
Annals of the Rheumatic Diseases 1989; 48: 483-487

Reduced bone formation in non-steroid treated
patients with rheumatoid arthritis
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SUMMARY The cellular basis of trabecular bone loss in rheumatoid arthritis was investigated in 45
non-steroid treated patients. Mean wall thickness, an indicator of the amount of bone formed per

remodelling unit, mean interstitial bone thickness, which is related to resorption depth, and the
extent of trabecular surface covered by osteoid, which reflects the number of remodelling units,
were assessed in iliac crest biopsy specimens. The mean wall thickness was significantly reduced
in the patient group when compared with controls matched for age and sex (mean (SD) 39.8 (5.4)
v 51-6 (9.7) ,tm). There was no significant difference between patients and controls in the mean
interstitial bone thickness (51.0 (26.4) v 61.4 (31.9) fim) or osteoid surface (16-7 (11-4) v 21.0
(10.5)%). These results show that reduced bone formation at the remodelling unit level is the
predominant mechanism of bone loss in rheumatoid arthritis.

An increased prevalence of generalised osteoporosis
has been reported in patients with rheumatoid
arthritis,1- though it is uncertain whether this is due
to the disease itself or to related factors such as

3 4 784910Serasteroid treatment 4 7 8 and inactivity. Several
studies have shown a reduced trabecular bone
volume in iliac crest bone obtained from patients
with rheumatoid arthritis,"1-3 and we have recently
demonstrated significant trabecular thinning in a
group of such patients who had not received steroid
treatment.'3 The cellular basis of this bone loss has
not been established; most kinetic and biochemical
studies have indicated that bone formation is
decreased,1418 though others have produced evi-
dence for increased bone turnover. '920 Histomor-
phometric data in patients with rheumatoid arthritis
are scarce, but one detailed study of cortical bone in
seven patients treated with salicylate reported evi-
dence consistent with decreased bone formation.21
Bone remodelling in trabecular bone occurs at

discrete sites on the trabecular bone surface, old
bone tissue first being removed by resorption and
then replaced by formation.22 The amount of bone
formed in each of these units (basic multicellular
unit) reflects bone formation at the cellular level and
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can be assessed histomorphometrically by measur-
ing the mean wall thickness (Fig. 1).23 In this study
we report for the first time values for mean wall
thickness in iliac crest trabecular bone in a group of
non-steroid treated patients with rheumatoid arthritis.

Patients and methods

PATIENTS
Forty five patients (31 female, 14 male) with definite
or classical rheumatoid arthritis, who had been
enrolled into a trial of second line drug treatment,
were studied. The mean age of all patients was 53
years (range 34-71). The duration of disease was
1-25 years (median 4), and none had received
systemic steroid treatment at any time. Most patients
were taking one or more of a variety of non-
steroidal anti-inflammatory drugs; in addition, all
were receiving second line drug treatment (peni-
cillamine, hydroxychloroquine, auranofin, or intra-
muscular sodium aurothiomalate). Patients who
were housebound or restricted to a wheelchair were
excluded from the study. Written informed consent
was obtained from each patient, and permission for
the study was granted by the local ethical committee.
Disability was assessed by the Steinbroker24 and
London25 methods.

CONTROLS
Control values for the indices measured in bone
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(a) (b) (c)

Fig. 1 Schematic representation oftrabecular bone
remodelling showing (a) a length oftrabecula. Bone
resorption by osteoclasts produces a resorption cavity (b)
along the mineralised bone surface. Bone resorption is
followed by boneformation, the cavity being filled in by
osteoid, which then mineralises toform bone. (c) The mean
thickness ofthe completed unit, which represents the
amount ofboneformed, is known as the mean wall
thickness.

were obtained from 41 healthy subjects (28 female,
13 male) matched for age and sex, aged 31-80 years
(mean 52). These biopsy specimens were obtained
during general anaesthesia for a minor surgical
procedure. Details of these subjects have been
published elsewhere26; none had any history of
gastrointestinal disease or surgery, liver disease,
renal disease, or metabolic bone disease, and none
was taking anticonvulsants, corticosteroids, or any
drug known to interfere with vitamin D metabolism.
The study was approved by the local ethical
committee.

BONE HISTOMORPHOMETRY
Transiliac biopsy specimens were obtained one inch
below and behind the anterior superior iliac spine
using a 6 or 8 mm internal diameter trephine.
Undecalcified sections (8 Rm) were stained by the
von Kossa technique or solochrome cyanin R or by
haematoxylin and eosin after decalcification of
sections in edetic acid. Mean wall thickness was
measured as the distance between the cement line
and the mineralised bone surface of completed walls
without resorption lacunae or osteoid seams.
Measurements were made under polarised light on
solochrome cyanin R or haematoxylin and eosin
stained sections and four equidistant measurements

MWT
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Fig. 2 Schematic diagram ofpart ofa trabecula. The mean
trabecular width (MTW) is determined by the mean wall
thickness (MWT) and the mean interstitial bone thickness
(MIBT), the relation between these three being expressed as
MTW= (2xMWT+MIBT).

were made for each packet at x 100 magnification,
keeping the micrometer perpendicular to the sur-
face. A minimum of 30 packets was measured from
each biopsy specimen from four or more sections. In
a study of six biopsy specimens it was shown that
similar values for mean wall thickness were obtained
using either haematoxylin and eosin or solochrome
cyanin R (47.6 (7-2) v 51-2 (8.4) Rm; p=NS). The
mean interstitial bone thickness was calculated as
the mean trabecular width - 2xmean wall thick-
ness27 (Fig. 2) using values obtained previously for
mean trabecular width.'3
As a constant mean interstitial bone thickness

may be associated with a constant or decreased
resorption depth, and a decreased mean interstitial
bone thickness with an increased, constant, or
decreased resorption depth28 we also calculated the
approximate mean resorption depth in patients and
controls. The mean resorption depth in controls was
assumed to be the same as the mean wall thickness;
this is probably a slight underestimate of the true
resorption depth, but in one study of normal
subjects no differences were found between directly
measured wall thickness and resorption depth.29 In
addition, it was assumed that the mean trabecular

Time

Fig. 3 Diagram to show how resorption depth is
calculated. RD, represents resorption depth before the onset
ofrheumatoid arthritis and is assumed to be quantitatively
similar to mean wall thickness (MWT,). RD2 represents
resorption depth in the patientgroup and is equal to
MWT2+(MTW, -MTW2)/2, where MTW, is the mean
trabecular width before the onset ofrheumatoid arthritis and
M7W2 is the mean trabecular width in the patient group. In
this model it is assumed that values in the patients were
similar to those ofcontrols before the onset of their illness.
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width in the patient group before the development
of rheumatoid arthritis was similar to that found in
normal controls. In the patient group resorption
depth was calculated as follows:

Resorption depth (jim)=MWTRA+ 2

where MWTRA=mean wall thickness in patients;
MTWc=mean trabecular width in controls;
MTWRA=mean trabecular width in patients
(Fig. 3).

Osteoid surface (percentage total trabecular sur-
face) was calculated from osteoid volume and mean
osteoid seam width, measured on the Ibas II image
analyser in a minimum of 40 fields from three or
more von Kossa stained sections at a magnification
of x207. Osteoid surface was calculated as follows:

Osteoid surface (%)= osteoid volume x 100
mean osteoid seam width (>m)

where osteoid volume is expressed as a percentage
of total trabecular bone volume.

STATISTICS
Differences between patients and controls were
examined using a two tailed unpaired Student's t
test. Correlations between variables were examined
by linear regression analysis or one way analysis of
variance.

Results

The mean (SD) wall thickness in the whole group of
patients was significantly lower than that in controls
matched for age and sex (39.8 (5.4) v 51-6 (9.7) ,um,
p<O-OOl). When patients were divided into men and
women (Fig. 4) this significant difference was
maintained in each sex, the mean values in female
patients and controls being 38-5 (5.3) and 52-2
(11.0) tim respectively (p<0001) and in men 42-9
(4.3) and 50-4 (6-3) Rm respectively (p<0-002). The
mean osteoid surface in the patients was 16-7
(11.4)%, the control value being 21.0 (10.5)%
(P=NS). The mean trabecular width in the patients
was lower than that in controls (131.1 (23-6) v 159-2
(19-8) im, p<0-001); details of these findings have
been published previously. 13
The mean interstitial bone thickness in all patients

(51.0 (26-4) gm) did not differ significantly from that
in the control group (61-4 (31-9) Rm). In female
patients, however, there was a significant decrease
in mean interstitial bone thickness when compared
with controls (46.3 (21-6) v 65-3 (36.0) gim, p<0 05)
(Fig. 5). In men, the mean values obtained in
patients and controls were similar (61.5 (33-3) v 55-0
(23-6) lim, p=NS).

p < 0.002
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Fig. 4 Mean wall thickness in male andfemale patients
with rheumatoid arthritis. The interrupted horizontal lines
show the mean values. The mean (SD) in controls matched
for age and sex is shown by the vertical continuous lines.
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Fig. 5 Mean interstitial bone thickness in male andfemale
patients with rheumatoid arthritis. The interrupted
horizontal lines show the mean values. The mean (SD) in
controls matchedfor age and sex is shown by the vertical
continuous lines.
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Calculation of the approximate resorption depth
(see 'Patients and methods') showed a mean resorp-
tion depth of 59-0 tm in female patients and 52-2 am
in female controls. In men the corresponding figures
were 47-4 and 50*4 lim. When all patients were
grouped together the mean calculated resorption
depth was 51-6 iim compared with 54-8 Rm in the
controls.

Linear regression analysis showed a significant
positive correlation between mean wall thickness
and mean trabecular width (r=0*281, p<005). No
significant correlation was found between mean wall
thickness and duration of disease, Steinbroker or
London scores.

Discussion

Our results show a highly significant decrease in the
amount of bone formed at trabecular remodelling
sites in non-steroid treated patients with rheumatoid
arthritis, and provide the first unequivocal histomor-
phometric evidence of reduced bone formation in
these patients. These results are consistent with our
earlier demonstration of trabecular thinning in the
same group of patients'3 as bone loss due predomi-
nantly to reduced bone formation would tend to
result in trabecular thinning, whereas bone loss
associated with increased bone turnover with or
without an increase in resorption depth would
decrease the connectedness of trabecular bone with
less effect on trabecular width. Our findings are also
compatible with those reported by Ramser et al in
rib cortical bone21; they showed reduced tetra-
cycline uptake in three of five patients and reduced
osteoid surface in four of seven patients with
rheumatoid arthritis treated with salicylate. The
increase in surface extent of resorption, which was
found in all seven patients, may also have reflected
decreased formation rather than increased resorp-
tion, previously resorbed cavities not being filled by
new bone because of reduced bone formation.
The pathogenesis of reduced bone formation in

rheumatoid arthritis has not been established.
Decreased mean wall thickness in trabecular bone
has been reported in corticosteroid induced
osteoporosis,3") but none of the patients in the
present study had received systemic steroids. De-
creased bone formation has also been demonstrated
in osteoporosis due to immobilisation31; none of our
patients was housebound or restricted to a wheel-
chair, however, and, moreover, no correlation was
found between mean wall thickness and indices of
functional ability. Nevertheless, some effect of
reduced mobility on bone formation in these patients
cannot be excluded as functional assessments made
at one point in time do not reflect accurately either

disease duration or its past activity; in some studies
disease duration and activity have been shown to
correlate with measurements of bone loss. 1 6 8 9 32 33
Other possible factors which may contribute to bone
loss in rheumatoid arthritis include non-steroidal
anti-inflammatory compounds and drugs used in
second line treatment; the effects, if any, of these
agents on bone remodelling have not been studied.
The values obtained for mean interstitial bone

thickness in this study showed a significantly lower
mean value in female patients than in controls
matched for age and sex but no significant difference
in male patients. Although the mean interstitial
bone thickness is related to resorption depth, this is
not a simple inverse relation as the mean interstitial
bone thickness is affected not only by resorption
depth but also by changes in the mean wall
thickness.28 Thus, depending on concurrent changes
in mean wall thickness, a decreased mean interstitial
bone thickness may be associated with a decreased,
constant, or increased resorption depth, whereas a
normal mean interstitial bone thickness could occur
with either a constant or decreased resorption
depth. Calculation of the resorption depth from
mean trabecular width and mean wall thickness
indicated, however, that resorption depth was close
to normal in both male and female patients, thus
excluding the possibility that increased resorption
depth may also contribute to bone loss in rheuma-
toid arthritis. This finding is also consistent with our
earlier demonstration of trabecular thinning in these
patients'3 as increased resorption depth together
with a reduction in mean wall thickness would
rapidly lead to trabecular perforation with loss of
connectedness.

In addition to reduced bone formation in indi-
vidual remodelling units, which leads to irreversible
bone loss, an increase in the activation of bone
remodelling units along the trabecular surface may
also result in trabecular bone loss, this being
potentially reversible. Some estimate of whether the
number of remodelling sites is increased or not can
be obtained from measurement of the extent of the
trabecular bone surface covered by resorption cavi-
ties or osteoid; as discussed earlier, however, the
surface extent of resorption may be increased as a
result of decreased bone formation rather than
because of increased activation, so that the osteoid
surface is probably a more reliable indicator. In this
study the osteoid surface was within normal limits in
all patients and the mean value did not differ
significantly from that of the control group. Similar
results have been reported in two other studies of
iliac crest bone histomorphometry,"1 12 whereas
osteoid surface was found to be reduced in rib
cortical bone in the study of Ramser et al.2' Taken
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together, these studies thus indicate that the number
of remodelling sites which are activated along the
trabecular bone surface is not increased in rheuma-
toid arthritis and that decreased bone formation at
the remodelling unit level therefore represents the
main mechanism of bone loss in these patients.
The clinical significance of bone loss in rheuma-

toid arthritis has not been clearly established. There
is some evidence that fracture rate is increased in
patients treated with corticosteroids, but no such
evidence exists for those not receiving steroids.34 3
The role for routine prophylaxis against bone loss in
these patients is therefore unclear; however, the
demonstration that bone loss is predominantly due
to reduced bone formation indicates that where
treatment is required a drug which stimulates
osteoblasts, such as sodium fluoride, may be most
appropriate.

We are grateful to the Arthritis and Rheumatism Council, the
Welsh Office, and Sandoz Pharmaceuticals for generous financial
support. We also thank Dr J D Jessop for allowing us to study
patients enrolled in the second line drug treatment trial.
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