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SUMMARY

The Tirst patient I saw when I took up my clinical
‘duties at the Centre for Rheumétic Diseases in Glasgow
was a 59 year old spinster who had rheumatoid arthritis
for 39 years. She had been bedridden for eight years
and had received oral corticosteroid therapy for 15 years.
The patient was in severe agony from multiple vertebral
body collapse and from rib and long bone fractures. On
x-ray the bones were almost trgnsparent, and extensive

biochemical tests revealed no evidence of osteomalacia.

The patient's problem of osteoporosis intrigued
me and on reading the Titerature I was surprised to
find that very 1ittle had been done to study the
problem of bone loss in patients with rheumatoid
arthritis. For example, it was not clear from reading
the 1iteréture how much oral corticosteroid therapy
was responsible for bone loss compared to the disease

jtself.

Chapter I of this thesis describes an extensive
radiological investigation of osteoporosis in patients
with rheumatoid arthritis in order to assess its

extent and severity. The results show that osteoporosis



in rheumatoid arthritis is a generalised phenomenon,
which is particularly eyident in patients of both sexes
over the age of 45 years. In addition to the duration
of the arthritis, corticosteroid therapy was shown to
be the .other important variable in producing this

osteoporosis.

Chapter Il describes an extensive clinical study
of calcium metabolism in patients with rheumatoid arthritis
in an attempt to explore further possible factors in the
bone less occuring in this disease. One of the surprising
results of this investigation indicated that hypercalcaemia
is a not uncommon feature in rheumatoid arthritis.
Circumstantial evidence pertaining to serum and urine
biochemistry together with tentative conclusions from a
calcium absorption study suggested that the hypercalcaemia
might be part of a "hyperparathyroid-like" state.
However, immunoassay of serum parathyroid hormone levels
clearly indicated that this hormone was not elevated
and was thus not responsible for these biochemical
abnormalities. Similarly serum 25-hydroxyvitamin D levels
were normal but an interesting trend towards e]eQation

of serum calcitonin levels was noted.

The study was then extended to examine the effects

of rheumatoid sera on a bone culture in vitro. Bone

-, w'



resorption activity was demonstrated in the sera of those
patients who were hypercalcaemic. It is tentatively concluded
that this bone resorption is due to a substance, as yet
unidentified, which has some, but not all, of the broperties

associated with osteoclast activating factor.

These observations may subsequently be shown to have
therapeutic implications in the treatment of rheumatoid

arthritis.
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RADIOLOGICAL INVESTIGATION  OF

OSTEOPOROSIS TN  RHSUMATOID  ARTHR




OSTEOPOROSIS IN RHEUMATOID ARTHRITIS

One of the major difficulties when researching the historical
literature on rheumatoid arthritis is the lack of any definite

diagnostic criteria for the various arthritides.

Certainly one can, from the many excellent clinical descriptions
in older texts, establish with reasonable cexrtainty those cases which
would be regarded as rheumatoid arthritis by more modern critefia.
Nevertheless, nomenclature at least up to the middle of this century

has bedevilled the interpretation of clinical disease of Joints.

The term rheumatoid arthritis was first applied by Alfred
Baring Garrod in 1859. Although in many older writings one can read
descriptions suggestive of rheumatoid arthritis, the disease was not
actually degcribed per se until 1800 when Landré Beauvais published

hig thesis on "Goutte Asthenique Primitifn,

Juxta~articular osteoporosis is a well recognised radiological
feature of early rheumatoid arthritis (Bywaters, 1960), and in
patients with severe long-standing disease generalised osteoporosis
may alsgo be found (Boyle and Buchanan 1971). Despite the fact that
generalised osteoporosis may lead to pathological fractures of bones
very little work hasg been published on osteoporosis in rheumatoid
arthritis. This is perhaps surprising in view of the recogunition of
the widespread manifestations of rheumatoid arthritis, and the
suggestion by some workers that the term 'rheumatoid disease! would

be more appropriate (Ellman and Ball 1948). Before reviewing what



is known regarding osteoporosis in rheumatoid arthritis a brief

review of the general problem of osteoporosis would seem germane.

Egsentially bone consists of collagen fibres in a groundwork
of calcific inorganic matter (calcium phosphate and carbonate,
fluorine, sodium, magnesium, zinc and many other trace elements).
Since fone is largely an inorganic sgubstance lending rigidity and
hardness to the skeleton there is an undersgtandable tendency to
consider bone mineral as if it were metabolically inert. It is
therefore salutory to be reminded that bone has greater reparative
power than any other tissue in the body save blood (Last 1963).

It should also be noted that 30 per cent of body sodium resides in
the skeleton (Colling 1966) and that at any point in time extensive
exchange of elements is occurring between bone and other *tissues via

blood.

In 1885 Pommer distinguished between ogteoporosis and osteomalacia
at the histological level, but for many years osteoporosgis remained
enigmatic. The clinical entity of osteoporosis was first clearly
described in 1941 by Albright, Burnett, Cope and Parsons. Currenitly
osteoporosis is éefined as a condition in which the wvolume of bone
tissue per volume of anatomical bone is reduced. In practice this

ig usually diagnosged radiologically.

Howell (1966) has stated that osteoporosis is the commonest
metabolic bone disorder encountered in medical practice. Certainly
if the definition of osteoporosis as porosity or thinning of bone

ig accepted the prevalence is extremely high in both sexes in the



older age groups (Urist 1960, Gitman and Kamholtz 1965, Epker, Kelin
and Frost 1965, Smith and Rizek 1966, Nordin, McGregor and Smith
.1966, Morgan, Spiers, Pulvertaft and Fourman 1967, Smith, Anderson,
Shimmins, Spiers and Barnett 1969). A relationship between
osteoporosis and fractures is well established (Newton-John and Morgan
1968) and it is of interest that the incidence of bone fractures rises

with age (Knowleden, Buhr and Dunbar, 1964).

It has long been recognised that bone ceases to grow
longitudinally with the closure of the epiphyses. However, some
workers have provided evidence that growth continues after closure
of the epiphyses by bone being laid down on both the extermal and
internal surfaces of the shafts. (Epker and Frost 1965, 1966, Smith
and Rizek, 1966, Garn, Rohmann, Wagner and Ascoli 1967). Trotter,
Broman and Peterson (1960) provided a fuller picture of osteoporosis
as it applied to the whole of the adult life span in an attempt to
establish criteria of early as well as advanced osteoporosis. They
egtablished that the weight/ﬁolume ratio (apparent density) of whole
dry boneg obtained at autopsy fell with age similarly in both sexes
and in whites and negroes from twenty years of age onwards.
Subsequently Arnold, Bartley, Tont and Jenkins (1966) showed that
ash weight per unit volume in lumbar vertebrae decreased from about
thirty years of age onwards. Other workers results on post mortem
material have tended to confirm this impression of bone density
peaking al the third 4o fourth decade and subsequently declining

(Atkinson 1965, Saville 1965, Sissons, Holley and Heighway 1967).



In vivo studies employing X-ray densitometry technigues have also
tended to confimm this post mortem evidence (Nordin, Young, Bentley,

Ormondroyd and Sykes 1968, Smith 1970).

Roge (1967) concluded on reviewing the literature, that in most
cages, osteoporcsis is not a disorder which comes on suddenly in late
adulf life, rather i1t is a condition to which all people gradually
progress when they pass 20 years of age. Dent and Lyall-Watson (1966)
concur with this and regard the term "senile osteoporosis" as a misnomer
if it is meant %o imply that something new and fresh is happening in

old age.

The study of osteoporosig has been bedevilled by methodological
difficulties in assessment. A variety of methods have been used:
simple radiological measurements (Barnett and Nordin 1960)
quantitative microradiographis techniques (Jowsey 1966), tetracycline
labelling (Frost 1963), densitoﬁeteric techniques (Anderson, Shimmins
and Smith (1966) and calcium balance studies (Fraser, Harrison and
Jones 1960, Dymling 1964, Nordin, Smith and Glass (1964), Lafferty,
Spencer and Pearson 1964). None of these methods, however, has proven

entirely adequate in terms of accuracy.

The gimplest methods of assessment are radiological where the
cortical thickness of bone is measured. However, these are naturally
on selected parts of the skeleton and do not necessarily apply to the
skeleton as a wihwle. Modifications on the basic formula of the
metacarpal index of Barmett and Nordin (1960) have been introduced
(Morgan 197%) bub there is little evidence to suggest that any
individual methed ig better than any other. From radiological
assessments, percentile charts of bone density have been compiled
(Exton-Smith, Millard, Payne and Wheeler 1969, Smith 1970). These

charts indicate that the density of bone reached a maximum at age 35



to 40 years of age in both sexes, and then falls especially in females,

confirming the post-mortem data of Trotter, Broman and Peterson (1960).

X~-ray densitometry is a more complex method of measuring the amount
of mineral in a given segment of bone. It relies on the calculation of
the absorption of X-rays by the mineral bulk. However, the variation
in the amount of soft tissue oveflying the bone and technical
radiographic factors tends to complicate these procedures (Bakez,

Shraer and Yalman 1959). This technique was found to be more sengitive
than the metacarpal index, but the correlation between the two methods
was reasonable (Anderson, Shimmins and Smith 1966) suggesting that in
epidemiological surveys, the simpler metacarpal index was an adequate

measurement of osteoporosis.

The aetiology of ogteoporosis remains in dispute. Albright and
Reifenstein (1948) produced experimental evidence to suggest that
osteoporogis was due to a deficiency of matrix with calcium loss
occurring secondarily. On the other hand, Nordin challenged this
concept and produced evidence that calcium deficiency per se was the
primary cause of osteoporosis (Nordin 1961). The skeleton possesses
approximately 1000 g. of calcium in the young adult, and Dent (1969)
pointed out that only 50 mg of calcium loss per day was required to

produce an average degree of ogteoporosig in an older subject.

In any patient therefore who is losing bone mass, it is
reagonable to agsume that he or she is in negative 2alcium balance
either by cause or effect. Calcium balance status at any point in
time is dependent on dietxry intake, gbsorption capacity, urinary
excretion, faecal excretion and sweat loss. Studies of calcium
balance are therefore difficult, time consuming and tend to have a

fairly high degree of imprecision (error of 5 to 10 per cent) (Smith 1970).



Investigations of patients who have been immobiligsed have shown
negative calcium balances of as much as 600 mg. per day with markedly
raised urinary calcium values (Rose 1966). However, in many studies
of calcium balance in patients with primary osteoporosis, the calcium
balances are not markedly negative and urinary calcium levels do not
tend to be elevated (Whedon 1959, Nordin 1961, Spencer, Menczel,
Lewin and Samachson 1964, Rose 1965). This suggests that the
osteoporotic patient hag a negative calcium halance, 1little more than
normal individuals, confirming Dents! rather pessimistic view of the
difficulties of investigating osteoporosis from the calcium balance

point of view (Dent 1969).

4

Other aspects of the metabolic statué in ogteoporogis have
similarly been rather unhelpful in defining its pathogenesis. Serum
calcium levels are esgsentially within normal limits and in post-
menoPéusal women may lie in the upper limit of the normal range, and
urinary calcium tends to follow a similar pattern. In the majority
of patients with primary osteoporosis plasma phosphate and urinary
phosphate lie within normal limits (Nordin 1973). Investigation of
calcium abgorption have led to some apparently conflicting conclusions.
Dent and Friedman (1965) and Rose (1965), produced data which suggested
that calcium absorption was low in cases of spinal osteoporosis.
However, Avioli, McDonald and Lee (1965) suggested that calcium
absorption waé no lower in such patients than in normal control subjects

of the same age.

By now it will have been appreciated that the term osteoporosis
ig used for a condition about which relatively little is known. It
has been convenient to apply this term to almost any condition or
digeage in which there is demineralisafion of bone which does not fit
into a definite pattern of known bone disgease, e.g. hyperparathyrodism

or osteomalacia. Thus, "osteoporosis" was claimed as a secondaxy



phenomenon to thyrotoxicosis (Albright and Reifenstein 1948). Although
the histological appearance of bone in hyperthyroidism is not different
to that in primery osteoporosis, Follis (1953) demonstrated osteitis
fibrosa in bone biopsies from patients with hyperthyroidism, suggesting
that the bone disorder in thyrotoxicosis was not solely explained by
osteoporosis. However, at this point in time, it is still generally
accepted that osteoporosis may occur secondary to corticosteroid
therapy (Murray 1960) Cushings Syndrome (Sprague, Randall, Salassa,
Scholz, Priestley, Walters and Bulbulian 1956), immobilisation of a
limb (Sissons 1952, Stevenson 1952), aléoholism (Saville 1965), primary
biliary cirrhosis (Atkinson, Nordin and Sherlock 1956) and other

clinical conditions (Nordin 1973).

The éuestion of treatment of osteoporosis is probably one of the
most controversial topics in what is already a highly controversial
condition. To date there is no general agreement that osteoporosis
can be reversed (Rose 1967), but some workers advocate therapy with
calcium and small doses of Vitamin D (Nordin 1973), or albumin infusions
(Dent and Lyal Watson 1966) in an attempt to improve calcium balance
and improve symptoms arising from the osteoporotic state. The use of
sex hormone therapy and thyrocalcitonin has not been shown to reverse
osteoporosis, but possible may retard its development. Suffice to say
that evidence of a satisfactory wesponse to treatment of this condition
is lacking and the verdict on all therapies must remain the Scottish

Legal one of "not proven'.

Ag the "Sage of Norwich" in his treatise on Urr Burial, noted
"eeth, bones and hair give the most lasting defiance to corruption"
and were it not for the fact that "Iime which antiquates antiquities
and hath an art to make dust of all things hath yet spared these minor
monuments" we might not have appreciated that rheumatoid arthritis was

present in the world even in ancient times.



The oldest human bones showing evidence of "arthritis" were those
found in Lower Egypt by Petrie (1890) with a suggested date of circa
1300 BC. Next came the "arthritis" aiscovered by Eve (1890) in
ancient human remains in Egypt dated to the Ptolemaic period (second
century BC), however, in retrospect these changes of "arthritis" were
probably due to osteoarthritis. The bones of a Norse Viking, found in
the Christianed fjord; skeletal remains in Pompeii dogcovered by
Chiaje (1853%); those in the Convent of Marienthon in Pomerania by
Virchow (1869); those in the Roman Sarcophagus at Smithfield by
Dr. Norman Moore (1883) and those in the Catacombs of Paris found by
‘Lebert (1859) all testified to the existence of arthritis in ancient
peoples. However, it is not certain whéther or not these were
rheumatold axrthritis. In the latter part of the last century during
the course of excavations undertaken by the survey department of the
Egyptian Government in the tract of Nubia lying immediately south of
the First cataract of the Nile over 6,000 skeletons were discovered
ranging from early pre-dynastic times to the fifth century A.D.
Profegsor El%iott Smith and Dr. Wood Jones who examined these specimens
statéd in the Nubian Survey Bulletin that "the disease which shows
itgelf with by far the greateét frequency in the bodies of all periods
is rheumatoid arthritis" (Elliott-Smith and Wood Jones 1910). An
excellent photograph of bony destruction typical of rheumatoid arthritis
(erosions, thinning of bones and bony ankylosis) of the hand and wrist
occurring in a specimen from Ancient Nubis is evidenced by Lawfoxrd
Kmggs in his book, to support the antiquity of rheumatoid arthritis
(Lawford Kmeggs 1926). These archaecological finds testify to the
exigtence of rheumatoid arthritis in ancient times and also indicates
its presence in various geographical areas. Significantly it was the
bones which preovided information and yet to a large extent the involvement

of these same structures by the rheumatoid process has been relatively



ignored by medical scientists down the centuries. Certainly an excuse
can be made for these workers prior to the twentieth century being
unable to investigate the bony complications of rheumatoid arthritis
because of the absence of X-ray facilities. William Balfour in 1816
in his description of the disease mentions that rheumatism (rheumatoid
arthritis) affects muscle, nerves, blood vessels and all manner of
organs, but doeg not mention any effect on bone. However, Barwell
(1865) in his book is in no doubt that in chronic rheumatic arthritis,
(from his description of this disease it probably embraces both
rheumatoid and osteoarthritis) "the morbid action does not begin in

the synovial membrane, but in the bones".

Although many of his premises and conclugions are seen in hindsight
to be wrong he does give a very good pathological description of the
effect of rheumatoid arthritis on bone. "At a certain periocd of the
inflammation the thickened and condensed bone becomes gradually lighter.
The bone does not become soft, but rarified. The external shell of the
bone and the walls of the cancelli have become thinned. The gradual
rarefaction of the bone and the thinming of both internal and external
lamellae are due, I believe, to the sloﬁ ossification of the bone cells
which starves the intercellular osseous material and allows its gradual
absorption. Hence the peculiar action tgrmed osteoporosis, (enlargement
of the Haversian camals) is produced by absorption of the bony linings
of those channeld. Similarly, Bammatyne in 1896 writes, "On examining
sections of bone (from rheumatoid patients) and also of medullary tissues,
T was struck by the appearance of some of the latter. They were large
granular cells with many nuclei and in a few instances I found places
where they occurred in depressions of the bone. From these
circumstances there could be no doubt as to their nature. They were
osteoclastd and it is evident that the nature of the pfocess is a

rarefying osteitis".



In 1905 Odery Symes noted that when bones of patients with
rheumatoid arthritis were examined by X~-rays, they appeared moxre
translucent than normal bones. He also contrasted this finding with
the fact that in ostecarthritis the bones were more opague and
considered these features might be a useful diagnostic point in the
differential diagnosig of the two diseases. The claim that
demineraligation of bone occurring in rheumatoid arthritis ig due to
osteoporosis, is now a commonly held concept. (Soila 1958, Bywaters
1960, Castillo, El Sallab and Scott 1965, McConkey, Frazer and
Bligh 1965, Saville and Kharmosh 1967, Martel 1968 and Bjelle and
Nilson 1970), and the occurrence of localised "osteoporigish in relation
to the affected joints in patients with rheumatoid arthritis is well
recognised (Soilé 1963, Bywaters 1960, Bjelle mad Nilsson 1971,

" Duncan, Frost, Villanueva and Sigler, 1965, Martel 1968, Generalised
osteoporosis isg also said to be present in patients with this disease
(Soila, 1958, Berens, Locki, Lin and Norcross, 1964, McConkey, Frazer
and Bligh 1965, Saville and Kharmosh 1967, Virtama, Helela and Kalliomaki
1968, Mueller and Jurist 1973). The aetiology of the loss of bone
occurring in rheumatoid arthritis is still not understood. Local
inflammation, immobilisation, generalised catabolic processes and poor
nubrition in rheumatoid patients have all been implicated as causative
factors, but to date no concrete incriminagtory evidence has been
discovered. In addition, osteoporosis is a well known complication

of corticosteroid therapy; hence in patients with rheumatoid arthritis
recelving such therapy, it is quite likely that the osteoporosis
associated with rheumatoid arthritis might be further aggravated.
However, there is a marked paucity of quantitative information in

{ relaticn to the effects of age, sex, the severity of the clinical

symptoms, the duration of the disease, and the effects of treatment on



bone mass in patients with rheumatoid arthritis. This is all the

more surprising since quantitative measurements have been available
for over a decade. The techniques raﬁge from the morphological
measurements such ag cortical widths of the metacarpal, femur and
‘radius (Barnett and Nordin, 1960, Meema 1963) to the use of X-ray and
Y-ray densitometric techniques (Nordin, Barnett, MacGregor and Nisbet,
1962; Keane, Speigler and Davis 1959; Doyle 1961; Anderson, Shimmins
and Smith 19663 Cameron and Sorensen 1963; Shimmins, Anderson, Smith
and Aitken 1972; Shimming, Smith, Aitken, Anderson and Gillespie 1972).
Various studies have also shown that age and sex differences affect
normal pépulations (Smith, Anderson, Shimmins, Speirs and Barnett,
1969) end may influence the effects of disease and therapy (Smith 1970).
Thus, most of the research into "ogteoporosis" in rheumatoid arthritis,
has been channelled towards an assessment of the degree and extent of
demineralisation present and also the role of corticostercid therapy
in its genesig. The vexed gquestion of whether osteoporosis occur;ing
in rheumatoid arthritis is eimply a localised effect secondary to
inflammation and immobilisation or a more non-specific generalised

condition has yet to be answered.



PERSONAL OBSERVATIONS

The object of the investigations in this chapter is to attempt
to answer some of the problems related to osteoporosis in rheumatoid
arthritis. TFirst, I will describe sfudies using the metacarpal index
(Barnett and Nordin, 1960) to define the relationship between
osteoporosis and the clinical features of the disease and
corticosteroid therapy. Secondly, by studying the relationship between
the metacarpal index and the clavicular cortical width (Anton, 1969)
and femoral index (Barmett and Nordin, 1960). In these patients I will
attempt to ascertain the relative importance of local and systemic

factors in the pathogenesis of osteoporosig in rheumatoid axrthritis.



MATERTALS AND METHODS

The methods used for measuring changes in bone mass of the
femur and metacarpal wag that described by Barnett and Noxrdin,
(1960). ZX-rays of the left femur and right second metacarpal were
taken, the thigh and hand being placed in contact with the film, at
a film focal distance of 100cm. The internal and external diameters
of the bone at the midpoint were measured with a Vernier calliper.
The femoral and metacarpal indices were obtained by dividing the sum
of the cortical widths by the external diameter so as to allow for
differences in siwe, in order that direct comparisons could be made,
for example, between male and female patients. The thickness of the
upper cortex of the right clavicle, hereafter termed Clavicular
Cortical Thickmess (CCT) was measured at the midpoint of the clavicle
from postero-anterior chest radiographs using a Vernier calliper.

(Anton 1969)



Subjects studied

Four hundred and fifty-three patients with rheumatoid
arthritis were studied. The definition of rheumatoid arthritis used
wag the diagnostic criteria proposed by the American Rheumatism
Association (Ropes, Bennett, Cobb, Jacox and Jessar, 1959). The

patient group was composed of 158 males and 295 females.

A metacarpal index result was obtained in each of these patients.
In three hundred and sixty-one of these patients it was possible to
obtain a femoral index score and in three hundred and seven patients
it was possible to obtain in addition to the metacarpal and femoral

indices a measurement of clavicular cortical thickness.

The results of the metacarpal and femoral indices were
compared with control values obtained in normal subjects, these
being the relatives and friends of patients admitted to the general
medical and surgical wards of the Western Infirmary, Glasgow. The
object of the study was fully explained and the subject asked if
he/she would %olunteer to have an X-ray of the hand and femur
carried out. In this way, metacarpal indices of 312 male and 317
female normal subjects were obtained and also the femoral index

values of 119 female and 76 male normal controls.



A standard questionnaire was completed at the time to ensure
that anyone suffering from disease liable to affect bone mass was
excluded from the study. These normal subjects have been studied
separately and reported on in detail elsewhere (Smith, Anderson,
Shimming, Speirs and Barnett, 1968; Smith, Anderson, Shimmins,
Speirs and Barnett, 1969; Smith, 1970). Normal values for the
clavicular index were obtained from 2271 relatives of patients who
attended the Medical and Surgical wards of Stobhill General
Hospital, Glasgow, care being taken td exclude people who had

disease likely to affect bone mass.

Of these 2271 volunteers, 114 were males and 107 were females.
The mean age of the male subjects was 47.4 + 15.2 years (range 21
to 78 years), and female subjects, 48.1 + 16.6 years (21 to 79

years).



RESULTS

Table I:1 gives an analysis of the clinical and diagnostic
features of the patients in the first part of this sbtudy. This
includes the number of patients studied in each of four groups,
comprising male and female patients both treated and not treated
with corticosteroids. The statistics show the mean (+ 1 standard
deviation) of age, the duration of the arthritis, titre of
rheumatoid factor (Ball, 1952), age of onset of menopause, serum
albumin and globulin, haemoglobin concentration and erythrocyte
sedimentation rate. Only minor differences emerged between the
groups. The patients receiving corticosteroid therapy were on
average slightly younger, and had had the condition for longer.
However, these differences were not statistically significant.
The titre of rheumatoid factor was higher in those patients who
had been given steroid therapy but this was not statistically
significant. The mean haemoglobin was significantly higher in
the male compared with female subject, but the steroid-treated
groups did not differ significantly from the non-gteroid treated
subjects of the same sex. Serum albumin and globulin levels, and
erythrocyte sedimentation rateg did not differ significantly
between the groups. ‘The rean age of onget of the menopause was
nearly identical in the two female patient groups at 45.2 and 45.8
years of age. Of the 158 male patients studied, 24 were receiving
treatment with corticosteroids, and 134 were not. In Fig.I:1
(a and b) the metacarpal index was related to age in the non-

treated group (Fig.I:la) and steroid treated group (Fig.I:1b).
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Superimposed on these results were the 5, 50 and 95 percentile

lines obtained from the 312 normal male subjects.

Table I:2 shows the percentage of patients below the 5th
percentile in each group after sub-dividing the patients into groups
45 years of age and above, and those below 45 years of age. This
age division, is of course, arbitrary and was chosen because the
mean age of the menopause occurred at this age in the female subject,
and it therefore seemed logical to divide them into these groups for

comparison.

Of the 114 male patients not on steroid therapy and aged
45 years and over, 42 (36.8%) were below the 5th percentile
(Table I:2). Only 3 of the patients (15%) under 45 years of age
were below the 5th percentile. Only one male patient who was
treated with corticosteroids was below the age of 45, and his
metacarpal index lay on the 10th percentile. Of the 23 patients
aged 45 and over, 7 (30%) were below the 5th percentile. Of the
295 female patients studied, 109 were receiving treatment with
corticogteroids and the remaining 186 were not. In Fig.I:2 (a
and b), the metacarpal index was plotted in relation to age~in the
neon-gteroid treated group (Fig.I:Za) and the steroid-treated group
(Fig.I:2b). Superimposed on these results were the 5, 50 and 95
percentile values obtained from the 317 noxrmal female subjects.
Table I:2 shows the percentage of patients below the 5th percentile
in these two groups after dividing them into groups showing those

below 45 years and those above 45 years.



Male

Female

Non~- . on- .
. Cortico- . Cortico-
Cortico- . Cortico- .

. steroid . steroid
steroid treated steroid treated
treated treated re

Under 45 Years
of age s eoa 15‘/’6 - 22. ?:; L"O.?%
L5 Years of
age and Over 36.8% 30. 4% 36.7% 62.2%
TABLE T:2

The Percentage of Patients beleow the 5th Percentile

treated or not treated with corticosteroids
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Of the 186 non-steroid treated female patients, 58 were
below 45 years of age and the remaining 128 were 45 years or over.
As in the male group, those patients 45 years and over appeared
more severely affected than the patients under 45 years, 36.7% of
those 45 years and over lying below the 5th percentile compared

with 22.4% of those under 45 years of age (Table I:2).

Of the 109 steroid-treated patients, 26 were under 45 years
and 40.7% of them were below the 5th percentile. Of the remaining
82 female patients 45 years or over, 62.2% were below the 5th

percentile.

In order to test for statistical differences between the normal
subjects and the patients with rheumatoid arthritis, it is
necegsary to look for differences by decades. Thig is because of
the fall in the metacarpal index which occurs with increasing age
in normal male and female subjects. Fig.Il:3%a shows the mean and
standard error of the metacarpal index for the normal male subjects
and the male subjects with non-steroid treated rheumatoid arthritis.
No significént difference between the normal subjects and the patients

was found under the age of 45 years.

In the patients aged 45 years and over, however, a highly
siéﬁificant difference was seen (P« 0.001) at the three decades
from 46 to 74 years of age, the patients all having lower
metacarpal indices. In the small group of steroid-treated male
patients (Fig.T:3b) statistical differences were apparent

(I’(0.001) in the two decades between 56 and T4 years of age, again

the patients having lower metacarpal indices.
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A similar picture emerged in the non-steroid treated female
patients (Fig.I:3c). Significant differences were observed between
26 and 34 years of age, bulbt none between the ages of 36 and 45 years.
In the three decades between 45 and 74 years of age, the patients
metagarpal indices were significantly lower than those of the normal
subjects (P4 0.001). In the steroid-treated group (Fig.I:3d) the
female patients in the decades between 25 and 74 had statistically

significantly lower metacarpal indices than the normal subjects.

The Effects of Duration of Rheumatoid Arthritis, and the Effects of
Duration of Stercid Therapy on Bone Mass

The effects of duration of this disease and the effect of
treatment with corticosteroids in the patients has been tested in
two ways: firstly, as a direct measurement of the metacarpal index
to the duration of the rheumatoid arthritis, or rheumatoid patients
treated with steroid therapy; secondly, as a measurement of the
percentile value in relation to tﬁe duration of the disease or steroid
therapy. The latter ig necessary to exclude any influence of age on
the results. When this was considered for the four groups as a whole,
no significant relation to duration of the diseage or duration of
steroid therapy was found. However, scrutiny of Fig. I:3 suggests
that older patients are more severely affected and, therefore, male

and female patients over the age of 45 years were eiamined.

The effects of the duration of rheumatoid arthritis in male
patients over the age of 45 years are illustrated in Pig.Il:4 and

detailed in Table I:3%. ‘In the male patients, the metacarpal index



Fig I 4

" The Metacarpa] Index for male patwents wzth rheumato1d arthr1t1s 15
. shown plotted against the duration of the:'disease.. . . VR
" There is-a wide scatter but the fall in- Metacarpal ‘Index- 1s
-_°iqnﬂf1cant1y related to the durat10n of the diseas'«a ‘

‘fsee Tab1£ 1+ 3
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is inversely related to the duration of the disease. However, when
considered asg percentile values it fails to reach significance. In .
the steroid-treated group of male patients over 45 years of age, the
fall in metacarpal index was inversely related to the duration of the
disease (P£0.01) and when congidered as a fall in the percentile
value (P¢0.05). In the female subjects (Table I:3) a highly
significant fall was found in both the metacarpal index and the
percentile values in both the steroid and non-steroid treated groups

over the age of 45 years of age.

The possible effects of age on bone losg in the non-steroid and
steroid-treated patients are examined in Table I:4. Since the bone
mass, measured as the metacarpal index falls with age in both males
and femaleg, the bone loss over and under 45 years of ags is
expressed as the percentile value so that the relative changes from
normality can be determined. As can be seen, the patients in all
eight groups at 45 years and over have lower percentile values than
thoge under 45 years of age. However, it is only in the non-steroid
treated female patients that statistical significance ig achieved.
There was only one male patient under 45 years of age who received

gteroid therapy.

The possible effects of the patient!s sex on bone loss in the
non-corticosteroid treated groups, and those patients treated with
corticogteroids, is exumined in the same way in Table I:5 using the
percentile valueg of the wmetacarpal index. No significant differences
emerged in any of the groups. Again there was only one male patient under
the age of 45 receiving steroid therapy so no comparison could be

made in this group.
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The effects of corticosteroid therapy were tested (Table I:6)
by comparing the percentile differences in metacarpal index in the
non-stercid and steroid treated patients who were 45 years of age
and over and those under 45 years of age. Again there was only one
male patient under 45 years, so no comparison could be made in
this group. In the male patients who were 45 years and over, no
gignificant differences was seen. However, in the female patients
who were treated with steroid therapy the bone mass was found to be
significantly lower than that found in the patients with rheumatoid

arthritis who had not been treated with steroid therapy.

However, difference in bone loss could arise between the patients
above and below 45 years of age because of the duration of the
arthritis or the duration of corticosteroid therapy. Trom Table T:7
it can be seen that the males above and below the age of 45 years
of age had rheumatoid arthritis for a longer mean time than the
female subjects, but thege differences were not statistically
significant. Male and female patients aged 45 years and above had
had- rheumatoid arthritis for significantly longer than the patients

under 45 yearsg of age.

Male patients aged 45 years and over had been treated with
steroids for significantly longer than the female patients of 45
years and above. There was, however, no significant difference in
the length of time that female patienté under the age of 45 years

had been treated compared with those over the age of 45 years.
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In three hundred and fifty-one of the patients invéstigated in
the first parf of this study it was possible to obtain a femoral
index value. The results of the analysis of their c¢linical and
diagnostic criteria are shown in Table I:8. These are shown as the
mean and 1 8.D. in each patient group. The mean age of the male
patients was significantly greater than that of the female patients.
This difference was still apparent after subdividing them into
corticosteroid treated and non-corticosteroid treated groups, the
male patients being gignificantly older than the female patients.
There was no significant difference in age between the steroid and
non-gteroid treated male patients oxr between the steroid and
non-gteroid treated female patients. A similar patbtern emerged
when considering the duration of the arthritis which was, on average,
present for longer in the male than in the female subjects. The mean
titre of rheumatoid factor was higher in both the male and female
corticosteroid treated groups than in the non-steroid treated patients,
though these differences did not reach statistical significance. Iﬁ
the female patients, the age of onset of the menopause was almost
identical in the corticosteroid treated and non-corticosteroid treated
groups. The mean serum albumin and globulin levels were slightly, but
not significantly higher in the male pabients. The mean erythrocyte
sedimentation rate was not significantly different in any of the
groups. The maie patients had a significantly higher haemoglobin
level than the female patients in all three groups. However, there
was no significant dii'ference between the sieroid and non-steroid

treated male patients and this was also true for the female patients.
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Bone loss is well known to occur in both male and feﬁale
subjects with increasing age, as measured by the femoral index Nordin,
McGregor and Smith (1966); Smith (1970). The femoral indices in the
patient groups have therefore been compared by decades with the
control subjects. In Fig.I:5 the femoral indices of the
noncorticogteroid treated female patient group is seen to be
significantly lower than thoge of the control subjects in each decade
between 25 and T4 years of age. In the female corticosteroid treated
group, the femoral indices were significantly lower than in the normal
subjects in all age groups, except in the decade 25 to 34 years of
age (Fig.I:6). When the femoral indices in the steroid and non steroid
treated groups were compared (Fig.I:7) the steroid treated groups at
each decade had marginally lower mean values, bubt in no decade did
this reach statistical significance.

In the male patients who had not been treated with corticosteroids,
the mean femoral indices were all lower than those of the control
subjects in each decade between 25 ahd 74 years of age (Fig.I:S),
but only reached statistical significance between 45 and 64 years.

The number of male patients who were treated with corticosteroids

was small (twenty-four), one patient was below 45 years of age, and

the rest ranged between 45 and T4 years of age. The mean values were
lower in each of the three decades, compared with the control subjects,
but only reached statistical significance in the 55 to 64 year age
group (Fig.T:9). When the steroid treated male patients with
rheumatoid axthritis were compared with the non-steroid treated group
in the three decades 45 to T4 years of age, no significant difference

between these groups was found (Fig.I:10).
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The relation between the femoral and metacarpal indices in the
various patient groups is shown in Table I:9. The patients have
been divided into two groups - 45 years of age and above, and those
below 45 years - since this is the mean age of the menopause after
which the rate of bone loss accelerates. The malegs also have been
divided into those 45 years and above, and those below 45 years, so
that the different male and female age groups correspond. The
relation between the femoral indices and metacarpal indices in the
entire male and entire female groups is also shown. Only one male
patient under 45 years of age was treated with corticosteroids. The
femoral and metacarpal indices are clearly related except in the
corticogteroid treated female patients under the age of 45 years.
However, the highest correlation coefficient, 0.736 for the
corticosteroid treated male patients, gives a coefficient of

determinancy of only 0.542.

In order to test this further, the femoral index and metacarpal
index have been examined for concordance and discordance compared
with the normal values. The results are shown in Table I:10. The
patients have been divided into male and female groups and-each of
these in turn into steroid treated and non-steroid treated. TFinally,
the groups have been sub-divided into those 45 years of age and above,
and those below 45 years of age. In the male patients, concordance
ranges from 62 to 100% when values for both the femoral index and
metacarpal index lie within the 2 S.D. range of the nommal values, and
16 to 21.7% when both values lie without the normal 2 S.D. range.

In the female patients, the corresponding concordance ranges between
45.2% and 62.7% and 4.6% and 12.6% for values within and without the

2 S5.D. range for normal subjects.
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Discordance ranged from 13% to 14.8% in the male subjects when
the femoral indices were normal and the metacarpal indices abnormal,
and 4 to 4.6% when the metacarpal index values were normal and the
femoral index values were abnormal. In the female patients, 2.3%% to
37.7% and 5.6% to 33%.3% were discordant when normal femoral indices
and normal metacarpal indices were considered. Total concordance and
digcordance percentages are shown in the last two columns Table I:10.
Numbers of patients are small in gome groups due to the division of
the patients into eight categories. However, if the total value for
each of the male and female subjects is considered, the metacarpal
index is more frequently abnormal than the femoral index - 12.6%
compared with 4% in the male patients, and 21.%% and 13.9% in the

female patients.

The duration of axrthritis in the steroid and non-stercid treated
groups of patients is shown in Table I:11, Only one malé patient below
the age of 45 years was treated with corticosteroids. In the remaining
groups, the steroid treated patients had had rheumatoid arthritis for
a longer period than had the non-steroid treated patients. These
differenceg reached statistical significance in the male patients of
45 years of age and above, and in the female patients under 45 years
of age. There is no significant correlation between the duration of
the arthritis and the femoral index in either the steroid or non-sterecid
treated male patients, as is shown in Table I:12. In the female patients,
the femoral index is significantly correlated to the duration of the
disease in both the steroid and non-steroid trezted patients over the
age of 45 years, but not under the age of 45 years. In Table I:13
correlation between the duration of steroid therapy and the femoral
index is shown. There is a statistically significant correlation in

both male and female patients over the age of 45 years.
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The third part of this study loocks at the metacarpal and
femoral indices together with the clavicular cortical thickness
in three hundred and seven of the patients included in the initial

part of the study.

Table T:14 summarises the clinical and laboratory data of
these patients and shows the mean (% 1.S.D.) of the following:
age; duration of arthritis; titre of rheumatoid factor; age at onset
of the ménopause; serum albumin and globulin concentrations;
haemoglobin concentration and erythrocyte sedimentation rate. Only
minor differences existed between the groups and none of these
reached statistical significance. Fig i:11 shows the changes in
the clavicular cortical thickness (CCT) in normal and non-
corticosteroid~treated rheumatoid male subjects in 10-year age
groups. Both groups show a fall with increasing age, however, and
in each 10~year age group the patients had statistically significantly

lower mean values than the normals.

The number of male subjects receiving corticosteroids was
relatively small, and there was only one patient below 45 years of
age(Fig. T:12). Only those patients between 55 and 65 showed
significantly lower values than the normals. The CCT in the
corticosteroid- and non-corticosteroid-treated male subjects is
shown in Fig. I:13. No sigpnificant differences were found between

the two groups.

The data from the female patients was examined in the same way.
In Fig. I:14 it can be seen that the clavicular cortex decreases with
age in both the normal subjects and the non~corticosteroid-treated

female patients. There is a significantly lower mean CCT in each of
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ﬁThe mean and standard error of the c]av1cu1ar score- (C C T. ).in- ten

“year.age groups in norma1 male subjects and: in male patients- w1th
~,“rh9umat01d arthritis not receiving corticosteroid therapy.

‘%1qn1f1cant differences between the norma] subaects and pat1ents

nstud1ed are ind1cated RN

gt‘




CLAVICULAR SCORE

MALES

1<

E Normal

I R.A. not recieving corticosteroid therapy

H

3
p = <001 <0025 <0-001 <0-001 <0005
26 =35 36 —45 46 =55 56 =65 66 — 75

AGE IN DECADES






CLAVICULAR SCORE

MALES E Normal
I R.A. receiving corticosteroid therapy
p=N.S <005 N.S.
26 =35 36 — 45 46 =55 56 —-65 6 = 75

AGE IN DECADES



ts

1e

rapy

1 7ten year:
“patien
ther

d
ated:

t

in

)

nd
rol

(c
s:a
P

icos?

cort
ps ar

ing
rou

lavicu
ceivin
wo g

et

N

@
s
o)
g
L
-

f

error o
who
etween

W

18
b

t

rences

ri

«diffe

~rheumatoid-arth
ignificant:

P




CLAVICULAR SCORE

MALES E R.A. not receiving corticosteroid therapy
I R'A. n L] n
p=NS N.S N.S
26 —35 36 ~45 46 —55 56 =65 66 - 75

AGE IN DECADES



“me 14

. The mean and standard error of the. clavzcuiar score (C C T ) in ten year
Cage groups in normal female subjects and in female patients. w1th N
‘rheumatoid arthritis not receiving corticosteroid therapy
-?13n1f1c3nt d1fferences between the narma] subjects and patients are”
ndicated. . E S S o




CLAVICULAR SCORE

FEMALES

H

¥1

E Normal

I R A not receiving corticosteroid therapy

H

[ ]
p=<0-001 <0005 <0001 <0-001 <0-025
26 =35 36 —45 46—55 56 =65 66— 75

AGE IN DECADES



the 10-year age groups when the patients are compared with the

normal subjects.

Fig. I:15 shows a comparison between the normal subjects and
the corticosteroid-treated rheumatoid patients. Again, in each
10~year age group the patients show significantly lower values than
the normal controls. There was, however, no significant difference..
between the corticosteroid- and non-corticosteroid-treated female

patients (Fig. I:16).

The relation between the duration of the arthritis in the patient
groups is shown in Table T:15. The female patients were divided into
those above and below the age of 45 years (the average age at
menopause), and the male éatients were divided into the same age
groups, for comparison. Significant results were found only in the
male subjects. Both the corticosteroid and non-corticosteroid groups
over the age of U5 years showed a significant fall in the CCT with

increasing age.

The CCT has been correlated with the metacarpal and femoral indices
and the results are shown in Tables 1:16 and 1:17. The patients were
divided into corticostercid- and non-corticosteroid-treated groups.
There was only one male patient below 45 years of age who had been
treated with corticosteroids. Significant correlations were found
between the CCT and the metacarpal index (Table I:16) in all the
groups except for the corticosteroid-treated female patients under the
age of 45 years. There was a significant correlation between the CCT
and the femoral index in all patient groups (Table 1:17) except again
for the female patient group below 45 years of age receiving

corticosteroid therapy.



""i-aqe -groups in normal female subjects and in the female patients. w1th'

:Fig I’ 1

The mean and %tandard error- of the clavicular score. (C c. T )A1n’£en year;ﬂw;'fq
~ pheumatoid arthritis who were receiving corticosteroid therapy. .. = .-
. Significant differences hetween the normal subaects and the pat1ents

;i-stud1ed are 1nd1cated ; S R R




CLAVICULAR SCORE

83

FEMALES B normal
I R.A. receiving corticosteroid therapy
p =<0-001 <0-001 <0-001 <0-001 <0-02
26 —35 36 =45 46 —55 56 — 65 66 - 75

AGE IN DECADES



. age ‘groups in female patients with rheumatoid arthritis and- in female"

“"’therapy

C FigI:16

 -The mean and standard error of the c]avicu1ar score (C C T ) 1n ten year,ﬁj ;'é

patients with rheumato1d arthr1tis ‘who were rece1V1ng cort1costero1d e

. oignificant d1fferences between the two groups are 1nd1cated |




CLAVICULAR SCORE

w

FEMALES

-

B R.A. not receiving corticosteroid therapy

Tra - : :

Hi By

N.S. N.S. N.S. N.S.

26 —35

36 =45 4655 56 ~ 65 66 - 75
AGE IN DECADES



QUBOTITUSTS 40U = °*S*U

(Xq + ' = £) ST3TIYLIIe PIOFBUMIYL UJTH
sjusTaed eTeway pue S[BW UL (X) 2S2aSTP SU3 JO UOTZRJIND YL pUB
(£) UIPTM X93J00 JRTNOTABRTO US8M3DQ UOTIBTAI dYJ

QLT dTIOVE

L00®0 ? 63°¢ %50 oL*0 9h*e ¢2 &< W sesesese  PEIVOIL-PTOILISCOTIIO]
Lo®*0 > WA 20 c0*0 AR - QoL G4 < W °°°t  PeYEsdl-pPICJIS]SCOTII00-UOY
- - - - L Sn Y H seTretcT  DPR3EBIIY-PTOISSOITILA0)
stu ey L 7°0 c0*0 g6 e gL Sq> H ****  P93}EIII-PTOIDISOOTII00-UOY
eqey 260 2L°0 002 20 8¢ Gh < I secsesss  DE1BPRI}-PIOISLSODTIION
*seu LH°0 $0°0 66° L L47°0 49 Gy< g s++* DBLBLOIF~-PTOISISODTFIOO-UOCY
*etu ¢4q°0 2170 e e €0 Ll G > I seeesess POIEOIG-PTOISISODTZIO)
rseu HL0*0 L00"C nete LO*0 74 SH> g *e*  PO3EIIL-PTOIBISOOTIXOO-UOYN
s105(
d 3 I q e -qng 28y X3g dnoasn Te2TUTII)
Jo oy
1 -




JUBDTITUSIS qou = °s°U

ST3TJY3Ie PIojeunsyl y3im siueTsed UT XopuT Tedamwdowilaow pue

X9PUT JBIROTARTD USaM12Q QUSTOLIFO02 UOTRBTSJJI0N

gL:I UWIEvVdL
LOO"C T 840 L@t 6°¢ ¢e Gn< 2 tesecrss DBIREIL-PTIOJS3SODTIION
LOO*0 Y 25 gL 4370 2 gL 7G* L g0t G W ****  P93RSI}-PTOI9S0ITFI00~UOY
- - - = L G > AW Tereettt PRYBadl~pIOJsl500TI00
Lo0*C > Qe h 240 ]3°¢L 19°22 QL > W see+  DPO]BOIF-PIOIS1ISODTLICI-UOYN
LOO*0 > 90°& ®9°0 8°9L e Qs Gy < I eesreses  DIIRBIL-PTOIBISODTZIOD
LOC"0 > GLe4 99°0 6491 #9°LL g9 Gh < I *evs  DB]EBBII-PTOJISLSODTFICO-UOY
sty 680 Le*o Gy 2°¢h LL S g sessecss  P3IBOIF-PTOISISOCTRION
L0*0Y €42 Zh*0 g Ll o Le 29 Gh %y A **** D331EBI}-PTOIILS0DTIIOD~UOY
gsyoaf
d 3 I q e -qng 22y xag dnoxsy TeOTUIT)H
FO "oy




ST3TIY3Ie PTOTRWNSYL Y3TIm sjuetied UT
X9PUT TeJOoweJ pPUB XoPUT JELTNOTABRTO UISM3Dq JUSTOTIFO0D

4L EIAVL

UOT3BTIIION

_\oo.o..v LUAR 69°0 Leeel e ¢c ¢ < W fettettt PIIRIII-PTOILIS0OTII0D
10070 B} leTel 9.0 64°¢L 66°¢e q0L G <€ K *ess  P278BAI}-PTIOI81800TIIO0-UON
- - - - L TR H tecesecs  DOIEOIL-PTOISSOOTIXOY
LO0*0 P | 48°H £44°0 | LG %L 6¢ e 3L Gy > H *e**  DPI1BAII]-PIOJISLISOITFIOO~UIY
LOO* 0> | 96°¢ €0 ¢Ho2L 90°22 olq Sh e sreecees  1H3120J]~0TOIO2S00TRIOH
¢o*0 »| 90°2 #2°0 L6°% o 6e 49 Gh 2 d s+*+ DB1BEI-PTOIS1S00TII0O~UOY
Gcro<L| 63°L #7°0 04 G s Ll - I secessss  DHIBOII-PTOIS3TOSTIION
Goo*oP| 62 $H*O VAL 6° 1< Lg Gh S i *ree  P3BLI1-PTOJB}SO0TII00~UCH

ga09f _

d 1 I q =4 -qng o8y Xag dnoxn TeoTUTT)

F0 *ON




Table I:18 summarises the results of comparison of the
clavicular cortical thickness with the metacarpal and femoral indices
in terms of concordance and discordance of results. It can be seen
that there is an overall high concordance of results, but that the
metacarpal and femoral indices were more frequently subnormal in
both male and female patients than the measurement of clavicular
cortical width. The definition of a subnormal value in any of the
measurements was a value lying below the value of 2 S.D. in the

normal subjects, taken in decades.
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DISCUSSION

It is widely accepted that bone loss occurs in patients with
rheumateoid arthritis, and that excess of circulating corticosteroids
exacerbate the bone loss which occurs naturally with increasing age
(Sissons, 19563 Villanueva, Klein and Frost, 1964; Saville, 1970;
Robbins and Saville, 1971). However, there are a number of questions
related to the magnitude cf these losses which remain unanswered. In
the first part of this study employing the metacarpal index alone, an

attempt was made to answer the following guestions:-

1. Is the magnitude of the bone loss in rheumatoid arthritis
significantly greater than that which occurs in normal men

and women with increasing age?

2e Is the bone loss related to the length of time the patients

have had the disease?

BN Is increasing age an important factor in determining the

amount of the bone loss?

4, Is the bone loss in rheumatoid arthritis more severe in the

male or female patients?

5. Does corticosteroid therapy significantly affect the degree

of bone loss?



6. Is the younger patient (below 45 years of age) or the older
patient more severely affected in the degree of their bone

loss by the use of corticosteroids?

T, Do corticosteroids cause more bone loss in male or female

patients?

In the initial part of the study I measured only the bone loss
in the second metacarpal of the right hand measured by the
metacarpal index of Barnett and Nordin (1960). Rheumatoid arthritis
is known to affect the joints of the hand early and often more
severely than other Joints. Clearly local factors could therefore
be important in the bone loss and I have not initially attempied
to suggest that the changes seen in the metacarpal represent changes

elsewhere in the skeleton.

When the patient groups were broken down iﬁto the corticosteroid-
and non-corticosteroid-treated groups, the titre of rheumatoid
factor was higher in the steroid treated groups but these differences
were not gtatistically significant. The erythrocyte sedimentation
rate, haemoglobin levels, plasma proteins and other clinical and
laboratory indices in each group were very similar. Comparisons
were therefofe, possible between the groups, and each group was in

turn compared with normal subjects.



From the evidence accumulated in the initial part of this study,

the answers to'the seven questions posed seemed as follows:-

The bone mass was significantly decreased in both male and
female patients compared with normal subjects. In the female
patients the mean values of the metacarpal index are
significantly lower than in the normal female subjects from

26 years of age upwards. In the males below 45, the mean values
are lower than in the normals, but significant differences do

not emerge except in those above the age of 45 years.

The bone loss, measured as the metacarpal index, falls
gignificantly with the duration of the disease. Since the
changesg are algo evident when the percentile metacarpal index
is used this relation cannot be an artefact caused by older
patients having had the disease for a longer time than the

younger patients.

Since increasing age itself is accompanied by bone loss in normal
subjects . and would be expected to occur in the patients, it was
necessary to compare the bone logs in the patients above and
below the age of 45 years by comparing the mean percentile
changes. The male patients aged 45 years and above had a lower
mean percentile metacarpal index than those bel.ow the age of 45
years (24.42 compared with 54.40) but this difference was not
statistically significant. The female patients aged 45 years

and over did show a significantly lower mean percentile value

. ..
than thoge below the age of 45 (P<:0.02). However, it can be



seen from Table I:7 that the older patients have, not
surprisingly, had their disease for significantly longer. The
bone loss was also significantly directly related to the
duration of the disease. These differences could, therefore,
arise simply due to this and do not necessarily indicate that
the older patient is more susceptible to bone loss secondary

to hormonal or other changes.

Normal female subjects showed a greater loss of bone than

normal males, with the accelerated bone loss occurring after

the menopause. Disease may, therefore, have exacerbated bone
loss to a greater extenf in the female subjects. However,
examination of the percentile values of the metacarpal index

in male and female patients under 45 years of age, and 45

years of age and above ghowed no significant differences between
the male and female patients. That 1s, sex was not a
significant detexrmining factor in the magnitude of the bone loss

in patients with rheumatoid arthritis.

Female patients with rheumatoid arthritis who had been treated
with corticosteroids had gsignificantly lower mean metacarpal
indices than normal subjects between 26 and 75 years of age.
In the male patients on corticosteroids, significant lowex
values only emerged between the ages of 55 and 75 years. When
the steroid treated female patients were compared with the
non~steroid treated, the former group was found to have
significantly lower percentile metacarpal values in both the
under and over 45 year age groups. _This suggests that

corticosteroids had caused a greater degree of bone loss than



that which would have occurred as a result of the disease alone.
However, the possibility that the steroid treated group may
have had more bone loss due to the slightly (but not significantly)

longer duration of the disease, cannct be completely ruled out.

6. There wag no evidence to suggest that the steroid treatment has
more sgeverely affected the female patients of 45 years of age and
over compared with the female patients below 45 years in spite of
the longer duration of the steroid therapy and of the disease in
the older steroid treated group. This compsrison was not possible

in the male.patients because of insufficient numbers.

Te When the bone loss in gteroid treated male patients of 45 years
off age and upwards was compared with that in females in this age
group, there was a greater mean loss of bone in the female

patients, but this was not statistically significant.

The conclusion reached in the first part of this study was that
rheumatoid arthritis led to a loss of bone in both male and female
patients as measured in the second metacarpal. This loss was
directly related to the duration of the disease. However, the bone
loss wag not significantly different when male and female patients were
compared. The bone loss was greater in patients who had been
receiving steroids than those who had not been so treated. There was
some evidence to suggest that the older patient was more severely
affected by the disease, bubt since the older patient had generally

had the disease for longer this cannot be accepted as proven.



There was no evidence to suggest that female patients were
significantly more severely affected by steroid treatment than the

males.

Baving shown that significant bone loss occurs in the metacarpal
of patients with rheumatoid arthritis and taking into consideration
the fact that rheumatoid arthritis is a generalised disease affecting
many tissues remote from the jJoints such as the heart and lungs, the
question of the extent of bone loss in rheumatoid arthritig is raised.
Any such generalised loss of bone could be the result of immobility
resulting from joint pain and stiffness, the generalised inflammatoxy
nature of the disease or from the use of corticosteroids. It is fair to
note that the joints of the hands and wrists are especially subject to
rheumatoid changgs and thuas the local effects of the disease might be
more liable to affect bone mass in the metacarpal, especially as it
ig a relatively small bone, rather more than the larger more central

bones of the body.

The femoral index and the clavicular cortical thickness were
considered less likely to be subject to local disease activity, thus
these indices were measured and compared with the metacarpal indices
in the same patients in order to assess the extent of bone loss
occurring in rheumatoid arthritis. The changes occurring were noted
and compared as individual indices with age and sex matched normal
subjects. In addition information relating to the effect on bone

of corticosteroid therapy in rheumatoid arthritis was established.



The administration of corticostercid hormeones is kmown to produce
osteoporosis in other conditions (De Martini Grokoest and Ragan,
1952., Teicher‘and Nelson, 1952., Reifensteiﬁ; 1955.) and this
condition of bone is algo known to occur in Cushings Syndrome
(Knowlton, 195%., Wang and Robbinsg, 1956). However, the effects
of corticosteroids on patients with rheumatoid arthritis are less

predictable.

Corticosteroids reduce the local and generalised inflammatory
changes, and could therefore improve mobility. In this way, they
could reduce bone losg, and the end regult would be a balance between

the two opposing effects of the steroid therapy.

The invegtigations showed that there is a significant loss of
bone in the femur, compared with normal, age-matched subjects,
measured as the femoral indes in both male and female subjects with
rheumatoid arthritis. Moreover, the bone loss was much more
significant in the female subjects. In the male subjects,
gignificant bone loss was seen gnly in patients 45 years of age and
over. There was a very 