tok =1.9 0
41 48 63 =340 +
42 53 Te3 =240 0
Lk 62 8¢9 =0y 0
45 55 848 =0e5 0
L6 67 7e3 =20 0
L8 27 Te2 =241 +
49 42 79 =1.5 0
53 64 5e6 =37 +
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10. Abduoctor digiti minimi. Showing the differences in

Fig.
the percentage of polyphasio potentials between thyrotoxic patients
and control subjects.
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Age, There was no correlation between sge and the dgviation
of the mean sction potential duration from the predieted (Table 27)
in the "MC's done on the deltoid muscle, all groups being equally
affected (Pig, 4), but there was an association in the recordings
taken from the rectus femoris (Table 28)., It cen be seen from
Plg. € that the petients under the age of 45 were less severely
affected than those im the older age groups, snd statisticel analyw
sis (Table 28 and Fig, 11) show that this eerrelation in rectus
fenoris is significent,

Tables 29 and 30 reveal no

association between the time for which the patient had thyrotoxie
symnptoms snd the severity of the electromyographie findings,
(Appendix Tables 12 and 13)

Using the level of the serum

protein bound iodine in 31 petients as an indication of the
severity of the thyrotoxicosis, a comparison of this with each
patient's deviation of observed mean action potentianl from the pre-
dicted revealed that there was no correlation at all (Table 31 and

Appendix Tatle 14),

Yeight loss., An enalysis of the MMG's done on the delteid
and reotus femoris musoles revealed no positive relationship
between the severity of the electromyographic action potentiel
deviation and the amount of weight lost by the patient (Tables 32
and 33 and Appendix Tables 12 and 13),

Sempled, There was a sig-

nificant difference between the mean sction potentiel deviation in



Table 2

Deltoid, Thyrotoxic Patients,

Relationship between age and the deviation of the
observed mean action potential duration
from the predicted (see Table10),

x 48,0 yrs,
y 3.9 m,see,
b 0,002
yx
r 0.09
Degrees of
freedom 27
P > 0,1
Not significant
at P = 0,05
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Fig. 11. Reotus femoris. Graph showing a correlation in thyro-
toxic patients between age and the deviation from the expected
mean action potential duration.



Table 2§

Rectus femoris. Thyrotoxic patients

Relationship between age and the deviation of the
observed mean action potential duration
from the predicted (see Table 16)

x 4L8.8 yrs.
y 3.6 m.sec.
b 0.
vx Ol
r 0447
Degrees of
freedon 2
P 0.05 > P > 0,01
Significant i
at P = 0,05 |
|




Table 2
Deltoid, Thyrotoxic petients,
Relationship between the duration of the thyrotoxiceosis and

the deviation of the observed mean action potential
duration from the predicted (see Appendix Tablel2),

x 6.0 montha

; 3.9 m,8ec,
=0,02

b - 021

r 0.095

Degrees of 27

freedom

P > 0.1

Not significeant
et P= 0,05




Table 30

Rectus femoris. Thyrotoxic patients.

Relationship between duration of thyrotoxicosis and the
deviation of the observed mean action potential
duration from the predicted (see Appendix Table!3).

x 7+4 months
:‘F 3.6 m.sec,
b ~0,065
yxX
r 0.241
Degrees of 22
freedom
P >0,.1
Not significant
at P = 0.05




Table 31

Relationship between serum protein bound iodine and the
deviation of the observed mean action potential
duration from the predicted
(see Appendix Tablel4)

; 11.4 }.18-%
; 3¢9 me.8eC,
b 0.0
yx 50
r 0.084
Degrees of 31
freedon
P >0.1
Not significant
at P = 0.05




Table
Deltoid, Thyrotoxie patients.
Relationship between weight loss and the deviation of the

observed mean action potential duration from the
predioted (see Appendix Tablei2),

x 17.7 1b,
; 309 M. B88C,
0.0

v 35

r 0.270
Degrees of

freedon 27

P > 0.1

Not significant
at P = 0,05




Teble 33

Rectus femoris., Thyrotoxic patients,

Relationship between weight loss and the deviation of the
observed mean action potential duration from the

preducted (see Appendix Tasblel3),

x 17.6 1b,
y 3.6 m.se0,
b 0,00

vx 9

r 0.071
Degrees of 22

freedon i

P > 0,1

Not significent
at P = 0,05




w kP w

those patients who had clinical weekness of the deltoid muscle as
compared with those who had none (Table 34). Although the aif-
ference between the two groups was even larger in patlents whose
rectus femoris was examined ¢linically and electromyographically,
a statistical analysis did not reveal this as being significant,
probably beceuse of the smaller number of patients (5 out of 24)

who exhibited weskness of this muscle, (Appendix Table 15)

Extent of lMuscle Involvement, If the degree of EMNG change
was compared with the extent of the involvement of the muscles by
weakness and/or atrophy, it can be seen from Table 35 that there
was a significant difference between those patients who had proximal
involvement and those who had none, JMoreover, there was an even
greater difference between those patients who had weakness and
aetrophy of the distal as well as the proximal muscles compared with
those who had no muscle involvement, (Appendix Table 11)

Nerve Conduetion Velocities and latencies
Appendix Table 9

Tables 36 and 37 show that there were no significant dif-
ferences in 12 patients between the conduction velocities in the
ulnar nerve, measured from the elbow to the wrist, or in the laten-
cies from the wrist to the ebductor digiti quinti as compared with

the results for controls,

Muscle Biopsy
Thirty patients had o muscle biopsy carried out, and the

results are shown in Table 38. Only 14 of the sections were found
to be suitable for an estimation of mean fibre diameter and fibre

population per square mm,, largely because of the difficulty in
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TARIE 38

The results of muscle biopsy on 30 thyrotoxic patients.

: Mumcle Fibre diameter () No. fibres
Case No. | biopsied Total | Hos | Nean per m.m.2 Histology
& Delt. 4389 77 57 136 Normal
2 Rects fem 4326 103 L2 329 Normel
3 Triceps LOLO 101 40 482 Normal
L Delte - - - - Normal
5 Rects fem 4100 100 41 388 Hormal
6 Rect. fem - - - - Normel
7 Rects, fem } - - - - Infiltration of fat between muscle
fibres.
8 Rect. fem - - - - Normal
10 Delt. - - - - Proliferation of comnective tissue
between muscle bundles
11 Delt. - - - - Normal
12 Delte. - - - - Une lymphorrhage
13 Delt. 4264 | 104 41 449 Two lymphorrhages
15 Delte. 3900 100 39 L87 Degenerating fibres with macrophages
end lymphocytes.
16 Reect. fem 4,284 102 L2 13 Normal
18 Delte 3978 | 102 39 429 Normal
19 Delt. - - - - One degenerating fibre with macrophages
2l Delt. 3750 85 Ly 426 Normal
25 Delt. - - - - Normel
29 Delt. - - - - Normal
30 Delte - - - - Normal
31 Delte - - - - Normal
36 Rect., fem. 3230 85 38 396 Normal
37 Delt. 2640 66 LO 290 Normal
38 Delte 2482 73 3L - Normal
39 Rect. fem 3627 935 39 25k One lymphorrage
40 Rect. fem. - - - - f-I.omal
51 Rect, fem - - - - Normal
L3 Rect. fem. - - - - Normal
L7 Rect. fem - - - - Normal
48 Delt. 3589 | 97 37 L6 Normal
Yean A 398
Delt. = Deltoid
Rects fem = Rectus femoris




-1‘.3-

getting an exact cross-section, Table 39 lays out the results of
those control biopsies which were Jjudged to be adequate for measure-
ment,

Fig. 12 shows that, apart from one patient, all the thyro-
toxics had mean muscle fibre diameters which were, on average, 12
microns smeller than those of the controls (Pigs. 13, 14, 15, 16).
No statistical analysis has been done because the biopsies were
carried out on different muscles,

Fig., 17 demonstrates the increased number of muscle fibres
per square mm, in the thyrotoxic patients compared with the control
subjects (mean 398 and 287/square mm, respectively). The infer-
ence is that when the muscle fibres become smaller they get more

erowded together,

Histology. Seven out of the 30 patients (23.3%), apart from
any reduction in fibre diameter, also had some histological abnor-
mality, |lMany showed an apparent increase in sarcolemmal nuclei
(Pigs. 18 and 19) due to the erowding together of atrophied fibres,
However, when cross-sections were examined the number of nuclei
per fibre was not found to exceed the upper limit of normal of 8
(Fig, 20).

Degenerating muscle fibres, infiltrated with macrophages and
lymphocytes, were seen in 2 patients (Fig, 21). Four perivascular
lymphorrheges were seen (Figs., 22, 23 and 24) and the other histo-
logiesl changes were confined to the infiltration of fatty tissue
between the muscle fibres of one patient (Fig., 25) and the pro-

liferation of connective tissue between the muscle bundles in

another (Fig., 26),



TAME 39

The results of suscle blopey on control subjects.

Husola *ibre disseter (K ':.:h::'

0o Age fex Condition blopaied Total | Hoe lean per m =
i 3 1 ¥ Rormal Delte KK |14 0 243
2 49 K Hormal Delte O8O 8 ) 8 231
3 37 ¥ Varicoss veins | dart, 3320 98 40 455
[N 3] .? Varicose veins | . sed. 5253 | 103 L+ S 287
5 22 43 Variecss veins Sarte 47 &9 53 343
6 5 | ¥ | Inguinel hermia | sart. 530 | 100 | 53 194
7 51 | w fydrocosle | Sarte 5616 | 104 | 5 305
8 43 H Varicose veins | idde T. 3843 63 61 268
9 33 M Inguinal hernia |  Sarte 55 | s | 50 -
10 57 ¥ Varicoss veins Sarts 5187 $71 57 292
11 27 ¥ Inguinal hernia Sarte 4510 82 55 323
12 57 ¥ Inguinal hernia Sarte 4,628 &9 52 2
13 29 ¥ Varicose veins Sarte 3594 &6 59 157
vean 15; 12871

Pelt. = Deltoid.

Ve meds = Vastus nedialis.

Zarte = "artorius.

ide Lo = isdductor longusSe.
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Fig. 12. Showing the differences in mean muscle fidre diameter
botween thyrotoxie patisnts and eontrol subjects.



m- 13. Case No. 5. Mean musele fibre diameter
41 3 (H. and ED’ x #75)

Fig. 14. Control biopsy No. 7. Mean muscle fibre diameter
54 p (H. and E., x 475)



Hean musecle fibre d:l.uotor

37 v (H. end E., x 475)

Case No. h&-

H‘o 15.

Mean muscle fibre diameter.

58 u (H. and E., x 475)

Control biopsy No. 10.

Fig. 16.
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Fig. 17. Showing differences in the number of muscle fibres per
square nm. between thyrotoxic patients and control subjects.



Fig. 18, Case No. 15. Longitudinal section showing an apparent
inorease in sarcolemmal muclei (H. and E., x 475)

Fig. 19. Control biopsy No. 13. Longitudinal section showing a
normal number of sarcolemmal nuclei (H. and E., x 475)



Fig. 26. Case No. 10. Proliferation of connective tissue
between muscle bundles (Ven Gieson, x 75).



o W -

No comment is made on the presence or absence of muscle
fibre striations, because it cannot be said with certainty that
striations are absent unless the section is specially stained or
is examined under polarised light,

There was no significant difference in the ENG changes
between those who had abnormal histology and those without

(Table 40).

Follow-up Studies ‘Apgendix Table 191

Clinicel State, All the patients except two were followed
up by the author, and at the time of writing they are euthyroid,
The average time taken to become euthyroid was 2.1 months from the
start of treatment, Muscle power had returned to normal in about
the seme time (meen 2,2 months), but muscle atrophy took a signifi-
cantly greater time (mean 2,8 months, t = 2,290, 0,025 > P > 0,02)
to disappear af'ter the patient had become euthyroid.

Degree of Proptosis endix Tables 4 and 10), Between
the time the patient was first seen and & time four months after
he or she had become euthyroid, serial measurements with the exoph-
thalmometer of the degree of proptosis showed a mean inerease of
1,5 mm, in 31 patients, taking the average for both eyes, In 9
patients the eyes had receded by a mean of 1,2 mm, and in a further

6 there was no change.

Creatine and Creatinine Fxeretion !Apgend.it Table 101

Creatine excretion was measured in 8 male patients four

months after they had become euthyroid, All the values lay within

the normal range of 0 = 200 mg./24 hours and hed a mean of
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48,5 * 26,2 ng./24 hours, TFour of the 23 women in whom creatine
excretion was estimated had values just above the upper limit of
normal, The mean for women was 98 # 85,1 mg,./24 hours,
Creatinine excretion, studied on the same patients, showed
that all the men except one (0.820 g./24 hours) had values lying
within the normal range of 1,0 to 2.4 g., with & mean of 1,368 %
0.033 g./24 hours, Only 3 of the women had creatininuria in
excess of the upper limit of normal of 1.3 g. .The mean value for

ereatinine excretion in the women was 1,046 % 0,031 g./24 hours,

| Electromyography
Thirty-six patients had electromyograms repeated on the

same muscles as before. The follow-up EMG's were done four months

after the patients had become euthyroid.

Deltoid ndix Tables 4 and 5)

Action Potential Duration. Table 41 and Fig, 27 show that
14 out of the 21 i:atisnts (66,6%) on whom EMG's were repeated had
an action potential duration which did not differ significantly
from the predicted for their age. Six patients (28,6%) were still
below the lower limit of normal, but had improved considerably on
their original action potential duration. One patient developed
a duration which was significantly above the upper limit of normal,
In making the calculations, the assumption was made that the
patients were still the same age as at the time of their first EMNG,
In fact, the majority of patients had their follow-up ENG done
7 = 9 months later, and the longest interval was 11 months, Any
error caused by this in calculating the predicted action potential

duration would not be more than 0,1 m, sec,
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Fig. 27. Deltoid. Follow-up electromyograms. Graph showing
the relationship between age and mean action potential duration
in patients and controls.



TABIE 4l

Follow=up electromyograms. Deltoid
Table showing the deviation of the obserwved mean action
potential duration from the predicted.

b Observed Predicted | Deviation
mean action mean action | of observed Statistical significance of deviation
potential potential [ from
et B duration duration | predicted t P
n sec ‘m seg m sec

1 42 9e7 12,0 =23 Le862 P< 0,001

X 47 11.9 12,2 =0s3 0.636 0.65P>045
10 38 11,1 11.8 0e7 1.486 0e2>P>0,1
11 50 124 126k 0 0 0
12 48 12.6 12.3 +0e3 C.632 0.6>P>045
13 | 32 12,3 11.5 +048 1.687 0e2°P>0a1 _—
1 26 10.7 11.2 =0e5 1.046 Oe>P >00 3
17 | 69 11.6 1343 -1e7 3elb2 0e 0055P>0.001
18 64 11.2 13.1 =1.9 34925 0,001
19 66 1243 1362 =0s9 1.848 0.1>P>0.05
20 39 1242 11.9 +0e3 0.636 0e6>P>045
22 38 13.0 11.8 +1e2 24547 0+02>P>0,01
25 55 | 13e4 12.6 +048 1,684 0e2P>0el
29 53 11.6 1245 =0s9 f 1.898 0.1>P70.05
30 49 11.6 12.3 - 0e7 | 1.521 0e2>P>0,1
31 50 12,1 124 =03 0.635 0.6>P>0.5
32 52 11.3 12,5 =1.2 24531 04025>P>002
37 36 11.7 11.7 | 0 0 0
38 58 9e8 12,8 | =340 6276 P<40,001
45 55 11.6 12.6 =1.0 24100 0,05>P>0,025

i




o A

Action Potential Amplitude. The mean amplitude in the follow-

up FlMG's done on the deltoid showed no significant difference from
that of the controls (Table 42), However, there had been a
statistically significant inerease in amplitude (137.8 uV) in the
ENG's ('i‘a.ble 43) compared with those done before the start of treat-

ment (95.8 LV).

Polyphasic Potentials, The mean percentage of polyphasic
potentials in the follow-up ENG's was not markedly diffeerent from

that of the controls (Table 44) and showed a highly significant

reduction compared with the records taken previously (Table 45),

Spontaneous Activity., One fibrillation potential was found
in the EMG of Case No. 37.

Electromyogram on Maximal Volition. An interference pattern
was found in ell the cases and the voltage was not significantly

different from that of the controls (Table 46 and Appendix Tables
4 and 7),

Reectus Femoris

Action Potential Duration., Of the 15 electromyograms done

oen euthyroid patients, all had action potential durations whiech
were normal (86.7%), except for one which was significently below
the predicted and another which was just above the upper limit of
normal (Teble 47 and Fig. 28),

Action Potentiel Amplitude. Comparison of the mean emplie

tude of the follow-up EMG's showed no significent inerease on the

pre-treatment values (Teble 48)., In fect, there was a slight
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Fig. 28. Rectus femoris. Follow-up electromyograms. Graph
showing the relationship between age and mean action potential
duration in patients and controls.



follow=up cloctrunyograns.

TABIE &7

hrectus {emoris.

Table showing the

deviation of the obascrved umean asction potential duratiom from
the predicted.

Ubssrved ‘redicted Ueviation
mean action asan sotion of cbserved Statistical significence of deviation
Gose Bo. Age z:& m pr::?ohﬂ t o
. GOCe & TN n. 56Ce

2 48 132 132 c ) G

5 60 13e3 13.7 oy Qeli22 Ce7 >P > Geb

6 22 1346 12.2 ~Uab 0622 Cab> P> 0eh

7 57 106 136 =3e0 3100 GeQl > P > 0a005

8 37 1he7 12.8 +1e5 24108 Cel>P >0.05

2 53 1.8 1leh +1ads 1470 a2 > P06l
16 50 1heb 133 +1e3 1.371 Oe2 >P>Cel

a 70 13.9 lhel 02 0199 0e9>P 008
27 55 12.1 135 “lok 1e459 Oe2>P Dol
3% 31 126k 1245 ~0el 0103 0e§55F>0e90
39 25 11e2 1243 =lel 1.113 0e3°P 20,2
AT 48 13e1 13e2 ~Ual 0.105 Ce$5 7 0690
43 60 liel 13.7 Uk Co kil Ce7 #>0e6
L 62 12,2 15.8 =1e6 Lle646 Ge2 >0l

47 L0 150 1249 +2e1 20212 0e05>F 504025
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reduction, and the amplitude was not statistically different from

that of the controls (Table 49).

Polyphasic Potentials, Following successful treatment of
the thyrotoxicosis, the EMG's done on the rectus femoris revealed
no significant reduction in the percentage polyphasicity, compared
with the previous values (Table 50), and there remained a differ-

ence between the patients and the controls in this respect (Table
51).

Spontareous Activity, No fibrillation potentials or
fasciculations were seen in the EMG's done on the rectus femoris

of euthyroid patients,

Electromyogram on liaximal Volition (Appendix Table 7). 4n

interference pattern was obtained in all cases with a voltage which

did not differ significantly from that of the comntrols (Teble 52),

Iriceps
A comparison of Table 53 with Table 21 will show that the

action potential duration returned to a level similar to that of
the two controls, as did the degree of polyphasicity. Although
the mean amplitude rose from 113 uV to 130 uV, it is not known

whether or not this is significant.
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SUMMARY OF RESULTS

The Pgt ients:

(1) The average age of onset of thyrotoxicosis was the same
for men as for women,

(2) Fifty per cent of the patients had some complaint of
weakness, and there was no sex difference in this respect,

(3) 3.7% had weakness as a presenting symptom,

(4) Proximsl museles alone were affected in 63,04 of the
patients, FProximal and distal muscles together were involved in
a further 18.5%.

(5) In no case were distal museles solely affected. No
cases of bulbar muscle weakness were seen,

(6) Extensor muscles were involved twice as oomoniy es
flexor muscles,

(7) No significent increase in strength developed following
the intravenous injection of edrophonium (Tensilon),

Biochemistry:
(1) No consistent ebnormalities were found in the serum

levels of calcium or potessium, -

(2) The mean two hour post-prandial glucose level was raised,
indicating e generally diminished tolerance to ingested glucose,

(3) There was usually an increase in urinary creatine

excretion and a reduction in creatinine, compared with normel,

Fleotromyography:
(1) Pifty out of the fifty-four patients (92.6%) showed a

reduction in the mean action potentiel duration in the proximal

muscle sampled.
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(2) There was no significant change in mean action potential
amplitude,

(3) A genersl increase in the perecentage of polyphasic poten-
tials was noted in all three muscles sampled,

(4) Spontaneous activity was inconspicuous, fibrillation and
fasciculation being found only once.

(5) Full effort almost always produced a normal interference
pattern, though a mixed pattern was seen in three patients., A
reduced mean voltage was seen in the EMG's of the rectus femoris,

(6) 42,9% of the 21 patients tested had an sbnormal electro-
myogram of the abductor digiti quinti, and all of these had a gross
abnormality of the proximal muscle sampled. TFasciculation and
fibrillation was seen in three patients each,

(7) The deviation of the action potential duration was greater
in those patients who had clinical weakness of the deltoid muscle
than in those without, This relationship was not apparent in the
rectus femoris,

(8) The severity of the EMG changes correlated wéll with the

extent of the muscle involvement,

Nerve Conduction Velocities and lLatencies:

No abnormality was seen,

Muscle Biopsy:
(1) There was a general reduction in fibre diameter in the

thyrotoxic patients, accompanied by an increase in the number of
fibres per unit area,
(2) Abnormal histology was found in 23.3% of the biopsies.
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Follow-up:
(1) The time taken for normel strength to return and for the

euthyroid state to be achieved was the same, Muscle atrophy took
a little longer to recover,

(2) Creatine and crestinine excretion returned to normal in
nearly all patients,

(3) Only 19% of the EMG's done on the euthyroid patients had
an action potential duration which was significantly diff'erent from
the predicted. There was a significant increase in amplitude in
the deltoid muscle, but the mean was still within the normal range.
The percentage of polyphasic potentials had returned to normal in
the deltoid and triceps muscles, but remained elevated in the TMG's

done on rectus femoris.
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DISCUSSION

The findings of this study of 54 unselected thyrotoxic patients
suggest that a muscular lesion, either apperent or subeclinical, is
elmost a constant feature of hyperthyroidism, The evidence for
this rests mainly on the clinical investigation and on the
results of electromyography, The histological exsmination of
muscle tissue, while suggestive, did not provide quite such conclu=-

sive evidence,

Clinical Aspects
The e¢linical findings in these patients were strikingly similar

to those found by en analysis of the 73 cases of chronic thyrotoxic
myopathy described in the literature (compare Tables 1 and 3).

The mean age of patients with myopathy was not significently
different from thaet of the present unselected thyrotoxics and proe

vided no foundation for the popularly held belief that the muscular ’f'@

¥

lesion of hyperthyroidism is more common in the older age groups f}3
(Thorn and Eder 1946, Grob 1963a). No sex difference was discern- -
ible in the sge of onset of thyrotoxicosis, either in the repcrted
cases or in the present series.

From the frequency with which cases of chronic thyrotoxic
myopathy have been reported, it would appear that the condition is
more common in males than females. Thirty eight cases have been
described in males as compared with 35 in femeles, This gives an
almost 1:1 ratio, in contrast to the usual preponderance of four
female patients to one male (Williams 1962, p. 170), In this

study the women outnumbered the men by 2.9:1, There are several

possible explanations for the relatively more frequent occurrence



- 52 -

of male cases of thyrotoxic myopathy in the literature, The
first is that the muscles of men may differ in some way from those
of women, but there is no histological or biochemical evidence to
support this, The second is that females have proportionately more
fat and less muscle in their bodies than men (Staffurth 1962).
Consequently it might be expected that, following the onset of
thyrotoxicosis, there would be a greater protein sparing effect in
women than in men, A third is that men are more usually engaged
in heavy physical exertion than are women and hence their weakness
would tend to make them seek medical attention rather more than
women, That this might be a factor is suggested by the much
longer history of the illness in the female patients described in
the literature.

The mean weight loss in the reported cases was twice that
found in the present study and could be accounted for by the much
greater duration of thyrotoxicosis,

Distal muscles and bulbar involvement were seen more often
in the cases described in the litersture (42.3% and 16.4%) then in
the unselected patients (18.5% and 0%), but this too may be merely
a reflection of the longer history of the condition,

A goitre was present in 87% of the reported cases of chronic
thyrotexic myopethy which is not significantly different from the
incidence of 92,6% found in the patients studied, nor was there any
real variastion in the incidence of ophthalmoplegia in the two groups
of patients, being 5.5% in the reported cases and 7.4% in the
present series, Glucose tolerance was equally diminished in both
groups, though only a small number of the patients in the litera-
ture had had specific investigations for this carried out. No
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striking abnormalities in the serum levels of calcium and potassium
were noted in the present study.

There were increased amounts of creatine and decreased
amounts of creatinine in the urine of both groups of patients.

The changes in the quantity of creatine excreted were slightly less
marked in the reported cases of myopethy, in some cases of which
ereatinuria wes very low or totally absent (Zierler 1951). Grob
(1963a) has elready pointed out this tendency for crestinuria to
diminish as the muscle involvement becomes more manifest and Hoch
(1962) has suggested that it is probably due to a feilure of syn-
thesis of creatine,

Though the muscles were, obviously, not so frequently involved
as in the cases cited in the literature, 50% of the patients in this
study had some comﬁlaint of musele weakness end in 3,7% it was, in
fact, the presenting symptom, The most characteristic complaints
were those of difficulty in going upstairs or lifting the arms
ebove the head as had bgem described before in cases of thyrotoxie
myopathy (Parsons and Twort 1939, Thorn and Eder 1946, Millikan and
Haines 1953, Hoffenburg and Eales 1956, Hed, Kirstein and Lundmark
1958, Whitfield and Hudson 1961), Some of the patients had also
noticed weakness and aching in the thighs, even when welking along
the level,

On examination no fewer than 81,5% of the patients were found
to have some involvement of their museles, Usually this was a com-
binetion of hoth wasting and weakness, but in a few there was mild
atrophy without demonstrable loss of strength and in a larger number

there was weakness without any diminution in musele bulk,
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Recently two surveys on the same subject as this thesis have
been published by workers in London and Tokyo (Havard, Campbell,
Ross and Spence 1963, Satoyoshi et al 1963) and their conelusions
correspond quite well with those of articles written a few years
before about smaller numbers of patients (Pipberger et al 1955,
Hed et al 1958, Gimlette 1959). The results, together with those

of the present survey are summarised in the table below:-

. Wa:ﬁn:ss Weakness Meakians
Authors patients |presenting oo ¢linically
complaint Ry
ctalioss | P g e i
l::dal 1958 = 1 ) v
%;;;atte 40 » 32,59 60%
e 963 2 “ . e
ot o1 ises | 20 g ) o
- S RS S

Considering that the patients are drawn from so far afield as
Sweden, Switzerlend, Britain and Japan, and taking into eccount
variation in the criteria for clinical weakness, there is a remark-
able uniformity in the figures and, on this evidence, that there
is loss of muscle power in a majority of patients with hyper-

thyroidism must be accepted.
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A striking feature in both the cases recorded as “"chronic
thyrotoxic myopathy" and in the survey of Havard et al (1963), as
well as the present one, has been the prediliction for proximal
muscles, Havard and his colleagues found that the deltoeid, supra-
spinatus and the gquadriceps were the most commonly involved muscles,
In this series the muscles most often affected were those of the
shoulder girdle and upper arm, the pelvic girdle and thigh muscles
being less frequently involved as can be seen from Table 6, In
order of incidence, the most severely affected muscles were the
supraspinatus, triceps, delftoid, infraspinatus, biceps brachii,
iliopsoas and the glutei , IExtensor muscles were twice as commonly
affected as flexor muscles.

In 18,5% of the patients distal muscles, always of the fore-
arm and hand, and never of the leg or foot, were wasted and weak
in addition to the involvement of the proximal muscles and in no
case was a distal muscle involved alone, This situation was also
noted in the 73 cases summerised in Table 1, but was more marked.

In the cases cited in the literature a moderate incidence of bulbar
aymp&ona_occurred. This was not found in the present series.

This march of events - first proximal, then distal, then bulbar
musele - suggests a difference in susceptibility of each type of
muscle to the thyrotoxic process. IMuscles which are used most for
prolonged effort and the maintenance of posture have a higher pro-
portion of red fibres than those which have as their function short
bursts of activity., Moreover "the more rapidly contracting flexor
muscles in most mammals tend to be more pale than the extensors"

(Adams et al 1962, p. 99). Red muscle is known to have a much
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greater number of mitochondria than white muscle (Lawrie 1953), a

fact which is of great significance, since mitochondris contain

the mechanism for the production of energy by oxidative phosphory-

lation,

The muscles more capable of quick movement, that is

flexor muscles, with proportionately more white fibres and fewer

mitochondria, obtain their energy from anaerobic glycolysis to a

greater extent,

The connection between mitochondria, muscle

weakness and thyrotoxicosis will be discussed later,

Electrggxogapl_iz

Frevious reports of electromyography in thyrotoxic patients

and the results of the present series are summarised below:

No, of | EMG evidence
Authors patients | of myopathy Cheracteristic features

Shortening of setion poten~
tiels, increase in poly-

Et"":?f;;s 13 92, 3% phasicity, decresse in
emplitude, Normal inter-
ference pattern,
In areas sampled 75 to 100%

Hed of potentiels of short

ot &l 1958 17 100% duration cr polyphasiec,
"Dense" or "scanty" inter-
ference pattern,

Gimlette 40 - "Myopathic pattern" in the

1959 majority.

Yates 10 70% Shortened action potential

1962 duration.
Motor units either poly-

f:':§d1965 50 887 phasic or of a shorter
duration than normal.

Satoyoshi,

Murakemi and 39 61.5% Unspecified

Torii 1963
Statistically significant

x;::* 54 92,6% reduction in action
potential duration.
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All the articles in the literature to date have been about
qualitative estimaetions of the electromyographic findings in thyro-
toxicosis and any difference in the results so obtained eould be
due to observer error., However, apart from the results of
Satoyoshi et al (1963), four previous reports are remarkably
similar (Pipberger et al 1955, Hed et al 1958, Yates 1962, Havard
et al 1963). Presumably the finding by Millikan and Haines (1953)
of normal electromyogrems in several cases of thyrotoxic myopathy
must be explained by the different criteria employed by workers in
the past for the visual interpretation of the electromyogram,

The results of the preserit series show that nearly all thyro-
toxic patients, whatever the severity or duration of their illness
and no matter what their age, have some evidence of myopathy in
their proximal muscles, as defined by a significant reduction in
the mean action potential duration on minimal effort, This
eriterion for the diagnosis of a myopathy, first described by
Kugelberg (191..7, 1949), has been confirmed by several authors
(Pinelli and Buchthel 1953, Buththel end Pinelli 1953, Eaton and
Lambert 1957). It must be amphasi.isd, however, that this reduetion
is in no way specific for thyrotoxicosis, for it occurs in any
primary lesion of muscle such as muscular dystrophy, polymyositis
or dystrophia myotonica (Pinelli and Buchthel 1953, Buchthal and
Pinelli 1953), It has not been noted in petients with disuse
atrophy resulting from one to six months immobilisetion (Buchthal
1957).

Although the voltage of the potentials on minimel effort in
the present series was generally diminished, a statistical analysis

of the results did not reveal that they were significently lower
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than the control values, This finding is not in accord with that
of Buchthal (1957) who found a decrease in amplitude of the poten-
tials on minimal contraction, This discrepancy may however be
explained by differences in the severity of the muscle lesion, for
his examination was performed on patients labelled as "chronie
thyrotoxic myopathy", while the present study was on consecutive
patients suffering from thyrotoxicosis, Buchthal has himself
pointed out (1957) that the meen amplitude must deviate from the
normal by more than 50% in order to become statistically signifi-
eant,

Teking all the patients as a whole the mean percentage of
polyphasic potentials wes higher than in the control subjects, but,
as can be seen from Fig. S there was e considerable overlep in
results. This inerease in polyphasic potentials is a character-
istic feature of a myopathy (Kugelberg 1949).

The pattern on meximal effort was nearly always of the inter-
ference variety, though a mixed pattern was seen on three occasions,
The voltage of the interference pattern was generally reduced, com=
pared with controls, though this relationship was only shown to be
significant in the electromyograms done on the rectus femoris, A
reduction in the peak to peak voltage of the interference pattern
has been found in myopathies in genmeral (Kugelberg 1947, 1949) and
in thyrotoxicosis in particular (Hed et al 1958).

Spontaneous activity, in the form of fibrillation potentiels
and fasociculation was rarely seen, each being found in the proximal
muscles sempled in only one patient., This is in agreement with
the findings of Hed et el (1958) and of Havard and his colleagues
(1963). Relatively more fasciculation and fibrillation was seen
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in ebductor digiti quinti. The comparative absence of spontaneous
activity in the thyrotoxic patients reflects the peucity of similar
reports in the literature on thyrotoxic myopathy.

Less than half of the patients tested (42,9%) had a signifi-
cantly reduced ﬁean action potentiel duretion in their abductor
digiti quinti and all of these had evidence of proximal muscular
involvement, This tendency for the proximal muscles to be more
severely affected electromyographically than the distal muscles has
also been noted by FPipberger et al (1955). Thus the electro-
myographic findings reflected the clinical picture, the proximal
muscles being involved in the majority and the distal muscles being
affected to a lesser extent and in a smeller number of patients,

There is still no completely adequate explanation of the
factors which determine the action potential duration in myopathies.
Buchthal and Rosenfalck (1955) pointed out that in normal muscle
the longer duration of the motor unit potential compared with that
of the individual fibre was due to a temporal dispersion in the
summation of the fibres of the motor unit and they suggested that
differences in temporal dispersion could be explained by variations
in the size of the end plate region., Feinstein, Lindaggrd, Nyman
and Wohlfart (1954) had earlier come to the conclusion that the
degree of scatter of fibres of a motor unit could be expected to
play a large part in determining the action potential duration
recorded on the electromyograph, The short durations recorded in
muscles such as the abductor digiti quinti, compared with biceps
brachii (Saceo, Buchthal and Rosenfalck 1962), could probably be
explained on this basis, Sacco et al postulated that the pro-

gressive inorease in action potential with age after the age of 20
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in most muscles was due to a deorease in muscle volume with advanc-
ing years, leading to a closer crowding together of muscle fibres,
This would cause the voltage of the initial and terminal components
of the motor unit potential, normelly picked up from fibres of sub-
units lying more than 0,5 mm, from the electrode, to be greater and
thus more easily recorded. However, they were unable to explain
why this increase in duration with age did not occur in the
ebductor digiti quinti,

The shorter action potential duration in myopethies has been
attributed to the decrease in the number of fibres in each subunit
(Buchthal end Rosenfalck 1963). This might have the effect of
rendering those potentisls emanating from distent subunits undetect-
able to the recording electrode. Theorefically, atrophy of muscle
fibres and a resultant higher density per unit area would be
expected to reverse this effect, In the present study there was
an almost constant reduection in fibre population, yet the action
potential duration was shortened in all cases, Assuming that the
tendency for the voltage to be lowered both on minimel and maximal
effort was true, since H8kansson (1956, 1957) has shown that the
voltage of single muscle fibres varies as the square of their
diemeter, then the reduced action potential found in the present
study must have been due to a decrease in the number of functioning
fibres,

The inereased number of polyphasic potentisls, a well-known
feature in myop .athies, could be due to one of two causes, or both,
A motor unit, which in the healthy pestient gave rise to a long
action potentisl duration, owing to the large temporal dispersion

of subunit potentials, would be expected to show a polyphasic gutline
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if' the number of fibres in each subunit was reduced in an irregular
fashion (Buchthal and Rosenfalck 1963). Sprouting of the terminal
nerve fibres in the thyrotoxic myopathy described by Coers and Woolf
(1959, p. 118), and not yet confirmed, might also give rise to a
raised incidence of polyphasic potentials by causing greater temporal
dispersion, due to slower conduction through immature nerve fibres
(Buchthal and Rosenfalck 1963).

When the presence or absence of clinical weakness in the muscle
sanmpled was compared with the magnitude of the reduction in mean action
potential duration, it was found that those patients with loss of muscle
power in the deltoid had significantly greater EMG changes than those
without. The same relationship could not be shown to be statiastically
significant in the rectus femoris muscle, probably because of the small
mumber of persons with weakness of the quadriceps group.

The reduction in aotion potential duration was greatest in those
patients with the widest extent of muscular involvement (proximal and
distal). Patients with wealmess and wasting of proximal muscles only
had a smaller reduction. Compared with those with eclinically normal
muscles, the EMG changes in the first two groups were statistically sig-
nificant, being more so in the group more extensively affected.

Nerve Conduction

No abnormalities were found of conduction velocity in the ulnar
nerve or of latency at the wrist, despite the report by Havard et al.
(1963) of swelling and beading in the terminal nerve fibres and clubbing
of the motor end plates.

Muscle Biopsy
The results of biopsy show that there was an almost constant

reduction (23%) in the diameter of the muscle fibre with a mean of
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12 miorons, and a consequent higher density per unit area. This find=-
ing has not been reported before, although numerous authors have described
patchy atrophy of fibres (Morgan and Williems 1940, Bartels and Pizer 1944,
Thorn and Eder 1946, Hoffenburg and Eales 1956, Bostrom and Hed 1958, Hed
et al 1958, Whitfield and Hudson 1961, Havard 1962, Satoyoshi et al 1963).
It is possible that in many of the reports in the literature the increase
in sarcolemmal nuclei was more apparent than real, due to the higher
density of muscle fibres. 1In the present series no patients appeared to
have an absolute inecrease of more than 8 nuclei per fibre on cross section
(Adams et al 1962, p. 19).

Muscle histology has been variable in the cases of chronic thyro-
toxic myopathy reported in the literature. Thus normal biopsies have
been reported by Morgan and Williams (1940), Senderson and Adey (1949),
Milliken and Haines (1953), Kite et al (1954), Collings and Lienhard (1957)
and Melville (1959), whereas there have been a rather greater number of
descriptions of pathological changes in muscle (Morgan end Williams 1940,
Bartels and Pizer 1944, Thorn end Eder 1946, Devic et al 1947, Quimn and
Worcester 1951, Whitfield and Hudson 1961, Havard 1962). These
changes have been variable but have usually included, in addition
to inerease in sarcolemmal ruclei, fatty infiltration between the
muscle fibres, fibrous replacement of muscle tissue, aggregations of
lymphoeytes (lymphorrhages), vacuolisation and degmneration of isolated
muscle fibres with phagocytosis. In addition, Devic et al (1947)
found changes in the structure of mitochondrie in the region of the
motor end plate. Although Havard et al (1963) reported no histo-
pathology in 48 biopsies done on unselected thyrotoxic patients, Hed
et al (1958) found abnormalities in 17 out of 18 cases and Satoyoshi
and his colleagues (1963) noted scattered pathologigal changes of
varying degree in 68% of their biopsies. Apart from a reduction in



the diameter of muscle fibres, histological ebnormalities were found
in 23.3% of the 30 biopsies in the present series. The changes
included degeneration of isolated fibres with macrophage and lympho-
cyte infiltration, infiltration of fat between muscle fibres, comnec~
tive tissue proliferation and focal perivascular collections of
lymphooytes (lymphorrages).

The pathology observed by Dudgeon and Urquhart (1926) in the
eye muscles of patierts suffering from malignant exophthalmos was
also found in various skeletal muscles and was very similar to that
described in thyrotoxic myopathy. It is possible that the histo=-
logical lesionz are produced by excess thyrotropin or "exophthalmos-
producing substance" (XKinderen et al 1960). Some evidence that
these changes can be produced by antuitrin T in the absence of
thyroxine was provided by Paulson (1939) using thyroidectomised
guinea-pigs. This work was confirmed later by Dobyms (1946). Of
the 7 patients each with abnormal histology in the present series,

2 had merked bilateral exophthalmos, 3 had unilateral exophthalmos,
one had moderate ophthalmoplegia without proptosis and only one had
no eye involvement.

If en anterior pituitary factor does preduce these histological
changes, it seems unlikeiy that the lesions are the cause of thyro-
toxio myopathy, since as soon as the level of circulating thyroxine
is reduced to a normal level, by whatever fom of treatment, the
patient's strength returns and atrophy disappears, despite the
general inorease in proptosis (see Results) and the rarer development
of ophthalmoplegia, sometimes accompanied by pretiblal myxoedema and
achropachy, all effects attributed to thyrotropin or exophthalmos-
producing substance.



Follow-up
The time taken for the patient to regain normal strength was

the same as that for the achievement of euthyroidism, This
suggests that the weakness was closely related to the presence of
excess thyroxine and not to anterior pituitary factors. Iuscle
bulk took a2 little longer to return to normel, This might indicate
that the muscle atrophy was not the direct cause of the weakness,
but was secondary to some biochemical malfunction of the muscle
fibres, The association of weskness without wasting was oftten
seen in the patients, while the converse was rare,

Within a2 period of four months following euthyroidism, neerly
21l patients had normal creatine and creatinine metabolism eas
evidenced by their levels of excretion in the urine,

In perellel with the ¢linical recovery of the patients, the
follow~up studies showed that 81% of the patients had a return to
normal of their mean action potential duration, and of those whose
duration was still significantly reduced all showed considersble
improvement, Sanderson and Adey (1949) also noticed the gradual
return of short potentials to a normal duration during & period of
several months following treatment,

The percentage of polyphasic potentials found in the FNG's of
the deltoid done four months after the achievement of the euthyroid
state showed a general return to the values found in the econtrol
subjects, The persistence of an abnormal percentage of polyphasic
potentials in the records taken from the rectus femoris may indicate
e slower recovery of that muscle from the effects of thyrotoxicosis,
or permanent damage to fibres in large motor units or might even be

due to the effects of the sprouting of terminal nerves which was
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seen by Cders and Woolf (1959)., Sanderson and Adey (1949) have
also noticed this persistence of polyphasic potentisls, despite a
return of the other features of the electromyogrem to normal,

The voltege increase of the interference pattern found in the
follow-up EMG's of the rectus femoris suggests that there had been
an inerease in the number of functioning fibres following the cone

trol of the thyrotoxicosis,

The Role o ) opat.

An analysis of the cases of chronic thyrotoxic myopathy in the
literature and the results of the present investigation reveal that
on average the symptoms of weakness became apparent one to two
months after the onset of thyrotoxicosis and receded as soon as the
disease was brought under control, That there is a close relation-
ship between thyroid hormone excess and the production of a myopathy
has been seen in experimental animals (Havard et al 1963).

Several authors have shown that mitochondria contain the
mechanisms for oxidetive phosphorylation and the production of the
high energy phosphate bonds of adenosine triphosphate (Green, Loomis
and Auerbach 1948, Kennedy and Lehninger 1949, Harman 1950, Iehninger
1959, Green end Hatefi 1961)., The transformation of oxidative to
phosphorylative bond energy hes been called "eoupling" by Loomis and
Lipmenn (1948). Hoch, in a recent article (1962), has made a com-
prehensive review of the evidence that excess thyroxine produces
unooupling of oxidative phosphorylation and increases the rate of
oxygen consumption, He also noted the connection between the swel-
ling of normal mitochondria, when in the presence of an uncoupling
substance, and the swelling of mitochondris in thyrotoxic tissue,
Hoch (1962) postulated that the net effeet of thyroxine on oxidative
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phosphorylation was the decreased production of high energy bonds
and the dispersion of energy as heat, a feature characteristic of
hyperthyroidism,

It is known that muscular contraction results from the inter-
action of actin, myosin and adenosine triphosphate (4.T.F,) in the
muscle fibrils (Mommserts 1963), Consequently, if the amount of
A,T.P, available were diminished, muscular contraction would be
expected to be less effective, This loss of mechanical efficiency
in thyrotoxicosis has already been shown by Plummer and Boothby
(1923) and by Smith and Whalen (1960), Recently Shinosaki ot al
(1963) discovered a direet correlation between loss of muscular
strength and the decreased A,T,P, content of thyrotoxic muscle
obtained by biopsy.

Fhosphocreatine is necessary for normal musele contraction,
Its probable role is in the immediate resynthesis of A.T,P,, acting
as the donor of a phosphoryl group to adenosine diphosphate (Thomas
1963, p. 307). A reduction in phosphocreatine was found in thyro=-
toxie muscle by Shinoseki end his co-workers (1963). This
decrease probebly is mediated by the direct inhibiting action of
excess thyroxine on creatine phosphokinase (Askonas 1951)., The
ingbility of the cell to resynthesize phosphocreatine is reflected
in the raised serum levels (Shinoseki et al 1963) and the increased
urinary excretion of creatine, as well as in the decrease tolerance of
thyrotoxic patients to ingested creatine (Thorn and Rder 1946,
Wilkins end Fleischmann 1946). An adequate amount of intracelluler
potassium may also be a necessary factor for the formation of phos-

phooreatine (Grob, Liljestrand and Johns 1957, Shinosaki et al 1963).
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Since creatinine is a breakdown product of phosphooreatine,
it is not surprising that its exeretion is reduced in thyrotoxie
patients, The finding of a low or absent exeretion of creatine in
some patients with myopathy (Zierler 1951) has been attributed by
Hoch (1963) to the failure of synthesis of creatine in the liver
and kidneys, This requires A,T,P, for the transfer of a methyl
group from methionine,

The role of pyridoxine (Wohl, levy, Szutka and Maldia 1960)
and thiemine deficiency (Williams, Egana, Robinson, Asper and du
Toit 1943, Shinosaki et al 1963) in muscle metabolism have not yet
been elucidated,nor is it clear whether the atrophy of muscle
fibres contributes to the muscle weakness of hyperthyroidism, or
is a phenomenon which is secondary to the biochemical dysfunction,
One thing is certain, and that is that the rate of protein syn-
thesis is decreased in thyrotoxicosis (Hoch 1962).

Intracellulaer fluid is normelly hypertonic with respeet to
the extracelluler fluid (Keele, Neil and Jepson 1961), and mainteins
a high concentration of potassium and a low sodium compared with
the latter. Energy is necessary for the extrusion of water against
en osmotic gradient and for the maintenance of normal concentrations
of potassium and sodium against high diffusion gradients, If the
emount of energy availeble were diminished by the action of excess
thyroxine, according to Hoch's hypothesis (1962), the selective per-
meability of the cell membrane might be expected to break down to
some extent. Green and Matty (1962) have shown that increased
permeability to water is produced by thyroxine, That this also
occurs for other substances may be inferred from the finding in

thyrotoxic muscle fibres of a reduction in potassium of 21% and a



doubling of the sodium content, as well es a decrease in aldolase
and lactic dehydrogenese (Shinosaki et al 1963), lNo information

is aveilable sbout the intracellular content of chloride in thyroe
toxic muscle, Total body water has been found to be abnormally
large in some cases of hyperthyroidism (Staffurth 1962), which would
be expected to cccur if water diff'used across cell membranes,
However, Shinoseki et al (1963) found a slight decrease in intra=-
cellular water in thyrotoxic muscle and further work needs to be
done to clear up this point,

The presence in thyrotoxicosis of a low muscle potassium and
a high sodium concentration might explain the connection between
this disease and the hypokalaemic type of periodiec peralysis.
MeArdle and Merton (1952) and Conn and Streeton (1960) have found
similer abnormalities in the muscle of patients between attacks of
paralysis, A reduced total exochangeable body potassium also has
been noted in both conditions (Conn and Streeton 1960, Staffurth
1962), It is tempting to suggest that the changes produced in
thyrotoxic muscle initiate attacks of periodic paralysis in those
who have a latent disposition to it, This also wﬁuld explain why
the attacks usually cease once the hyperthyroidism is treated.

No speculation can be made about what effect the ionic changes
in thyrotoxic muscle should have upon the resting membrane poten-
tial, since the full facts about the intracellular content of water,
chloride and several other ions are not yet known, It should be
possible to measure the resting membrane potential in vivo, as this
already has been done in patients with hypokalaemic periodic paraly-
sis by Shy, Wanko, Rowley and Engel (1961) and by Creutzfeldt,

Abbott, Fowler and Pearson (1963).



If any alteration in membrane potential does exist, it alse
would affect the motor end plates and thus interrupt neurcmuscular
transmission sufficiently to render overt those patients who had a
predisposition to myasthenis gravis, Additional factors linking
myasthenia gravis and thyrotoxicosis depend on the auto-immune
theory first put forward by Simpson (1960), If there was damage
to or alteration in motor end plate structure, es has been described
in thyrotoxicosis (Havard et al 1963), it is conceivable that anti-
bodies to end-plate receptor protein would be produced by the thymus,
The frequendy with which the thymus is enlarged in both myasthenia
gravis and thyrotoxicosis has already been remarked upon in the
Introduction to this thesis, and there is some tentative evidence
that antibodies to motor end plate do exist in myasthenia gravis
(Strauss, Seegal, Han, Burkholder, Nastuk and Osserman 1960, Beutner,

Witebsky, Ricken and Adler 1962).
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SUMMARY AND CONCLUSIONS

A comparison of 73 cases of chronic thyrotoxic myopathy
recorded in the literature with 54 consecutive, unselected thyro-
toxic patients investigated elinically, electromyographically and
by nmuscle biopsy suggests that no real differences are apparent
between the two groups other than those of degree, Tifty per cent
of the patients had some eomplaint of muscle weakness and, on
examination, 81.5% had evidence of loss of power, usually accom=
panied by wasting, There was a marked predeliction for proximal
muscles, especially extensors, distel muscles being involved in
only 18,57 of the patients, The distal weakness always occurred
in association with involvement of proximal muscles,

92,6% of the patients showed a significant abnormality in
electromyograns done on proximal muscles, Of the examinations
performed on a distal muscle, abductor digiti quinti, only 42,9%
were abnormal, The criteria employed were a statistically signifie
cant reduction in mean action potential duration, compared with the
predieted for any given age, The mean percentage of polyphasie
potentials in thyrotoxic patients was significently higher than in
the controls, The amplitude of potentials obtained on minimal
effort was normal, but there was some evidence of a reduction on
maximal effort, when en interference pattern was obtained in all
but 3 cases, These 3 showed a mixed pattern, Spontaneous
activity was an inconspicuous festure of the electromyogram in
thyrotoxicosis, There was a good correlation between the severity
of the eleetromyogrephic changes and the extent of the muscular
involvement, No abnormality of nerve function was revealed by

conduction studies.
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Creatine excretion was usually increased and that of creati-
nine diminished. Serum potassium and calcium estimations were
unremarkable and did not add anything to the investigation,

Muscle biopsies, performed on 30 of the patients, revealed
an almost constent reduetion in the size of the muscle fibre, The
mean diameter (41 microns) was 12 microns less in thyrotoxie
petients than in the controls (53 microns) and the fibre population
per square millimetre was raised, Muscle histology was abnormal
in only 23.3% of the biopsies and the changes were similar to those
already desecribed in the literature.

Full strength returned as soon as the patients became euthy=-
roid, emphasizing the close relationship between excess thyroid
hormone output and muscular weakness., Electromyograms showed a come
plete return to normal in 81% of the patients and the rest had
improved considerably, although there was a persistently increased
nunber of polyphasie potentials in some patients. Creetine and
ereatinine excretion returned to normel in nearly all cases,

The findings in this study fit in well with the concept of
thyrotoxicosis as a disease of mitochondria, in which there is a
reduction in available adenosine triphosphate, owing to the uncoupl-
ing of oxidative phosphorylation by excess thyroxine, The muscles
which are richest in mitochondria are those which contain a prepon-
derance of red muscle fibres and are used for sustained effort, and
it is these muscles, particularly the extensors, which are the most
commonly affected in thyrotoxicosis, The distal muscles, contain-
ing largely white fibres and more concerned with quick, infrequent
movements, are less richly supplied with mitochondria and rely

largely on anaerobic glycolysis as a source of energy. These
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muscles were shown to be less frequently involved by weakness and
westing and to have a much lower incidence of electromyographie
change,

It is suggested that myopathy occurs in virtually all thyroe
toxic patients, its recognition depending largely on the thorough-
ness with which muscle weakness is looked for, and on the evaila=
bility of analytiecal electromyography. The constant nature of
the muscle lesion in thyrotoxicosis and the recently discovered
ebnormalities of cell chemistry may explain why both hypokalaemic
periodiec peralysis and myasthenia gravis are more common in this
condition than would normally be expected.
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Appendiy Table
The patients hlstory and examination.

. =
Duretion puration [ T T
of thyro- Fasel- |, , Weight Proptosis
Name| Case|Age Sex|Occupation| toxic |Symptoms of weakness . Muscle atrophy luscle weakness | cula- Wedght loss |Reflexes |Goitre mm. Other pathology and
No. |yrs. weakness lbs. comments
symptoms noithe tion 1bs. R. [L.
months
M.B. 1| 42 | F |[Housewife 3 0 0 0 0 0 107 7.5 | Brisk |Diffuse| 8 8
Mo 2 | 48 | F [Cleaner L Legs weak when going 11 Quadriceps ++ Infraspinatus ++ 0 122,5 18 | YNermal |Diffuse |18 17
: up stairs Quadriceps ++
oL 3 | 25 | F |Housewife 7.5 |Weakness of thigh 8 Triceps ++ Iliopsoas +++ 0 133 7 | Brisk Diffuse 10 10
- mvscles while going Triceps ++
: up stairs )
E.C. L | 47 | M |FPetrol 1:.75 0 0 0 o} 146 3 | Normal |Diffuse|15 15
0 checker
E.K. 5 | 60 | F |Dressmaker 2 0 0 0 0 0 126 14 | Brisk Slight Partial thyroidectomy
' enlarge- 27 years previously.
ment R.
lobe
F.R. 6 | 22 | F |Tobacco 12 0 0 Supraspinatus ++ | Supraspinatus + 0 9k 18 | Brisk Diffuse |15 15
worker Infraspinatus ++ | Infraspinatus ++
Deltoid ++ Dedtolid +
Quadriceps + Eiceps br. ++ f \
Triceps ++ :
Iliopsoas ++ r
s (uacdriceps ++
B, McM ., 7 |57 | F |Farm and 20 Aching and weakness of 4 Supraspinatus ++: | ‘upraspinatus ++ 0 93 19 | Normal | Nodular|18 18
housework - shoulders and upper Infraspinatus +-| Infraspinatus ++
, arms Deltoid +i+ I eltoid ++
Biceps br. ++ ! ectoralis
; Triceps ++ rajor ++
J.H. 8 | 37 | M |Stores 12 Generalised weakness 5 0 0 0 182 35 | Brisk |Diffuse|16 13
: clerk
R.S. 9 | 53 | ¥ |Bus 3 0 0 0 0 0 132 9 | Normal |Diffuse|18 6
2 conductor
F.C. 10 | 38 | F |Shop 8 Generalised weakness A Supraspinatus +++ | Supraspinatus ++ 0 100 20 | Brisk Diffuse| 14 1,
assistant Infraspinatus ++! | Infraspinatus ++
Deltoid -+++ Deltoid -+
—_ Triceps ++ Triceps ++
[M.D. 11 | 50 | F |Housewife () 0 0 Supraspinatus ++ | ‘upraspinatus + 0 147 14 | Normal | Diffuse| 16 16
Infraspinatus ++ | Infraspinatus +
Deltoid ++ leltoid +




Appendix Table 1

eontinusd .

T —

T Duration Duration Fasede lresght Progtosts| other
of thyreo=- of cula~ | Felght | loss uRy Pa
RET ) ;‘: Sex|Osoupation | toxie Eymptons of weakness weakness | “Yuscle straphy Yusele weakness tion ibe, | lbs, Reflenee |Geitre Re| Le|ology
* 3 s wptoms months and
nonths OOt~
=ents
Weho |12 | 48 | F |Housewife 3 Diffieulty lifting with 2 Supraspinatuss Supraspinatuses ¢ 115 12.5 | Brisk Diffuse| 13| 13
arus and keeping arus Daltoids Deltoidse
above head. Triseps. Tricepss+
Rigeps br.e+
Seigk. 13 | 52 | ¥ | Barman 8 (/] 0 Suprasiisstuges [v] 126 | 20 Normal |Diffuse| 21| 20
Re Deltoide
Ede |th |26 | P | Tobasoe 1" Weaknass of arms when
- orkey brushing hair. 1" 0 0 0 116 | 20 Hormal |Diffuse| 14| 13
Tole |15 |64 | ¥ | Boilerman 2.5 Yeaknoss of arms and 2,5 | Supraspinatusess | Supraspinatuss+ ] 100.5| 19 KoJo |Diffuse| 94| 43
hands first, them Infres;in tesess Infraspimatuses norsal
generslised., Pegtoraise.s Pestorala++
Deltoldes ferratus anteriore Ade
Bloeps br..«e Deltoides absent
Themar suseie: Riceps br.+e+
Interossscus Triceps:++
suseles of handses| Flexors of wriste
Cluteds e Extensors of wriste
Jusdri o dees Thenar suseless
‘nterosseocus mussles
of hande
Glutedss
vuadricepss
Hamstringss
MeSe [1€ |50 | F | Howsewife 8 Yeakness of thighs. 8 Supraszingtusess Supraspinatuses 0 HmsS| 25 Horwal |Diffuse| 15| 15
Unable to go upstaira, Infraspinatusess Infraspinatusss
Deltoid: s Sermtus anteriorve
Blospa br.ee Deltoides
Triceps++ Biceps br.e
Luadriespgen Tricepass
Tliopsoeass
Luadricepss
e |17 |69 | ¥ | Housewife 2 Legs tired whem walking, 1 Supras yiretuse Supraspimatuse 0 116 | 16.0 | Dimin~ | Only | 1%
espesially thighs, Iafranpinatuss Neltoids ished Just
Biceps dr.e Sieeps br.e pale
Trisepse Triceps+ pable
Tliopsoas




Appendix Table ' ocontinuved.
of Shrre i Fasei Wedgnt roptosis
' of thyro- Duration sei= :
[Name c;" ;5' Sex |0soupation | toxie Pymptons of weakness| of | Musole strophy | iusole weakness | oula- w;::“ loss [Reflexes|Goitre | ‘=  |Other pathology and
0. Traq . symptoms wsaknssn - tion * | 1vs. Re [Ls comments
Months Months
SeA. |18 | 64 | M |Shopkeeper 3 0 0 -0 Supraspinatus+ 0 202 413 | Brisk |Mainly |46 (46 |Jacksonian
Deltoids+ L.Lobe epilepsy.
Biveps br.+
Triceps+
Yliopsoas+
H.Be |19 | 66 | F |Housewife L Arms tired, diffi- L Supraspinatus+++ Supraspinatus+ 0 116.5 L6 Normal |Diffuse 14 |12 Simultaneous onset
ty putting Infraspinatus+++| Infraspinatus++ of Diabetes Mellitus
on shelves, Deltoide+ Deltoid+ Ophthalmoplegia,
Legs weak going Biceps br.++ Triceps++
upstairs. Tricepa+++ Miopsocas++
Hypothenar me++
Thenar m.++
Clutei+++ d
PMe (20 | 39 | P |Civil Ser= = 8 Unable to 1ift 1.5 0 Biceps bre+ 0 145 21 Normal |Diffuse 13 | 13
vant ights as Trioeps+
easily as
ore.
DPe |29 |70 | F |Retired 3 Legs weak 0.75 Supraspinatus+++| Supraspinatuses 0 112 14 Dimin-
Arms tired Infraspinatus+++| Infraspinatuss+ ished
L. Quadriceps++ | Deltoids
Tyrioeps+
Ouadriceps+s
E.X, |22 |38 | M |Factory 5 eakness of arms 4 Supraspinstus+s+| Supraspinatuse+ 0 136 28 | Brisk |(Diffuse/17 |16
Supervisor E:uo lifting Infraspinatus++ | Triceps++
ights Deltoid++ Clutei+
Triceps++ Iliopsoas+
Gluteis+s Ouadriceps+
I.MeCy23 | 53 | F |Housewife 4 0 0 0 0 0 132 8 Normal | Just (11 |11
pal-
pable
SeMe |24 |56 | M |Fitter 3 |Aching of thighs 2 Supraspinatuses+| Suprespinatuses+ 0 118 21 Normal [Diffuse(13 |13
ral tiredness Infraspinatus+++| Infraspinatuses+
Deltoid+++ Deltoid++
Biceps bre++ Bioeps br.+
Trioeps++ Triceps++
Glutei++ Flexors of wrist+
Quadriceps++ Extensors of
wriste ’
Iliopsoas+
Ouadriceps+




Appendix Table 1 continued,

- - ‘.F“ o o
% Puration - I.,,,,. Proptosts
2 Lma-J
Hee 250 ;:Jln w«:@: Sysptons of weakness|  °F #usele atrosby | Wesele wekuoss foulse | jen loss Gottre | PR e
l' II m - &
G425 (95| B vy 12 Veukness of ams 12 ¢ Infraspiratusss | © 149 0 Just | 21 |22 |Ophthalmoplegia
Eﬁ- while working ‘ Biceps bree palpable
Tricenses
: iliopsoass+
Ve 26 | 52 (¥ [Mousewifc 15 General fatigue 1.5 Supraspimtusse | Supraspinatuse 0 98 | 18 |[Nomal [Diffuse | 12 |42
Infrespintuts: Inf'regpinatuse
Tricepss Rioeps br.e
Tricepee
- | fiicpscase : —
Folol 27 | 55 | M [fawmer 5 0 ' 0 0 Tricepse 0 154 6 (Wownmal | Just |41 |11 |Redicvetive iodine
palpadble trestuent 13
; - Concurrert Diabetes,
M 28 | 35 | |Housewlfe 3 Dapinvia,plosis 0.9 Pepornlisees Sspuqtutn» 0 | @2 | 32 | Brisk Diffuse | 15 |42 |Conourrent
Bupraspinatuges af'recpirmtvues : Iyasthenia gravis
Tnf raspinatume deltoids and
Deltoide+ Liceps bree Ophthalroplegia
Biveps Dresse Trioepses .
Tricapssss Extonsors of
GCluteises wriste
Gluteis
| _| Dicpscasr . -
Wele|29 | 53 |7 m 1,75 |Legs weak and 1.253 | Swpraspimtuss | Supraspinatuss 0 112 | 18 |Normal ["Adepoma" 14 |13
s%ant painfal Indrespinasugis Infmspinature L. lobe
Rerratis Serratus
antariore+ antoriore
Deltoide+ Peltoids
Bicaps s Biceps bres
Triogpass Tricepss
a4
TeSe[30 | 49 | aghdce N ieakness of 2 Supraspinatuses | Supmaspimatuse 0 W7 | 21 [Sowmal | Just |44 (46 |Rightesided
man Lo, imstuss- | Deldolde palneble Parkiasonisa for
2408t wtingabls Daltoides 10 years,
: on Ataira. _— _ o=
HeLe|31 | 30 |¥# |Housewife 6 0 ) 0 ] 0 122 | 48 |Mommel | Just |13 (45 |Permiocious anaemia,
palpstie Piabetic for 11 yrs.
On Insuliae.
- Opithelacplegia.
HeBe[32 | 52 |F [Houtswide 'Y [+ 0 ) Trloepse & 105 | 16 ([Normad [Diffuse |¢5 |15
Bole|33 | 20 |F [Sausage 1,28 ) 0 G |iwespinatnsess| O 136.8 6 |Brisk [piffuse |13 |43
1inkayr inragpinstusess
Deltoidess
Hicepasss
Tricepsses




Appendix Table 1 continued,
o tion uration Fasci=- k “TProptosis
eight
thyro- of cula- |Weight mm, Other pathelogy
Name [25° [A6¢ Sex Leeupa toxie Symptoms of weakness |weakness Musele atrophy Muscle weakness | tion 1bs, 888 Reflexes _Mt" r. L and comments
No. [Yrs. Souh 1lbs, = .
lMonths
Months
JeTe |34 | 31 |F |Veaver 8 0 0 0 Left Deltoid+ 0 128 17 Brisk Diffuse| 14 (14
Le.Supraspinatus+
Tliopsoas+ .
CDe |35 |15 |F | Unem= 0.5 0 0 0 0 0 13558 3 Normal |Diffuse| 18 |16
ployed
M.Mel{ 36 | 48 | F | Housewife| L 0 0 0 Tliopseas+ 0 121 5 | Brisk Irregi= Partial thyroid-
lar ectomy for toxic
enlar- goitre 11 years
gement before,
of both
lobes
Jule [37 [ 36 [ M |sShipping | 1.25 0 0 0 Left Triceps+ 0 138 | 21 | Brisk |Diffuse| 16 |14 |Ankylesing
Agent spondylitis.
HeTe (38 | 58 | ¥ | Housewife| 4 0 0 Supraspinatus+s Supraspinatus++ 0 148 | 17 | Brisk |Diffuse| 13 |12 |Radical mas=
Infraspinatuses Infraspinatus+ tectomy for
Deltoid++ Deltoid++ carcinoma 11
Bioeps br.+ years before,
Triceps+
Iliopsoas+
Hede |39 | 25 | F | fouse= 9 0 0 0 0 0 146 8 Normal |Diffuse| 17 (15
keeper
DeCe |40 | 65 |F | Housewife 4 0 0 Supraspinatus+ Supraspinatus+ 0 132 35 Normal Ir- 11 |10 [Partial thyroid--
Infraspinatus+ Infraspinatus+ regular ectomy for toxie
Deltoid+ Delitoid+ goitre 10 years
Biceps br.+ Bieeps br.+ before.
Triceps+ Triceps+
Lliopsoas+
Eie (41 |48 |F | Rayon 3 0 0 0 Supraspinatus+ 0 105 18 |Brisk |Diffuse| 16 (16
worker
EJi, |42 |53 | F Shop 6 Legs weak while going 2 Supraspinatuses+ Supraspinatus+ 0 98 | 27 | Brisk Diffuse| 14 |14
Asst, upstairs, Diffieculty Infraspinatus+++ Infraspinatus+
lifting heavy objects. Deltoid++ Deltoids
Triceps++ Bioeps bre+
Triceps+
Iliopsoas+
Sele |43 |60 |F | Retired 5 Tiredness of upper 3 Supraspinatus+++ Supraspinatus++ 0 82 29 Normal |Diffuse| 14 |13
amms, espsclally Infrasvinatus+++ Infraspinatus+
when hanging Pectorals+++ FPeotorals+
eurtains. Deltoid+++ Deltoid++
L




Apperdix Table 1

continued.

- i Durati f T |
on
oy L of thyro= i Fasode |uo. o w.ith Proptosis | other pathology
Name ['25€ 389 |sox|Oocupation| toxic |Symptoms of weakness Musele atrophy| Musele weakness | oula- loss | Reflexes Goitre v and comaents
No. |Yrs, weakness 1bs.
symptons Months tion lbs. R. | L.
Months
Sele |43 Biceps br.ees Biceps br.++
contd. | Trigep s+++ Triceps++
Thenar mes+e Flexors of
Hypothenar me.++4 wriste
Glutei+s++ Extensors of
wriste
Thenar m.+
Hypotherar m.+
Giuteds
Iliopscags+
. Quadriceps++
A.C. |44 (62 | P |Housewife : 5 Generalised 7 Supraspinatus+++ |Supraspinatus++ (4] 92 9 Brisk |L.Lobe 23 |22 R.Lobectony for
Infraspinatuss+e |infraspinatuses toxie goitre 25
Serzatus Serratus years before.
anteriorsss anteriors+ Mitral stenesis.
Deltoids++ Deltoide+
Biceps br.++ Biceps br.++
Triceps+++ Tricepas+
Thenar m.+++ Flexors of
Quadriceps++ fingers+
Thenar mes
Iliopsoas+
M.Be |45 |55 |F |Housewife 1 0 0 Deltoides Supraspinatuse+ 0 111 9 | Wormel |Diffuse| 16 |15
Infraspinatuse
Pectorals+
Deltoldes
Bieeps+
Triceps++
|Tliopsvass+
Hée |46 |67 |F |Housewife 3 0 0 Supraspinatuss 0 0 141 35 | Normal |Diffuse| 12 |11
Infraspinatus+
IMe |47 |40 |F |Housewife 12 Tired, aching legs 18 Tenporalises+ Sternomastoidss 0 119 21 Brisk |(Diffuse 1119
while walking. Sternomastoids«s+ |Supraspinatuse+s
Unable to brush Supraspinatus+++ |Infraspinatuse++
hair, Infraspinatuse++ |Serratus
Deltoldes anteriors
Bisepa+s Deltoids+s
Tricepsis+ Triceps++e
Thenary m.++s Extensors of
Hypothenar maes wrists
Thenar m.+
Iliopsoass+s
B.B. (48 (27 |M [Fitter A Loss of strength 4 Supraspinatuss++ |Supraspinatuses 0 163 42 | Brisk (Piffuse | 17 (17
in arms and legs. Infraspinatusss+ |Infraspinatuses
Deltoid++ Bicepus
Biceps bre.+e Triceprs++
Triceps++ :
Quadriceps+s




Appendix Table 1 éontinued.
3 Duration L
- of thyro- Fapstom Pasol~|wergnt "sicht Proptosis | other pathology
Name 50 lsex toxic |Symptoms of weakness : Muscle atrophy | Mussle weakness |°\%" | 1bs, Reflexes | Goitre - and comuents
No. Era. weekness tion 1bs.
symptoms Months Re (L
B Months ; _ '
HeSe (49 |42 | ¥ |Timber 2, Legs and ams tired. 2 Teasporalisss+ $ternomastoidess 0 |104,5 | 745 |Nommal |[Diffuse| 16 (15 |Gymaecomastia.
Checker Unable to 1if't amms Sternouastcide+s | Supraspinatuses+
above head. Supraspinatuses++ | Deltoide++
Infraspimtusi++ | {umable to lift
Deltoidess right arm above
Biceps br.ses shoulder).
Tricepsess ' Biceps br.++
Extensors of Triceps+++
wristes+ Extensors of
Thenar mes+ wriste
Hypothenar mees Glutedis
Interosseiss
Gluteives
EJdie| 50 |69 | F |Housewife| 24 0 0 Supragpimatuss+ | Supraspinstuse 0 96 21 Brisk |Nodular| 40 |40
Infraspinatuss+ | Infraspinatuse
Deltoide+ Deltoids
Biceps br.se Biceps br.+
Tricepses+ Tricepss
Gluteies Iliopsocas++
RQQM”
Mo | 51 |39 | F [Barmaid 9 Weakness of legs 1.5 0 Supraspinatus+ 0 |155 8 Normal |Diffuse| 12 |12
going upstairs, Infraspinatuss
Deltoide
Biceps br.+
Tricepss
Iliopscas+
Hamstringse
Re8e| 52 | 41 | F |Housewife 9 0 0 o Suprespinatuse 0 136 1" Brisk |Diffuse| 13 | 13
Deltoide
L.Eliopscases
JN.| 53 |64 |P |School- 3 [ ) 0 Biceps br.+ 0 |15 9 Normal |Nodular| 12 |12 (Pernicious ansenis
teacher Iliopsocase for 6 years.
F.u. 54 |60 |F |[Housewife 2, (Tiredness of 12 | Supraspinatuses Supraspinatus++ 0 | 108 32 Brisk |[Diffuse | 13 | 12
thighs, Infraspinatus:+ Infraspinatus++
Deltoides Deltoide+
Biceps+e Biceps bre++
Tricepse+ Tricepss+
Tliopsoas++




113 sputies 132 - i | 2ne L
Thyrold Uptake 5 T index [P.B.I 1% |Thyredd R, | SRS Electrocardiogrem  |Prandiel | Serum | Serem  |Urinary
b hre | 2 hee |48 hr. dose/litre | UPtake ¢ .. % RBlood Caloiun |Fotasstun (Creatine [reatinine
, plagma 2 hrs. Bge | Glm;o nge ¥ | me09/ls |mg./20r. | g/ 2hr
Bfe
50,0 |67.5 |67 23.4 finus tachycardia. Left 112 9.6 140 720
' ventrioular hypertrophy.
Ghe? | 76,2 |7141 45.3 0.9 finus tachycardia 90 10.4 230 1260
769 | 679 |51.6 8.5 2.8 fimus tachycardia. Left % 10.3 heb 360 7350
ventrioular hypertrophy.
T
b3 (588 |57.2 20.6 05 fimus tachyoardia. Left 93 10.5 5.5 6,0 1440
. veatrioular hypertrophy.
L75 | 595 | 455 9e7 2,0 10,8 |Atrial fibrillation. R 10.0 b6
Lel't ventrioulay
hypertrophy.
6 | 709 |T775 |hat 58.0 106 fious tachyoardia 108 9.7 3.7 8,0 1140
8 | 70,0 |79.0 |[B1.2 42,0 0.3 13.4 |0fimus tachycardia 10.5 beb 230 1070
9 | 73.8 |88.7 |72.0 1046 115 945 b | 530 1370
"] 7042 15.0 |0dmus teohyoardia 90 9.7 89 | 800 860
86,0 |78,0 |68.,0 295 08 9«7 [Pimue tachycardia. 03 0 10.8 5.0
2 flat I, aVL and '
chest leads,
750 | 7785 |7hat 54,2 13.4 9.7 Lok 431 50k
9066 | Bhek | 7746 712 1.0 Gims tachycardia 108 1046 2e0 70 930
56.9 |77.8 |80.0 38.8 Colsb 9e5 12 102 bt 190 1095
950 | 0648 | 0540 1427 1543 |fitms tsohycardis 90 10.0 3.0
e |67.9 |[504 b7 he32 simus tachyeardis, Left 130 10,5 PN 70 800
ol . vertricular hypertrophy. _
5240 6240 66,0 14749 13 ' 1244 17 119 L3
+ 48 f¢rdal fibrillation 170 10,6 42 80 1340




Appendiz Teble 2 econtimved,

1 131 seudies | 2 by,
Thyroid Uptake % © 4B hre o 48 | cerun Pl:“m Serum Seorum Urinary Urinary
Cane == T4 - Polala! Thyreid B.M.H. Lo Hleatroeandi Blood | Calcium | Potassium |Crestine |(Creatinine
Mo | & Bre | 2 hwe 48 hre | T ANEE | gog/litre | Uptake | o |ooos - Glmeos | B8 S | meoe/de |mgs/TRrs | ng/BNe.
phﬁ 2 hre. Hie ’
1 70 £8.8 L6 113 [Simus 18,6 o5 LS 160 560
9 |70.9 |78.8 5  [Mnet Sunlgmatta )
20 | 86,6 | €84 | 81,0 115.0 135 Sirws tachycandia 100 bl 250 880
ﬁml. eotaopios
29 | 764 | B3 | 75.0 1.7 +36 Simus tachycardia. Lef't 9L LS 300 860
. hypertrophy. -
22 (79,0 | 4085 | 3.8 1heS 3405 260 %20
23 | 448 | 6.0 | 63.0 16.8 0.15 12.6 |0inus techycardia 95 3.7 360 1030
2 | el | 7540 | 6340 2148 24 10.7 | “trial fivrillation 78 9eb bof 110 1120
Left ventricular
W-
25 (68,0 | 78.0 | 7.0 99,0 0o 104 | finus tachyoardia a8 9.0 540 1760
26 | 6B, | 92,0 | 88.0 33,0 0.58 9.5 |finue tachycardia. Left 9.6 L8
ventricular hypertrophy.
27 33.6 | +28 9.9 |fimus rhytha, Slight Tiabetic 10,0
left ventriculay
Lu Tt -
15.2 |Cimus taohyoardia. Left 34 93 L9 530 770
. [ventrioular hypertrophy. o
2 [79.0 |82.0 | 7.0 53,0 1.8 11,6 [9imus techyosrdia, 102 9.9 5ol 120 760
T aVL flat.
30 | 39.0 | 58.0 | 6640 3244, 06 29.7 1540 |Atriad flutter ™ 10.0 b 560 50
3 46,0 | 63.0 | 65,0 0,65 +67 7.2 |Simus teohyoardia Diabetio 10,6 540 590 1010
350 | e 5348 1.0 "a;. VL 110 104k 7 Y
33 (539 (705 |69 38,5 (Y “dnus taohycardie 106 10.0 39 270 60
B (87,85 (8785 | 795 5547 1,19 Sinus taohyoardia. Left 136 9.9 bl 200 470
me M
35 6741 15.0 |fimus tsciyoardia 110 10.3 be2 120 300




Appendix Table 2 oontinued,
1 197 Studies |4 132 2 hr,
. ] B 1 _ Post
;:' Thyroid Uptake % p.B.1.131% | Thyroid Serum Prandial | Serum Serua | Urinary | Urinary
¢ '# - ra ne. | 48 hr. | T index ‘; S P Uptake [B.M.R.| P.B.Is llectrocardiogram Blood | Caleium |Potassium | Creatine Creatinine
° . . ’h""n 2hrs, | % nge’ !Gl\ae.;o ngdh ngot ng/2hhr, | uge/2hhr.
ng
57.6 +& | 8.9 | 8imus tachycardia. Left | 176 9e7 3.7 110 1060
ventricular hypsrtrophy.
37 | 46.0 | 61.0 | 54.0 124 0e3 13.0 | Simus tochyoardia, 125 10.5 405 180 1200
8light left ven~
tricular hypertrovhy.
38 87.0 | 1.0 114 | 8isus tachycardia. Lef't 128 10.6 L0 55 990
vestricular hypertrophy.
39 84 41 Sigus tachycardia, Left 90 9.9 4.8 50 940
veatricular hypertrophy.
40 59,0 | 78,0 | 75.0 4545 1.16 11.0 | 8imue tachycardia, Left | 118 949 37 8 1000
ventricular hypertrophy.
41 8,.8 | 71.0 | 62,0 40,5 be2 6.4 | Sinus tachycardia., Left a, 9e7 L8 150 810
ventricular hypertrophy.
‘Iz 7200 78.0 72.0 8.2 2.0 13.‘ Left ventricular 909 ’l’
| hypertrophy.
L3 90,0 | 84.5 77.0 b3 8- 2,0 15.0 | Bimus tachycardia 126 9.8 hel 14,6 650
“ 7500 8000 8200 &-0 5.2 7.7 M;ﬂ.ul ﬂmaﬁm. 110 9.’ &..O
8.7. segnent
Wmo
L5 70,0 | 83.0 11.0 | 8isus vhytm, 0.7, 11.6 L7 180 920
depression in II, III,
av¥
W6 5540 | 72,0 | 68,0 16,6 Sinus tachycardis, Left | 112 1042 he2
rrtmtﬂuhr hypertrophy.
57 68,5 | 815 | 75.5 6465 Simus tachycardia 14 946 34 170 760
Q aVL, flat T
49 6640 | 40,0 | 21, 213 3.8 S8ims techycardia 80 9k 33 50 1210




Appendix Table 2 continued.

| 119 seudies 1132 2 hr
48 Thyroid Serus
Gose |  Thyroid Uptake % r.n.z.g‘fi Uptake |B.i.R PuBels Hleotrosurdiogran | Toroial| Serua | Serum |Urinary | Urimary
* | & bhre |24 hr, hr, [T index dose/litre | 2 hrs, | ¥ ngal Glucose | Colcium | Potassium |Creatine | Crestinine
plosma nget ege nget |® o | ugy/hr
50 | 41.5 | 56.0 | 57.0 | 12.0 ‘23 | 848 |Ateial fibrillation. 120 10.3 ko3 35 290
Ventriculer ectopios.
51 | 7u.9 | 86,2 | 83.3 0462 +37 Simus tachycardia 108 9.5 4ol 510 1280
52 | 63.5 | 7140 | 62.0 | 65.0 0.67 “inus rhythm 160 1.0 P A0 1220
55 | 7045 | 768 | 7%.0 | 194 0.5 t (1440 | Atriad fidrillation 122 9eb 5.0 40 1270
(with bouts of
paroxysmal atrial
fivrillstion).




Time legs could be maintained in elewation by ﬂgrom
patients before and after edrophonium ( Tensilon).

leg raising (average of both legs) secs,

No. Before edrophoniwm After edrophenium
” 621.5 B’
b1 Fi] 120
32 %0 130
33 60 60
34 40 20
36 5245 50
7 775 72,5
38 5745 60
39 5745 52,5
40 3745 52.5
a2 52.5 80
43 32.5 30
U 775 85
45 975 150
46 b o
47 10 22.5
4B 65 475
7 6245 475
33 2.5 82.5




APPENDIX TABLE L
The patients Electromyogtaphy before and after treatment

Electromyogrem while Thyrotoxie

Eleotromyogram 4 months af'ter becoming euthyroid

- _ = Y ;
NN R e .
Noe Sampled m‘no.or_m Totel[No. of Mean|. v fotivi : effort rotal |No. of Mean |Totel lNo. of Wean o -1 o tivity effort
oB2C,.| Potls, m.sec,| aw, Potls.| av, oSeC, Potls, m.see, uv, Potls, v,
1 (42 | Re Delts .].208 2 | 8.7 | 4220 24 | 175 € 20,0 ) IoP. |24 | 25 | 9.7 | 3290 2 | 137 4| 3.8 © o | o
2 |48 | R, Reot. Feme267 | 33 | 8.1 | 4880 33 | 148| 5 13.2 I.Pe | 489 | 37 |13.2 | 5570| 37 | 150 5 Hj 0 0 0 IePe
325 | Rorriceps [156 | 20 | 7.8 | 2270| 20| 113/ 8 28.6] o | o | o | zw.|am | 40 [10.6 | so70| 39 | 130 5114 o o| o | rr.
4 |47 | R, Delt, 175 20 | 8.8 | 3100 20| 155 6 23.1 0 0 (i IP. | 418 | 35 | 11.9 | 4370 35 | 125 5/12 0 I.Pe
5 | 60 | R.Rect.Fem, | 222 26 | 8.5 | 460 26| 160| 3 10.3 0 [ TP. | 585 | Ak 133 | 6610) W | 150| 9 16::] 0 0 I.P.
6 | 22 | R.Rect.Fem, | 192 22 8.7 | 4350| 2¢ | 207| 7 2.1 0 0 0 IPe | 529 | 39 13,6 | 4330 37 | 117 6/13.3] © 0 0 I.P.
7 | 57 | R.Rect.Fen, | 222 22 | 10,1 | 2630 22 | 419| 4 15.4 0 0 o I.v.§ 381 36 | 106 | 4860 36 | 135 1| 2.7 O 0 0 I.Pe
8 | 37 | RReot.Fen, | 370 3 | 11,9 | 8060 29| 278/ 3 8.8 0 0 0 I.P. | 501 3% | .7 | 5520 3 | 162| O O o0 0 0 IePe
9 |53 | R.Rect.Feme 278 | 26 | 10,7 | 17720| 36 | 492| 5 16.1 0 0 ¢ IP. | 682 | 46 | 14.8 | 5560 46 | 423 4 8.0 © 0 0 R
10 |38 | R, Delt, 163 22 | 74| 1990 24 6 214 0 0 0 I.P. | 355 32 1141 | 3420 3 | 110 6/15.8| © 0 0 1.Ps
11 |50 | R, Delt. 261 35 | 7.9| 4520 33| 137| 3 8.3 0 0 o I.P. | 285 23 |12 | 2780 235 | 121| 12|34.3| © 0 0 I.P.
12 | 48 | R, Delt. 190 25 7.6 | 6370 26| 215(10 28.6 0 ¢ 4] I.P. | 466 37 (12,6 | 5860 36 | 162 9(19.6| 0O 0 e I.P.
13 | 32 | R. Delt, 196 27 7s3| 5580 35| 159 5 15.6 0 |[Pibxy © I.P. || 629 51 (12,3 | 5290, 51 | 104| &| 73| O 0 0 I.P,
1 | 26 | L. Delt, 183 22 8,3 | 3960, 20| 198| 5 18.5 0 0 0 I.Pe | 342 32 |10.7 | 8500 29 | 293 3| 8.6 O 0 0 I.P.
15 | & | R, Delt, 224 23 9.6 | 2050 23| 89(17 125 0 [ 0 I.Pe
16 | 50 | L.Rect.Fem, | 206 21 9.8 2310 21| 110/ 7 22,2| 0 0 (i TPe | 510 | 35 | 146 | 5430 35 | 155 2| 54| 0 0 0 1P,
17 | 69 | L. Delt, 307 40 | 7.5 | 4900 40| 12210 20.0 0 Thsciext | @ IP. | 650 | 56 (11,6 (17060| 56 | 305 6| 9.7 | © o 0 I.P.
18 | 64 | R, Delt, 302 35 8.6 | 4330 34| 127| 6 14.6 0 0 0 I.Pe || 449 L0 | 11.2 | 5070 40 | 102| 4| %4 | O 0 ° 1P,
ReAbDigV | 246 | 35 | 7.0/ 2980 35| 85 2 54 O | 0 | O | IP
19| 66 | R. Delt. 187 25 75| 2730 25| 109\ 1 30.6 ] 0 0 IPe | 405 33 (12,3 | 3540 33 | 107 S5|13.2| © 0 0 I.Pe
20( 39 R. Delt. 212 | 30 ) 7.1 wsol 30 162/ 4 11.8 0 0 7 T.P. | 281 23 (12,2 | 25,0 23 | 110 6/20.7 | © 0 0 I.P.




Appendix Table ! econtinued,

Electromyogram while Thyrotoxie

Electromyogtem 4 months after becoming Futhyroid

Action Potential @ Aetion Potential | Poly=- : | Aotion Potential | Action Potentisl Pely= |, .. '

c o Duratien Amplitude phasic | Inser- Dener- Mexi- Duration Amplitude phasie | . . Dener- Silent jaxi-
;“ Age| o 1.: Potls, |tional |vation | Areas | mum A Potlse | 45 vity Vebion | Areas | mum
s Y P Total |No, of [Mean |Total No, of Mean | . % hotivity effort|Total [No. of [Wean |Tobal No. of Mean | | y effort

Me8804 Potls, m.8e0, F"o Potls. F'. < MeSE8 o Potlse (MeB0O, F'o Potls. P'o

21 | 70 L.Reet, Fem,| 263 30 8.8 | 4550 29 | 157 | 7118.9| 0O 0 0 IP. | 502 36 | 13.9 (4980 | 36 | 138 | 512.2) O 0 0 I.Pe
22 | 38R, Delt, 268 32 84 | 6250 | 32 | 195 | 4 11.1 0 0 0 I.P. | 534 IX | 13,0 |$100 | 40 152 | 8 16.3 0 0 0
23 | 53| L.Reot. Fem.| 367 35 10,5 | 5950 35 | 170 | 7/16.7] © 0 0 I.P,.

ReAbDigsV | 463 42 [ 11.0 | 5580 | 41 | 137 | 4( 8.7 © 0 0 I.P.
2, | 56/ R. Delt. 210 | 27 | 7.8 | 2510 27 |100| 6 18.:] 0 0 o | 1.p. i
R.AbDig.V 215 25 8.6 23540 25 oL | 721, 0 Fasc;}o. 0 I.P.
X
25 | 55/R. Delt, 293 3 2.5 2850 | 30 | 95| 5/13.9 0 0 0 I.P, | 321 2 134 |3470 | 24 | 145 | 1 |40 O 0 0 I.Pe
ReAbDig.V | 326 51 6.0 | 7940 | 49 | 162 | 6|10, 0 Fasc%cd 0 I.P.
x
26 | 52|R. Delt, 324 44 7.8 | 3080 | 40 | 77| 9/118.0 © 0 0 I.P.
RoAbDig.V 221 33 6.7 LOT0 | 32 | 155 | 5 |13.2 0 0 0 I.P,

27 | 55/R.Rect Fem, | 284 26 [10.9 | 3360 | 26 | 129 | 3104 O 0 (v} I.P. | 386 32 | 12.1 | 4460 | 31 155 | L 1. 0 0 0 I.P.

29 | 53|R. Delt. 183 23 7.9 | 1990| 23 | 86 |11(32.3 © 0 0 I.P. | 372 32 | 11.6 (3870 | 32 | 121 | 695.8 0O 0 0 I.P,
R.AbdBPig.V | 195 33 5s9 | 5510 31 (178 | 615, O [Fibext| O I.P.

30 |49 L. Delt, 227 25 91 2280 25 (115 | 3 10.7 0 0 0 I.P. | 388 33 11.6 | 41450 33 135 | 2 | 5.7 0 0 0 I.P,
LeAbJDigV | 331 39 8.5 | L4990 | 36 | 125 | 10 [20.% 0 [Fibext| O I.P.

31 |50/R. Delt. 272 25 |[10,9 | 3810 25 [152 | 7121.9] © 0 0 IPe | 435 36 | 12.1 (42,0 | 36 | 118 | 4 10.0| © 0 0 I.P.
R.AbJDigsy | 484 46 1045 5900 | 46 | 128 | 8 h4.8 0 Fa}s:cio. 0 I.P.

32 |52|R. Delt. 253 2% (10,5 | 2000| 23 [120| 825,00 © ) 0 I.P, | 408 36 | 113 |L4T70 | 35 | 128 | 6 4.3 O 0 0 5 8
33 |28|L.Rect.Fem, | 138 20 69 | 2060 20 |103 | 4 16,7 O 0 0 I.P.




Appendix Table

continued.

Electromyogran while Thyrotexie

BMW#WMMW

o ; Ilm |
g0 1gul * Mmenle humtion | “iepiitde ;;m:?"‘ ety mng - | mtion | Vgt pitie | aer Dener- | Silent "0
» Total Ho. of ¥ean |Total Fo. of iean [ % sotivity : effort| Total |No. of Mean |Totalllio. of [Mesn Yol % Activity effort
mese0s Potles mese0, pve Potls.| pve @edoce Potls, mesecs pve Potls. | pve
3 | 31 RJRectJlem, | 426 | 43 S5 | 2280 41 |70 | 8163 0 0 0 ToP,| 298 2 | 124 | 2160 24 | 90| 825,86 © o ) L.Pe
ReAbJDigsV | 274 38 Te2 | 3550 36 99 | 6 13.6 0 0 © LP,
35 | 15/ R. Delt, 352 | 45 Toh | 5290 45 117 | 9|16.7 ) 0 o | IPp.
36 | 48| R.nectFeme | 357 36 9.9 | 3010 3 |88 | 512.2 0 0 0| Ip.
ReAboDigs¥ | 178 2 Tobh | 2070, 2 | 86 | 7 33.3 0 0 @ L.P,
37 | 36 R. Delt, 323 32 | 1044 | 2480 32 | 68 | 13/28.9 0 ] ¢ TP, | 411 3 11,7 | 2860 35 | 82| 2| 5.4 0 |Fib.x1 0 1.Pe
ReAbDigsV | 267 39 €.8 | 5610 39 144 | & 9.3 0 ) s L.P. |
58 [ 58(L.Delt, | 178 | 3 | 5.7 | 3550 30 (18 | 2 64| o | o | o | 1. w2 | 42 | 9.8 3820 a2 | 83| 6128 o | o | o | rr
39 | 25/ RRect.lem, | 225 22 | 10,2 | 2980 29 |42 | 5 18.5 ] 0 © IP.| 370 | 33 | 1.2 3193 33 | 97| 1| 2.9 ¢ e 0 I.P,
LO | 65 R.Rect.Fems | 639 59 | 10.8 | 8140 56 (145 | 7/10.6 0 0 0 I.Pe
ReAbJDigeV | 654 8c Tol: (14370 78 184 | 8| 9.1 0 ¢ 0 1.P,
41 | 48 R.Rect.Fem, | 391 47 8.3 | 5320 47 113 | 4 7.8 e 0 ¢ I.Pe|| 499 38 [ 1341 | 4010, 38 | 105 | 3(7.3 ] (V] 0 I.P,
ReAbLDigeV | 366 58 6.3 | €910 56 (123 | 6| 94 ) 0 0 1P,
42 | 53 R.Reot.Fens | 480 | 59 8.9 | 6370 58 110 | 9/13.2 0 ) 0 I.P,
ReAbJDigeV | 336 L€ 7«3 | 5410| 46 | 96 | 4| 8.0 0 0 0 I.P,
43 | 60 R.Rect.Fen, 5 | 749 | 3650| kb (B4 [11/19.6 | O 0 0 | MPe| 382 | 27 |14 207] 27 | T 7Fo.6 0 0 0 I.P.
4 | 62/R.Rect.Fem, | 304 | 3& 8.9 | 3320 34 | 95 | 8/19.0 ] 0 G | M.P.| 389 32 | 12,2 | 201 32 | 66| 5[13.5 0 0 0 I.P.
RoAboDigsV | 282 | 43 8.2 | 6550 | 4% (460 | & 85 0 ] 0 IoPe
b5 | 55| L. Delt, 570 49 | 11,6 (10190 | 49 (208 | B8|14.0 0 0 0 TPe| 349 30 | 11.6 | 3520 30 |17 | &L 1.8 0 Q 0 IsPe
ReAboDigeV | 432 49 8.8 | 4050 | 49 | 83 | 13/20.9 Y 0 0 IePe




Appendix Table L4 continued,

Electremyogram while Thyrotoxie

Eleotromyogram 4 menths after becoming Euthyreid

Aotion Potentisl = Actien Potential] Poly- Aotion Potentisl | Action Potential POV~ o |
Duration Amplitude phasie | Inser |, o |g3lent | Mo~ Duration Amplitude phasis 56" | pener- Silent Maxi-
=14 AS. lusele - Potlse tional vabi. Avess mus e : Potls. tienal vation | LAreas | mum
Noe Sampled Total |[No. of | Mean |Total [No. of Mean No. @ Motivity on effory| Total [No. of ean |Total[No. of [Mean | % Astivity offort
MeB8€08, [Fotis, m.Be0, P". Potls. FV. 97 m.880, Potls, m.26C, P-VU otlae i.':'}lTii'.‘- b g s
46 | 67|RRectFem, | 553 52 | 10.6 | 7690 5% | 453 813.3 ¢ 0 0 T.P.
ReAbJDigeV 492 67 7.3 | 6710, 64 | 105 911.5 O |Fib.x1 0 TJP.
47 | 4O|R.Rect.Fems | 517 46 | 11.2 | 8720| 44 | 198 7 3. ¢ e 0 TP, | 373 25 | 45,0 | 2970 25 | 159 |1 [3.8 0 ¢ 0
48 | 27|R. D&Y%, 398 52 7.6 | 5580 52 | 107/10 6.1 0 0 0 ToPe
ReAb.Dig.V 239 33 7.2 | 5080, 32 | 159 3| 8. 0 0 0 I.P.
49 | L2|R. Delt, 26}, 32 8e2 | 2650 3 85 4 11.1 0 0 0 y A
50 | 69|R. Delt. 188 21 8.9 | 2010, 21 96| 8 27.6 0 0 0 TP,
51 | 39|R.Rect.Fems | 497 L6 | 10,8 | 6910| 46 | 150 3 | 6.1 0 0 0 I.Pe
52 | 41 |R.Rect.Fems | 438 40 | 10.9 | 4870, 38 | 128| 7 u.j 0 0 0
53 | 64|R. Delt, 399 INN Se1 | 4290 44 | 96|10 18, 7 0 ¢ I.P.
ReAbeDig.V 325 58 566 | 7190 56 | 128| 4 | 6l 0 0 0 I.P.
54 | 60|R.Rect.Fem, | 394 L6 8.6 | 4060 45 | 90(1017.9] © 0 0 I.P.
I.P, = Interference pattern
MePo = Mixed pattern




Control electromyograms: Deltoid.

Appendix Table 5

Action Potential Duration | Action Potential Amptitude| FPolyphasic

Total | No. of | Mean _ Total |No. of [Mean —potentials Insertional Silent {Maximum

No. | Age | Sex Condition m.gec. | potls. | m.sec. + v, |potls. | av. No. % Activity Lenervation areas .|effort.

1 | 27 M Normal 335 31 10.8 2380 31 77 I8 11.4 0 0 0 I.P.*
2 49 | F | Myocardial infarct LO4 34 | 11.9 3260 34 96 L {10.5 0 0 0 I.P.
3 L3 M |'Normal L92 37 | 13.3 1930 2L 80 ‘ 5.1 0 0 0 I.P.
I L3 M Normal 259 20 12.9 1930 20 96 3 13.0 0 0 0 IPs
5 67 F Hiatus hernia 433 34 12.7 2970 34 a7 7 b & % 0 0 0 T.Ps
6 71 M Myocardial infarct 261 30 12,0 2850 30 95 7 18.9 0 0 0 I.P.
7 35 F Thyroid cyst L87 L5 10.8 5570 L5 124 1 Re2 0] 0 0 I.P,
8 32 M Normal 360 33 11.0 5190 33 157 L 10.8 0 0 0 I.P.
9 38 M Renal glycosuria L28 36 11.9 3110 36 86 3 7.7 0 ~_ 0 0 I.P.
10 72 F Myocardial infarct L6l 37 12.5 4590 37 124 b 9.8 Fib. x 2 0 0 IL.P,
11 60 M Cholecystitis L88 35 13.9 4110 35 117 2 S5y Fib. x 1 0 0 TP
12 Th M Myocardial infarct _506 38 13.3 3470 36 96 6 13.6 0 0 0 I.P,
13 54 F Stokes Adams attacks 561 L2 13.4 3360 L2 80 5 10.6 0 0 0 X.Ps
AN 21 F Normal 376 30 12.5 2530 30 84 3 3.2 0 0 0 I:Ps
15 66 | 4 |Normal 576 L7 12.3 5820 L7 124, L 7.8 0 0 0 I.P,
16 20 F Normal 430 35 12,3 3520 35 100 L 10.3 0 0 e I.P,
17 23 M Normal 322 28 11.5 2940 28 105 I 12,5 0 0 0 I1.P,
18 22 M Normal 336 29 11.6 5010 27 186 1 3.3 0 0 0 I.P.
19 19 | ¥ |Normal 242 23 [10.5 4310 23 187 2 8.0 ¢ 0 0 I.P.
20 27 M Normal 325 31 10.5 4620 31 L9 3 8.8 0 0 0 1.F.
21 21 M Normal 409 39 10.5 4250 39 110 5 11.4 0 0 0 I.P,

%
I.P. = Interference pattern.




Control Klectreomyograast

A

It 2aBLE 6

fieotus femoris

Aption potentiel duration Aetion potential asplitude Polyphasie |Insertiomal ! Denerwatiom | Silent | Maximum
potentials aotivity arees of fort
s . (e Sentitien Total |Wo. of |Mean Total | Wo. of | liean
He880, |potls. |m.se0. wwe | potlse | wv, Koo #

1 |22 | ¥ |Strepe pharyngitis 362 29 11.8 2690 29 43 2 €.5 0 0 ¢ [P
2 15 |7 |%yooardiel infaret 385 29 13.3 1,930 23 | 476 1 3.3 0 0 0 1.P.
516 | ¥ |uyccardial infaret 397 28 %2 8320 27 | a7 2 6.7 0 4] 0 1P
L |72 | P | vyccardial iafarot 352 26 13.5 2510 26 $3 3 |10.3 0 0 0 I.Pe
5 | 60 | | reroxysaal archythaie 022 30 et &80 33 283 3 9.0 0 0 0 I.P,
6 |43 | ¥ | ryoeandiial infavet 320 25 12,8 4370 25 {195 1 3.8 0 0 0 IPe
7 163 | ¥ | Chrenic bronshitis 357 25 1%.3 2060 23 u7 2 Tk o 0 o I.Pe
815 | 2 |Ducdenal uloer 605 48 13.9 6510 43 | 12 6 |11 0 0 0 1.7
9173 | ¥ | ruyooardial infaret 282 20 A1 3490 20 | 159 1 4.8 0 0 [ I.Pe
10 [ &3 | ¥ | Bermal 581 IN] 4.5 2670 30 89 5 |11 0 0 o 1P,
11 |39 | P | Norwal 236 20 1.8 1970 17 | 116 3 |13.0 0 0 ¢ T.Pe
12 | 51 | ¥ | Nommal 430 36 1.9 4350 36 | th3 3 7.7 0 o 0 I.P
13 | 27 | ¥ | Normal 482 3£ 134 50,0 38 | no 5 |12,2 0 ) 0 I.Pe
i | 32 | 2 | Sowwal 429 b1 13.8 4580 30 | 153 & | 1A o 0 o b N
15 | 29 | ¥ | Normal L 37 13.0 76,0 37 | 206 0 0 0 o 0 I.P
16 | 26 | ¥ | Normal 27 25 1.0 4950 2 | 6 |17.4 0 0 0 1P
17 | 27 | ¥ | Normal 1 21 1.5 2690 21 | 128 1 koS 0 0 0 1P,

®

T = Interfarence pattera,




APPENDIX TABLE 7

Electromyograns: Peak to peak voltage of the interference
pattern on maximal effort.

Deltoid Reotus Femoris
Thyrotoxio Euthyroid Controls | Thyrotoxio Futhyroid Controls
Case |Voltage |Case |Voltage No. Voltage Case Voltage .| Case |Voltage No.  Voltage
No. mv. No. nv. nve No. mv. | No. mv.e nVe
" 2y 11 3.8 1 3.8 2 0.9 2 2,8 1 7.0
30 2,6 | 92 3.8 2 3.7 5 1.6 L 7.3 2 3.5
35 241 13 1.0 5 3.8 7 2.1 5 2.7 3 6.5
37 3.7 1L 8.2 6 5.7 16 1.6 6 33 L 6.0
L5 3 17 4.0 8 5.8 34 2.4 7 2.9 5 5.3
48 het | 18 5.0 5 7.5 36 343 8 7.8 6 6.0
L9 53 | 19 4.0 10 3.2 39 3.8 10 6.7 7 be3
50 heO 20 5.3 11 3.8 40 31 16 L0 8 Lo3
53 5e3 22 345 12 3.0 i L3 24 2.5 9 2.5

29 3.5 13 4.0 L2 2.4 27 3.2 " 1.7

30 3.8 14 Tl L3 1.7 34 345 12 1.9

b 52 15 lo8 4t 33 39 245 13 b7

32 5.0 16 L7 46 2.3 4 L.0 1 3.0

37 4.8 17 6.0 | &7 3.0 L3 3.8 15 843

38 2.7 19 2.7 51 Le5 L 2.0 16 1.9

45 L7 54 1.4




Contrel Electromyogramns:

APPENDIX_ TABLE 8

Abduetor digiti quinti

Aotion Potential Duration

iction Potential Amplitude

Polyphasie

. . Insertional Silent | Maximum
. ronditen —Totl | Ve, of | Wean TR RS Fea ] Wor T F—| fetivity |POTHOR | Chreay | erore
m.sec. | Potls. | m.sed. pve [Potle, pYe
1 32 | ¥ | Pneumonia 326 32 10,2 4,960 32 155 5 | 13.5 0 0 0 I.P.*
2 43| M | Normal 288 38 7.6 4,050 27 109 6 | 13.6 0 0 0 I,
3 21| F | Normal 3 38 9.9 4,170 35 110 IR 95 0 0 0 I.P.
4 23 | ¥ | Normal 325 41 749 6,320 38 166 8 | 163 0 0 0 I.Pe
5 22| ¥ | Formal 2n 30 9.0 3,920;| 29 135 O | 1.7 0 0 ] I.P.
6 74 | ¥ | ¥yocardial infaret 378 39 9.7 3,77 37 102 7 | 159 0 0 0 I.Pe
7 68 | M | myocardial infarct 305 27 11.3 3,861 27 143 3 | 10.0 ) o 0 I.P,
8 57| ¥ | Peptic uloer 273 29 Yels 6,757 29 233 2 6.5 0 (¢ 0 I.P.
3 55| ¥ | Myccardial infaret 266 28 95 2,800 24 100 3 9.7 0 0 0 I.P.
10 42 | ¥ | Cholecystitis 409 47 8.7 16,200 45 360 3 | 6.2 0 0 0 I.P,
1 43 | ¥ | Myoeardial infarct 286 34 Bk 5,066 %, 149 1 2.9 ) ] 0 I.P.
12 26 | ¥ | Normal 535 50 10.7 6,600 50 132 & T 0 0 0 I.P.
13 | 65| 7 | uyceardial infaret 334 38 8.7 hoh8h | 33 148 b | 9.5 0 0 0 I.P.
% 27 | ¥ | Normal 336 40 | 8. 6,80 40 7 5 | 1141 0 0 0 TP,
15 55 | P | Cholecystitis 515 56 9.2 6,490 55 118 9 | th.t 0 ) 0 I.P,
16 29 | ¥ | Normal 353 L2 8. 10,500 L2 250 L 8.7 0 0 0 I.P,
17 & | ¥ | dyocardial inferet 270 27 10.0 2,970 a7 110 2 6.9 0 0 0 I.P,
18 37 | F | Urinary tract infection 39 38 10.3 b,826 | 38 127 2 51 0 0 0 I.Fs

*T.P. = I‘t.ﬂ.”m P‘g“m.




APPENDIX TABLE O

Ulnar Nerve: Latencies and Conduction Velooities
in Contrels and Thyrotoxioc Patients.

—
Controls Thyrotoxiec Patients
: Latency Conduetion Latency Conduction
No. Age Condition Wrist - Abd.Dig. velooity, elbow- Case A Wrist - Abd.Dig. velooity, elbow=
Quinti, m.seo, wrist. m/sec. Noe i Quinti, m.seo. wrist. m/sec.
1 32 | Pneumonia 3.2 5241 X L8 2,25 96.5
2 43 | Normal 2.5 64t L2 53 3.8 794
3 21 | Normal ekt 6he3 L3 60 2.5 L7 3
L 23 | Nomal 2.8 6542 b (4] 2.4 63.9
5 22 | Normal 2.5 47.6 L5 55 2,7 67«7
6 74 | Myocardial 2.3 67.8 46 67 2.3 50.9
infaret
7 26 | Normal 2.3 72.6 . §7 40 2.25 51.2
infaret
9 65 | Myoeardial 3.2 42.3 49 42 2,3 58.4
infaret
" L3 | Myoocardisl 2.3 6947 53 6l 2.3 58.7
infarot
12 55 | Cholecystitis 3.1 59 4 54 60 2.4 454
13 Urinary 2.6 49.5
infection
1. 38 | Normal 2.6 5745
15 29 |Normel 3kt 53.3




APPENDIX TABLE 10

The Patients:treatment and followeup

Time | Time for T o ror | weight Tet
Sendas power %o Creatine Creatinine -y or
Cese | ) oo |Sex Treatment Buthyroid | Yo return | .. pear b, - ng./24hre desrense
No. wonths to normal Months R. L. in
Months Proptosis
mme
1 42 | F |Carbimazole, iodine and thyreideotomy 2 0 0 8.0 95 880 10 | 10 + 2,0
2 | 48 | F |Radicactive iodine I 1 [ 12,5 30 950 29 (19 + 2.5
3 25 | F |Carbimagole and l-thyroxine 2 1 1 12.0 270 1230 12 | 11 + 1.5
, & | 47 | M |Radicaotive iodine 5.5 0 0 13.0 18 820 15 | 14 - 0.5
5 | 60| F |Two doses of radioactive iodine, 6 0 0 12.0 429 ™m 15 | 15 0
one month's Carbimagole after each. &
6 | 22| P |Carbimesole and 1-thyroxine 1.0 1.0 4 12,0 90 875 14 | 13 - 1.5
7 | 57| ¥ |Carbimazole, gusnethidine, iodine and 0.5 2 645 16 | 16 - 2,0
o thyroidectony.
8 | 37| M |Carbimaszole, then Pot. perchlorate, 3 0 0 28,0 50 1000 16 | 1 + 0.5
thyroidectomy.
9 | 53| ¥ |Radioactive iodine b 0 0 13.0 60 1420 19 |17 | + 1.0
10 | 38 | P |Carbimazole, l-thyroxine, iodine and 2.5 2.5 475 120 1130 1% | 1k 0
thyroidectony.
1 50 | P |Radioactive iodine N L 17.0 60 1410 17 | 16 + 0.5
12 48 | F |Radiocactive iodine 3425 3425 3425 0 232 1088 % | 14 + 1.0
13 32 | M |Carbimagole, l-thyroxine, iodine and 1 0 1 10.0 20 | 17 - 24,0
thyreidectomy.
14 | 26 | F |Carbimazole and l-thyroxine 3 ) 0 5.0 40 1125 16 | 14 +15
15 | 64 | M |One dose of radicactive iodine, 3 3 3 11,5 W |1 + 0.5
followed by Carbimagzole for one
month,Fenission for 3 months, then
relapse, treated insinmilar fashion.
16 | 50 | ¥ |Radioactive iodine and Carbimazole 1 3 3 16.5 20 1210 15 |1 - 05
for one month.
17 €9 | P |Radicactive iodine and Carbimasole 2.5 2,5 2.5 12,0 2 762 15 |16 + 1.5
for ‘ weeks.




Appendix Table 10 continued.

Time for g
Time ' Wezendar Time for increase
2 taken <o power atrophy Weight Urinary Uﬂ:;g Proptosis or
288 become to inorease Creatine Crea ne mit o deorease
No. A S0 e Euthyroid :: :m disappear 1b. ng./24hr nge/24hr, R L in
Months ¥onth Months ¢ * | Proptesis
8 mnme
18 X | Carbimasele, l-thyroxine, iodine 1.5 1.5 0 11.0 100 1720 17 17 +1.0
- and thyreoidectony.
19 | 66 | F | Radiocactive iodine 3 3 3 248 824 16 13 + 15
20 39 | F | Carbimazele, l-thyroxine, iedine, 2 2 0 31.0 50 1430 i 13 .+ 0.5
thyroidestomy.
24 70 | F | Carbimazole, lethyroxine 1475 1475 175 1540 114 775 15 12 + 1.5
22 | 38 | ¥ | Carbimazole, l-thyroxine, iodine, 3 1 6 18.5 17 16 . 0
thyroidectomy.
23 53 | F | Radicactive iodine L 4] 0 18.0 4 12 + 2,0
25 M Two doges cf radicactive iodine 1.5 '1-5 1-5 18,0 18 18 4+ 5.0
(after
18t dose)
25 ¥ | Carbimazcle, l-thyrexine 175 0.75 0 12,0 20 1726 22 23 + 1.0
26 52 | F | Radioactive iodine 2 2 2
27 55 | M | Radicactive iodine 0 21.0 60 1640 3 12 + 15
thynidootw.
29 | 53| F | Radioactive iodine and Carbimaszole 0.75 3 0.75 36.0 57 1040 13 13 - 0.5
for 7 weeks.,
30 | 49 | M | Radiomotive iodine and Carbimasole 2 2 2 21.0 40 1430 i, 16 0
for 2 months.
31 | 50| P | Carbimasole, l-thyroxine 0.75 0 0 20,0 38 U6 16 18 + 3.0
32 52 | F | Radioactive iodine, carbimazole 1 .8 0 7.0 2k 1008 5 15 0
for one month.
33 28 | F | Carbimagole, l-thyroxine L L 0 75 YT 9 + 2,0
3, | 3| F | Carbimazole, l-thyroxine 145 145 0 6.0 2 12 - 2,0
35 | 15| P | Carbimazole, 1-thyroxine 1 0 0 1540 19 18 +1.5
36 48 | F | Radiocsotive iodine 2.75_ 5 0 11 1" - 05




Appendix Table 10 continued.

f Tiee tov | Net ]
L. Time 28 20T | pine for inorease
taken to - mu i:lr“ atrophy Weight Urinary Urinary Proptosis or
Case become hpm to increase | Creatine Creatinine mme decrease
Age |Sex Treatment Euthyroid ol disappear 1b, mge/24hr, nge/24hr, in
No. to normal Re | Le
Months Months Months Proptosis
; mme
37 | 36 | ¥ |Carbimesole, l-thyrexine, iodine, 3475 3475 0 17.0 1190 17 [16 +1.5
_thyroidestomy, sl
38 | 58 | F |Radioactive iodine and carbimasole 1 35 3.5 10.0 66 1067 16 |43 + 2,0
for one month y
39 | 25 | F |Carbimagzole, l-thyrexine 1 o 0 1.0 36 96l 17 |15 + 1.0
40 65 | F |Ra 3,9‘5%%23"%0%2%{“0 and carhimazole 2,25 225 2.25 1.0 ] _
1 48 | F |Radicastive iodine and carbimazole 1 1 0 19.0 30 1420 17 |16 + 0.5
& for six weeks
42 55 | P |Radicactive iodine and carbimazole 1 1 2
for six weeks. Relapse one month
_l_a_.t.r.
43 | 60 | F |Radioactive iodine and carbimaszole 1 425 2 19,0 el 783 15 |14 + 1.0
for one month.
INN 62 | F |Radicactive iodine and carbimaszole 15 3 3 130 23 |22 0
for one month.
45 | 55 | F |Radioactive iodine and carbimazole 1425 1425 5 1645 90 1230 18 (16 + 15
for one month.
L6 67 | F |Radicactive iodine and carbimasole 1- 0 1 20,0 % |14 + 2,5
for one month,
47 | 40 | F [Carbimasole, l-thyroxine, iodine 1425 2,25 1.25 21.0 50 1130 12 (11 + 145
and thyroidectomy,
48 | 27 | M |Carbimazole, lethyroxine, iodine 2 2 2 37.0 16 |16 - 1.0
and thyroidectomy.
49 | 42 | M |Carbimazole Being treated priyately.
50 69 | F |Carbimazole, iodine, thyroideotomy. 1.25 4 L 6.0 12 (10 + 1.0
Atrial fibrillation removed with
D.C, de-fibrillator.
51 39 | F [Carbimazole, l-thyroxine 15 145 0
52 41 | F |Carbimazole, l-thyroxine 1 1 0 15 |15 + 2,0
55 | 64 | P |Radicactive iodine, carbimesole 2 1 0
for 7 weeks, Atrlal fibrillation
_ converted with D.C. de-fibrillator.
54 |60 |F |Radiosetive iodins 3 3 3




Data on the extent of musele invelvement in thyretexicesis,
weight loss and the deviation of the cbserved mean action
potential duration frem the predicted.

Atrophy and/er weakness >
“Troximal snd | Proximal o S
distal muscles | muscles enly
Case T’M We. | Devia- Wt, [Devia-
Yo.|less | tien | No.|loss | tien | He.|loss| tien

ibs mesec. 1b, |m.sec, 1b, [me.se00,
6|18 | 3.5 2] 18 51 1] 75 33
7119 | 3.5 3 7 2.8 b | 3 3
15 |19 |3.5 10| 20 | 4ebs 5 |16 | 5.2
19 | 46 | 5.7 1 | 1% 45 8|35 0.9
Zh | 2 (Wed 12| 1245 47 | 9| 9 | 207
28 | 32 |50 J13] 20 | 4e2 [ 94 |20 | 2.9
b3 | 29 | 5.8 [ 16| 23 | 3.5 (23| 6 2.9
biy 9 | 4.9 17 | 16 5.8 || 31 |18 15
&7 | 21 |17 18| 13 | &5 35| 3 | 33
49| 7503.8 20| 21 | 48 39| 8 | 24

21 | 4 | 5.3

22| 28 | 34

2| 0 | 34

26 | 18 | 4.7

27| 6 | 2.6

290 | 18 | 46

0|2 3.2

33| 6 | 5.5

3% | 17 2.6

3| 5 | 3.3

371 20 | 16

38| 17 T4

4 | 35 31

& | 18 %9

b2 | 27 | 543

55 9 1.0

46 | 35 | 3

W8 | 42 | 3.7

5 | 2 loely

Ly 8 | 20

52 | 11 | 2.0

551 9 | 40

| 32 | 54




APPENDIX TABLE 15

Deltoid and Rectus femeris

Deviations of the observed mean ac¢tion potential
duration from the predicted in thyretoxic patients
with and without clinical weakness of the sampled

musole,

Deltoid

Rectus femoris

Deviation m, sec.

Deviation m. sec.

Case |Weakness lcau keaknou Case [Weekness {Case woakno:;
No. |present No. | absent Ne. |present lo. | absent
10 boly 1 3.3 2 5.1 5 5e2
11 4e5 4 3ol 6 345 8 0.9
12 L7 13 Le2 7 3¢5 9 2.7
15 345 1% 2.9 21 5e3 23 2.9
17 5.8 20 4.8 43 5.8 27 2.6
18 4.5 22 Sk 28 5.5
19 57 25 31 3 2.6
2 b9 26 be? 36 33
28 5.0 b1 1.5 39 2.4
29 4.6 32 2.0 L0 3
30 3.2 35 33 &4 4.9
38 71 37 1.6 L2 543
45 1.0 48 3.7 L6 3k
49 3.8 53 4.0 47 1.7
50 Loy 51 2,0
52 2,0
54 51




APPENDIX TABLE 14

Relationship between serum protein bound iodine and
the deviation of the observed mean action potential
duration from the predicted. (m.sec.)

Serum TDeviatien
Case No. P.B.I. of observed
Ae % frem
predicted

5 10.8 5.2
8 134 0.9
o 10.6 2.7
10 15.0 Loy
1 9.7 4.5
12 1341 4e7
14 945 2.9
15 134 3¢5
17 1241 5.8
19 11.3 57
23 12.6 2.9
2k 10.7 4.9
25 10.4 34
26 9.5 47
27 9.9 2.6
29 11.6 4.6
30 15.0 3.2
3 7.2 1.5
35 13.0 343
36 8.9 343
37 13.0 1.6
38 114 741
40 1.0 3.4
41 6 4.9
42 13.8 5.3
43 15.0 548
Ly 7.7 4.9
45 1.0 1.0
50 8.8 b
53 140 4.0
54 14.6 51




APPENDIX TABLE 13
Rectus femoris: Thyretexic patients

Data on duration of thyrotoxicosis, weight less and
the deviation of the observed mean action potential
duration from the predicted.

mrm of ;D;ﬁs:iian

action

Ne. Yﬁg‘ mm WQigl;f less m::::l
Me S€Ce
2 48 4.0 18 5.1
5 60 2.0 1% 5.2
6 22 12.0 18 3.5
7 57 20,0 19 3.5
8 37 12.0 35 0.9
9 53 3.0 9 2.7
16 50 8.0 23 3.5
21 70 3.0 14 53
23 53 4.0 6 2.5
27 55 5.0 6 2.6
33 28 1.25 6 545
34 31 8.0 17 2.6
36 48 4.0 5 343
39 25 9.0 8 2.1
40 65 4.0 35 31
x| 48 3.0 18 49
42 53 6.0 27 53
L3 60 5.0 29 5.8
4 62 7.0 - | 4.9
46 67 3.0 35 v
47 40 12.0 24 1.7
N 39 9.0 8 2.0
52 44 9.0 " 2,0
54 60 24..0 32 541




Deltoid: Thyrotoxic Patients
Data on duration of thyrotoxicosis, weight loss and the

deviation of the observed mean action potential duration
from the predicted.

D 8 o avtian
Age Weight loss ,
woe Yesrs tmﬂ 1b, mﬁg"‘
Me 5BC,
1 42 3 7.5 i 3.3
b 57 175 3 ‘ 3
10 38 8 20 ’ Lels
" 50 6 1% { 45
12 48 ¢ BwE | W
13 32 8 20 ! he2
12 26 11 20 2.9
15 o 2.5 19 35
17 69 2 1€ 5.8
18 6l 3 13 4e5
15 66 4 46 5.7
20 39 8 24 4.8
22 38 5 28 3k
2, 56 3 21 4.9
25 55 12 0 3.1
26 52 1.5 18 b7
28 35 3 32 5.0
29 53 1.75 18 b6
30 49 L 24 3.2
1 50 6 18 1.5
32 52 L 16 2,0
35 15 0.5 3 33
37 36 1.25 21 1.6
38 58 L 17 74
45 55 1 9 1.0
48 27 L 42 3.7
49 L2 2 745 3.8
50 69 2, 24 by
53 64 3 9 540




