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Since Vor Reeklinghzusen's soriginsl repnrt 1891
af thrrntoxicosis associated with bone changes; various

studie

o

reported the acecassisnal nccurence nf agtenpora-
sis =and various chznges in caleciur metabolism in thyro-

t:xieosis. There is z-tendency toworis hyzercalcaenmia,

bl

hyperczleiuriz ard cezative calcium balancs in sssocia-
tion with tayrotoxicosisz., Lnreover, hrpacalcmemiz  has

been repsrted fallowing thyrnidectomics for patisnts

with ¥hyrotoxicnsis,

The aim of this work iz tn revisw The cnznges in

‘m@rgio'ﬂfasl.s
bone and calcium metabﬁWis?z their pathngeornesd and
Lt e W 4 Pl = LoLIE T SaS, ‘_.il

their osreventinn and trezinen .
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CHAPTER ( I )

HISTORICAL INTRUDUCTIUNW.
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CHAPTER ( I )

.

HISTURICAL INTRUDUCTIUN

- - — P . o - e W . o —

Although the thyroid gland has been firgt described
by Gelen in his "De Voce"™ and more fully later by Versalius
1543, (Rollesten, 1536), however, it was not until the year
1655 wners the glénd was given it's nane "Thyroid™ or otlong
shield by Wkartor (Rolleston, 1836), Since then, the role
of the gland was the subject of laterest and speculations.
Wharton {Rolleston, 1S936) suggested that the gland was thers
to round and besutify the neck by filling the ampty speces
around the larynx, especially irp femsles, to whom, for this
regson, 8 larger gland has been deserited., Cowper W.
{Cowper W., 1668) held that the thyroid like the thymus
wasg a lymphatic gland for the upper bedy. Whersazs Varcellone
(1711), argued that the tiyroid is a bag of wérms whose egge,
and occasionally themselves crsssed for digestive purposes
into the besophagus., Zven as late as 1825 (Parry, 1825) =and
up to 1854 (Maéﬁus;.L., 1853) the gland was proposed as s
"vagcular ghunt™, cushioning the brain against sudden. incre-

aseg in bleod flow {Haringten, 1933).
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The relestionship between the thyroid and the various
bady functions was studied by expe?imental thyroidectomy
as early as 1827 (Cooper, A.P., 1827), and the concept of
an internel secretory functisn was formulated by King 9

years later (King T.W., 1836).

Since thepyparathyroids were not rscognized until
Gley, (18%1) medescribed them, death generally P£ollewed
thyroidectomies perfommed in  those days, Then Reverdin,
J. (1883) and Xoeher, T., (1883), became aware of the sim-
ilarity between myxoedema and the clinical picture which
developed after successful removal of th: thyreoid, However
Semon, F. (Rollestor, 13936) and Horsley,(1885), were res-
Pongible for the recognition of tae fact that loss 6f the
thyreid caused both the gponteneous and operstive diserders;
until then, the prevailinsg idez had been that asphy=zis or
injury tn the nervoue system (Hadden, W.B., 1881), was the
cauge. It was not wuntil 1896 thet Vassale and Generali
separated the entity of myxoedema fpllowing thyroidectomy
from tetany (Welch, D,A., 1838). The final unquestionable
identification of the functicnel roleg of the parathyreids

came in 1898, with the removal ef the parathyroids alone
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and the production of tetany, and in 1908 with the demorn-
siration of hypecalcaemig fTallowing Parathyreidcetony.

(Mc Callum, et sl., 19ug).

In the year 1891 Van Recklinghausen wae the first 1o
deseribe 2 23 year old woman with five years history of
thyrotoxicosis who complained of back and arm peing ang
who had scoliocgig., At fecropsy, all the bones were very
soft and the peivis was seversly deformed. Von Recklingh-
ausen pointed out that thig condition did net seem to be
late rickets grg elthough the patient 4ad never bean tra-
gnant, it hgd the characteristics of osteomalacia, Since
then. a number of Lypothesis have teen made to explain the
mechanisms responsilble for thae changes fsund in oone  and
Mineral metebolism in hypertayroidisz. Aub et al.,(1829),
suggested that the thyroid hormone acteg directly oa bYore
to promete bone resorption, an effect which was thought
later tn be independert of PTH. Aub et 21,,(1932), conclu-
dad that ths thyrnid Wormons hag a direct effect on the
kidney and caused a Regative calcium balance by increesing

the renal excretiag of calcium, Hansman and Wilson (19324)
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presented evidernce which led them to suggest that the thy-
roid hormone had ne effect per se on calcium and that cha-
rges fourd in some petiasnte with hyperthyreidism were the
result of parmthyroid overactivity. This view is supperted
by the ebservation that a parathyroid sdenoma is found fre-
quently in nyperthyroid pstients with hypercalcazenis (Jack-
son, et 2l., 1961); but is in conflict with other workers
who concluded that there is diminished parathyroid activity
in hycerthyroidism (Herden, et al., 1964; Adsms, et al., 1367).
A new link tetween the thyroid and calcium metestolisr was
intreduced with the discaovery of calcitonin {(1562) ty Cepp
and his Co-werkers, Thie celcium lowering principle was

sonn linged

Ja
ja]
H

ost species with the rarsfoliliculer cells of

3

the thyroi~ proger arnd renaxsd " Toyrscslcitonin ©,

’|

Soms cenfugicn slso existed congcerrning the rrescise
raturg af the tone lesion in patieate with hyperthyroidiem.
It kss been descrited aes ostzoxelacia, as osteororssis, and
2e opteitieg fibrogse cyetica., In two pxiients, there wes
evidence of excessive degtruction, with erndsd areas filled
with coznective tissue =nd ostsoclasts {Hunter, I., 193¢).

Irn 1933, typical changes of nsteitis Ffitrosa were described,
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which included increased osteoclastic activity, increased
vascularity and connective tissue preliferation (Askanazy,
1933). Subsequently, the vertebral bodies of 20 patiente
with active hyperthyroidism who came =t autopsy were exam-
ined (Follis, R.H., 1953). Evidence of excessive destruc-
tion of bone " osteitis fibrosa" of varying degree was fou-
nd in 6 patients, and esteoporosis, (i.e, bone containing .

& decreased number of trabeculae which in turn are thinner
than normal). Thus, the comnon histolegical feature prese=-
nt in all reports has been excesaive bone destruction,
with other abnermalities superimposed. These findings are
not compatitle with the hypothesis that bone Tormation is
decreased and bone reSvorptisn normasl in the bone of patie-
nts with thyratoxicosis, Kinetie studies uging radio—active
caleium (45Cs) ir 4 thyrotoxic patients, (Xrane et al., 1956)
revealed thet the size of the various calcium compartments
was sirikingly incressed. The rates of calcium dzposition
and resorption in bore increased several folds in these
subjects and returned towards normsl when the hyperthyroid-

ism was treated.

Meres recently, the microscepic morphelegy has baen
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described in s series df hyperthyroid subjects, in whom

the clinical state of ithe patients was well documented,
Adems, Jewsey end Kelly (. 1967 ), nsing nicro-
graphical techniques on bonre specimens obtained by biopsy
after the patlents ingested flourescene labelled tetracy-
c¢line as a marker for new bone formation, revealed increa~
sed bone reserption in all subjects, a3 well g8 incresased
oone formation {n some. There was no increase in the wi-
dth of csteoid seams in the biopsies from their patients

and therefore no ésteommlacia.

In 2 later gtudy by (Adams & Jowsey, 1967) usiag
quantitative micreradiegraphy, similar incresses in bene
resorpiion were ohmerved accempanied by less striking incr-
¢ases in bone formation ip both intact ang parathyroidecto=

Qized,dogs fed thyroxine for 9-11 weeks,
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CHAPTER ( II )

PHYSIOIOGY OF BUNZ AND CALCIUM METABOLISH
CALCIUK.

Phere ig sbout 1-2 Kg of ocaleium in the average adult
human bady, of which 98% is found in the skeleton. { Krane

e% al,, 1977), The calcium of %the mineral phese at the sur-

bt
facz of crystals 1s in equilbrium with ions of the extrace-

llular fluid, dbut only a minor proportion of the total cal-
cium {about 0.5%\13 exchangeable as determined by isotope
dilutien techniques (Krane gt al., 1977). It plesma, in
pormal sdults, the range of concentratisn is 8.8 %o 10.4
mg/100 ml ( 2.2 - 2.6 o ¥) {(Krene et al.,, 1977}. It is pre-
sent in three forms, Free iong, bound to plasma proteins
meiniy albumin, té a lesser extent globulin, ard 1o & BLa-
11 extent es dififueible complexe;:téranécééx:i;, 1377). It
is the concentretion of free Oa™¢ ions that is of criticel
irportszace in regulating the level of neuromuscular irrita-
Tility as well ms g variety of other cellular functions and
12t is subject to excquisiie hormonal conirol espacially

“rrougzh parathyroid hormone g galsitominKrane_st gl., 1977)

T1e rather wide range of serum calcium is largely due to the

wide variastiens in wserum protein concentrations, especially
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of serum altumin, The serum slbumir and hence the total

calrium, tut not the ionized éalcium. falls in hypeprotei~
nsemic s%ates, with age, in liver diseases and aften in the
Presence 0f gystemic Aiseases, whéreas, it incremses with

vernaus stasis.

The cogecentration of calcium iens in the extrscsliu-
ler fluid is kqp%t constant by the interaction of a number
of processes which are constantly feeding calcium irnto ard
withdrewing calelum from the extracellular fluid, Decrease
ir the concentraYion of free Ca fons in plasme results ic
ircreesed heuromugcular irritability, and the syndrome of
teteny (Xrane gt Ad., 1977). Tre level of calcium ians
that determined which features of tetany will bte manifested

ig highly veria®le 4n different irndividuals. 4An increase

l.!
s

ticartonete {ms in non-respiretory elkalosis); phosphate;
citrete £ as 1A massive blaond transfusién ) or ather erganic
iona will result in an incresse in complexzd Ca and a recduc-
tien in ionized caleium levels, <tons zraducing tetany in the
dresence of normali total celc’. -sncentration. Respiratery
zlkslosis produces tetany :tyv reduciig the proportinn of ion-

fzed calciums acidosis, non-respirztery nr respirstory
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