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SUMMARY A prospective study over one year of patients who had active rheumatoid arthritis
discovered 64 who had received treatment for an adequate time with second-line drugs. In these
patients there was evidence of continuing joint destruction as shown by radiological progression.
During the year there were highly significant correlations between improvements in clinical and
laboratory measurements, but neither group of tests was related to the degree of radiological
change. However, in the second 6 months of treatment there was evidence that radiological
progression was reduced. In a second prospective study of 88 patients with rheumatoid arthritis
given prolonged, intensive therapy with second-line drugs and followed up for 10 years two-thirds
showed radiological progression. However, the number of joints damaged per year fell significantly
during the study period. There was a divergence between deterioration in radiological features and
improvements in the ESR and functional capacity, though patients with a persistently low ESR had
less radiological progression. These studies provide evidence that treatment may be associated with
a reduced rate of radiological progression but suggest that changes in radiological progression and
clinical and laboratory measurements may result from different mechanisms.

A variety of radiological changes occur in
rheumatoid arthritis (RA). They include
osteoporosis, bone erosions, loss of cartilage, sublux-
ation, and secondary osteoarthritis.' Active RA is
characterised by radiological evidence of progressive
joint damage, and if this radiological progression is
reduced or prevented it may indicate control of the
disease process.2`4 A variety of methods have been
devised to assess radiological changes in RA which
can be used to study their progression.5`8
Drugs such as gold and penicillamine form an iden-

tifiable group of agents in RA, often termed 'second-
line' or 'disease-modifying' drugs. They reduce not
only the inflammatory synovitis but also the erythro-
cyte sedimentation rate (ESR) and the levels of
acute-phase proteins such as C-reactive protein.9'14
These effects are not immediate but occur after a
delay of weeks or months. Corticosteroids may also
influence the acute-phase response, though their
effects occur more rapidly."5
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Controlled studies of second-line drugs in RAhave
clearly shown that they decrease joint inflammation
and the acute-phase response in companson with
placebos.-6-21 Moreover, Amos et al.22 showed that
patients in a steady state with persistently low ESRs
and C-reactive protein levels had only minimal evi-
dence of radiological progression compared with
those patients in whom these indicators of the acute-
phase response stayed high. But many of the major
placebo-controlled trials of drugs such as gold and
penicillamine have failed to show any effect on
radiological progression, despite significant reduc-
tions in the acute synovitis and acute-phase response.
Thus, despite advances in understanding RA, the
relationship of radiological changes to both clinical
and laboratory features of the disease has not been
completely elucidated.
Our objective was to refine the current concepts on

the interrelationships between radiological changes
and clinical and laboratory variables in RA, espe-
cially with respect to treatment with second-line
drugs. We have done this in 2 complementary
studies; one short-term (over one year) and one
long-term (over 10 years).
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Progression of radiological changes in rheumatoid arthritis 9

Patients and methods

1 SHORT-TERM STUDY
Sixty-four patients with definite or classical RA
(American Rheumatism Association criteria) were
studied. They were selected from those entered into 2
prospective studies of second-line drugs in active RA.
There were originally 102 patients in the studies; all
had active disease with more than 1 hour of morning
stiffness, 3 or more swollen tender joints, and a
raised ESR (>30 mm/h). Only those followed pros-
pectively for one year who had an adequate and
continuous course of second-line drugs for at least 8
months were included in this study; of the 64 patients
44 were female and 20 male; their mean age was 47
years (range 19-76). They had had RA for a mean of
6 years (SD 6); 14 were in the first year of their
disease and 18 had a history of RA for 10 or more
years. The severity of their pretreatment RA is
shown by a mean initial ESR of 51 mm/h (SD 23) and
mean Ritchie articular index27 of 21 (SD 15). They
received penicillamine (16 patients), intramuscular
sodium aurothiomalate (15 patients), Clozic
(clobuzarit) (23 patients), and auranofin (10
patients). All 4 drugs have been investigated previ-
ously and have been shown to have second line-
effects. 2 2 25 The drugs were given for 8 months to
10 patients, 9 months to 2, 10 months to 4, and 12
months to 48. All the patients had concomitant non-
steroidal anti-inflammatory drugs (such as aspirin
and indomethacin); a wide variety of these agents
was used. None of the patients had steroids.

Plain anteroposterior radiographs of both hands
and wrists were taken before drug therapy and after
12 months. In 22 patients films were also taken after
6 months.
The films were read by 2 observers using the stan-

dard radiographs of Larsen et al.,26 and the Larsen
score was calculated as described. We have assessed
the reproducibility of this in detailed technique and
recorded our results elsewhere.27 In summary the 2
observers in this study gave the following results
using this scoring system: single films: interobserver
correlation r=0-95 (n=96), intraobserver correla-
tions r=0-97 and 0 95 (n= 34); change in Larsen index
using paired films: interobserver correlation r=0-67
(n =48), intraobserver correlations r=0-82, and 0-69
(n=34). This reproducibility was considered to be
satisfactory. The Larsen index is on a scale of 0-150.
Each proximal interphalangeal, metacarpo-
phalangeal, and wrist joint is graded on a 0-5 scale
from standard films. The score for the wrist joints is
multiplied by 5, and all the totals are then added to
give an overall figure. Radiographs were read by the
observers unaware of the date order or the response
of the patients assessed clinically or by laboratory
tests. A Larsen score was calculated for each film

from a mean of the score given by each observer.
From this the change in Larsen score could be
derived for each patient between 0 and 12 months of
the study; in 22 patients the changes at 0-6 and 6-12
months were also derived.
Three different clinical assessments were made in

each patient at 0, 6, and 12 months: (a) grip strength
measured with a standard sphygmonometer cuff
inflated to 30 mmHg (grip strength was measured 3
times in each hand and the mean value determined);
(b) the Ritchie articular index22; (c) self assessment of
pain by a visual analogue pain score, measured on a
10 cm scale.

Six laboratory assessments were also evaluated in
each patient at 0, 6, and 12 months; the ESR (Wes-
tergren), haemoglobin concentration, Rose-Waaler
titre, and measurements of immunoglobulins G, A,
and M. In 42 patients serum C-reactive protein con-
centrations were also measured. These laboratory
tests were performed by previously described stan-
dard laboratory techniques.012

Radiological, clinical, and laboratory changes were
all ranked separately to indicate improvement during
therapy. There were thus 3 rankings for each patient,
which could vary from 1-64. The patient(s) showing
the best response (by the degree of change) in each of
these 3 sets of measurements was ranked 1 and the
worst responder(s) 64. The rankings referred only to
the change during treatment, not to absolute initial or
final values.

Radiological ranking was done on changes in the
mean Larsen score. Those patients with the least
deterioration received the best (i.e., lowest) rank-
ings, while those with the greatest deterioration had
the worst (i.e., highest) rankings.

Clinical rankings were based on the changes in all 3
clinical assessments at 0, 6, and 12 months. They
were considered independently of either laboratory
or radiological changes. Patients were arbitrarily
ranked by their clinical response to treatment from
best to worst by means of combined data from all 3
tests. This was done separately by 2 observers and the
final ranking obtained from a mean of the 2 results. A
similar procedure was used for laboratory assess-
ments; once again changes in all the laboratory
measurements were considered together for the
laboratory rankings.
Rank correlations were performed by the method

of Kendall' with the appropriate procedure for tied
ranks when these occurred. In addition rankings were
grouped (into 4 groups of rankings) and compared by
means of chi-square tests. Other data were expressed
as means and standard errors where appropriate.

2. LONG-TERM STUDY
During 1964-76 a prospective study was carried out
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10 Scott, Grindulis, Struthers, Coulton, Popert, Bacon

at the Droitwich Centre for Rheumatic Diseases, a
specialised rheumatology unit which acts as a referral
centre for the West Midlands. In this study 112
patients were followed up for 10 years. All the
patients had definite or classical RA. Consecutive
patients with severe disease seen by one physician
(A.J.P.) during 1964-8 and admitted to hospital at
Droitwich for the treatment of their RA were
included. The patients were assessed when first seen,
at 5 years, and at 10 years. There were 80 females and
30 males. Their mean age was 45 2 years (range
21-72) and their mean disease duration 5-2 years
(range 0-5-15).

All patients had similar intensive therapy. This
included bed rest in the early stages and
physiotherapy. They all received second-line drugs
and/or steroids (only 5 patients received steroids
alone). These were given over prolonged periods
with the aim of suppressing disease activity as com-
pletely as possible. They were withdrawn only
because of serious adverse reactions, lack of effect, or
if a patient entered a prolonged remission. If one
second-line drug was withdrawn and the patient was
not in remission, another was started. In cases failing
to respond these drugs were used in combination.
Patients were seen regularly (in general at least every
6 months); if there was any indication of marked
activity they were readmitted to hospital. They re-
ceived the following second-line drugs for 3 months
or longer: chloroquine in 72 % of cases, gold in 79 %,
penicillamine in 18 %, immunosuppressive drugs
(azathioprine, chlorambucil, and cyclophosphamide)
in 16%. and corticosteroids in 91 %.
The initial, 5- and 10-year assessments included

ESR, a modified Steinbroker functional capacity in 5
grades,29 Rose-Waaler titre, and plain anteropos-
terior radiographs of both hands and wrists. Radio-
graphs were scored blindly by 2 independent
observers and a reconciled grading was recorded. A
modified Steinbroker grading was used.29 One point
could be scored for changes in the following joints:
each proximal interphalangeal joint (except the
thumb); each metacarpophalangeal joint; the inter-
carpal joints; and the radiocarpal joints. This gives a
total of 0-22 possible points for each pair of hands. If
one or more of the following changes were present in
a joint one point was scored: cartilage loss, loss of
alignment, secondary osteoarthritis, joint destruc-
tion. If the changes were questionable or if the joint
was normal, no point was scored. Each joint was
considered separately, and then the total score for the
radiograph (varying from 0-22) was made by addi-
tion of the points scored. Erosions alone did not score
a point. The x-rays were read independently by 2
observers after preliminary studies had allowed
definitions of significant changes to be agreed. If the

observers scored the radiographs differently, they
were reviewed again and a reconciled grading was
reached. For this reason no formal assessment of
reproducibility was made, although in practice dis-
agreements were extremely uncommon.
Change in the various parameters was assessed by

grading into 3-6 groups as follows. The ESR was
classified into 3 groups - low (20 mm/h or less),
medium 21-49 mm/h), or high (50 mm/h or none);
the functional capacity was graded into 5 modified
Steinbroker grades29; the Rose-Waaler titre was
classified into 3 groups as negative, weakly positive
(1: 32 or less), or strongly positive (1: 64 or none); the
number of damaged joints (scored as above) were
grouped into 6 categories - no damaged joints, 1-5,
6-10, 11-15, 16-20, and 21-22. For each parameter
a change in category was analysed at 5 and 10 years
by comparison with the initial category.
The relative rate of radiological progression was

also assessed. The number of joints damaged at the
start of the study was related to the duration of RA
(in years) to give an 'initial' (prestudy) rate of
radiological progression expressed as joints damaged
per year. The number of joints damaged during the
10-year period of study was then related to the exact
follow-up period (in years) to give the rate of
radiological progression during the study expressed
as joints damaged per year. In both instances the
0-22 point grading system described above was used
to determine the number of damaged joints.
Of the 112 patients entering the study 1 died

before 5 years. By 10 years a further 16 patients had
died, 5 had moved away from Droitwich and for 2
the x-rays were not available; 88 patients were there-
fore available for follow-up at 10 years.

Results

1. SHORT-TERM STUDY

Radiological changes during the 12 months of this
study, assessed by the Larsen index, are shown in Fig.
1. Radiological progression occurred in 57 patients
(89%); at best patients showed no significant
deterioration. The majority of patients did not ini-
tially have severe joint destruction; the mean Larsen
score at the beginning of the study was 45-4. The
mean change was an increase of 8-9 (20% of initial
value); the maximum was an increase of 34 (380% of
initial value) during the year. Progression was equally
likely in those with minimal radiological evidence of
joint damage at the beginning of treatment as in those
whose initial joint damage was severe.
The x-ray changes can be contrasted with those

seen in the ESR (Fig. 2); 47 patients (73%) showed
an improvement in their ESR during the year but for
only 28 patients (43%) was the final ESR 20 mm/h or
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Progression of radiological changes in rheumatoid arthritis 11

When patients were ranked by the severity of their
radiological progression (based on changes in the
Larsen score), there was no significant correlation
with ranking for either improvements in laboratory
tests or clinical measurements (analysis by Kendall's
rank correlation test). Similarly when these compari-
sons were made by grouped rankings, there was still
no evidence of a significant relationship (Tables 1
and 2). On the other hand when the rankings for
clinical and laboratory improvements were com-
pared, these were significantly related (p<0001,
Kendall's rank correlation test) and this was also
shown by grouped rankings (Table 3).

It could be argued that the failure to demonstrate a
relationship between radiological changes and both
clinical and laboratory changes resulted from difficul-
ties in satisfactory ranking of the radiological
changes. For this reason we have further compared

i50 the clinical and laboratory changes in those patients
Larsen Score at 12 months

Fig. 1 Short-term study. Scatter diagram showing changes
in Larsen score during one year oftreatment with second line
drugs. A 450 no-change line is indicated.
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ESR at 12 months (mm/h)

Fig. 2 Short-term study. Similar scatter diagram showing

changes in ESR during one year of treatment with

second-line drugs.

less. Changes in the ESR showed a wide scatter and

the final ESR was relatively independent of the initial

value. In comparison the x-rays not only showed

deterioration but the final Larsen score (the absolute

score as opposed to the rate of change) was depen-
dent on the initial x-ray score.

Table 1 Short-term study. Relationship of radiological
change (assessed by change in Larsen index) to change in
laboratory indices ofdisease activity. Patients have been
ranked from 1-64 for both parameters; those with the
lowest rankings had the best response (i.e., least
radiological change or best overall improvement in
laboratory tests); those with the lowest rankings did worst.
Tied ranks occurred in some cases. The expected numbers
in each group (ifthe null hypothesis were true) are shown
in parentheses.

Ranking for Ranking for changes in laboratory tests
changes in x-rays

Best Worst

1-16 17-32 33-48 49-64

Best 1-16 6(4 5) 3 (4-5) 4(4-5) 5 (4-5)
17-32 4 (3) 3 (3) 3 (3) 2 (3)
33-48 4 (4-5) 4 (4-5) 4 (4-5) 6 (4-5)

Worst 49-64 2 (4) 6 (4) 5 (4) 3 (4)

X2=4 9, DF=9, p>005.

Table 2 Short-term study. Relationship of radiological
change (assessed by change in Larsen index) to change in
clinical parameters ofdisease activity. This is arranged
similarly to Table I

Ranking for Ranking for change in clinical assessments
change in x-rays

Best Worst

1-16 17-32 33-48 49-64

Best 1-16 5 (4-5) 5 (4-5) 7 (4-5) 1 (4-5)
17-32 5 (3) 2 (3) 2 (3) 3 (3)
33-48 3 (4-5) 6 (4-5) 3 (4-5) 6 (4-5)

Worst 49-64 3 (4) 3 (4) 4 (4) 6 (4)

X2=10-9, DF=9, p>0 10.
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12 Scott, Grindulis, Struthers, Coulton, Popert, Bacon

Table 3 Short-term study. Relationship ofchanges in
clinical parameters to those in laboratory assessments of
disease activity. This is arranged similarly to Table I

Ranking for Ranking for change in clinical assessments
changes in
laboratory
assessments Best Worst

1-16 17-32 33-48 49-64

Best 1-16 13 (4) 2 (4) 0 (4) 1 (4)
17-32 2 (4) 5 (4) 5 (4) 4 (4)
33-48 1 (4) 7 (4) 4 (4) 4 (4)

Worst 49-64 0 (4) 2 (4) 7 (4) 7 (4)

X2=43-O, DF=9, p<0001.

with the greatest radiological changes and those with
the least change (Table 4). In these patients there can
be no question of difficulties in determining their
radiological grouping. However, the 2 groups
showed similar changes in clinical and laboratory
measurements, which is further evidence for the
divergence of radiological changes in this short
assessment over a period of rapid change.

It would be expected from previous studies and the
preceding results that disease duration would be a
major factor determining the extent of joint damage
in patients with severe disease. Table 5 shows that
there was a highly significant correlation between the
initial Larsen score and disease duration. There was
also some evidence, in our highly selected group of
patients, that the initial Larsen score might be related
to the initial disease activity; and this had a weak
association with immunoglobulin levels and grip
strength (Table 5), though the low values show that
single measurements of these parameters have a low
predictive value. The indices which can have large
interpatient variations, such as the Ritchie index,
were unrelated to radiological changes by this
method of analysis.
An analysis of radiological changes in relation to

the initial degree of joint damage is shown in Table 6.
This indicates that a considerable proportion of
change is due to radiological damage of joints which,
at the beginning of the study, were normal or only
slightly involved. It suggests that there is a general
deterioration, involving all degrees of damage.

In 22 patients the x-rays at 6 months were evalu-
ated in addition to those at 0 and 12 months. There
was some evidence that the rate of progression had
slowed during the 6-12 month period. In these x-rays
the mean initial Larsen score was 33-9 (SEM 3-9);
the 6-month value 39.1 (SEM 4.0), and the
12-month value 41-4 (SEM 3-6). Thus 69% of the
total change occurred in the first 6 months and only
31% in the period 6-12 months.

0
t a

sR +
0%

-+

(j,

02%0 t.-'3 en,

60
'3

-0

0

0.

.0

a-
0

-0

0

a-

a.x

--
._,

a.E

0.^

0

.0

0

Of., -

tAc* *
0 It) It)

* i

emoP
4 10%

tO o; ,
t_ 6 en

IR- .-I q 1-.

~b '? '1'0 u

.9 .IO

9AX ': :E

.4

cla)GM

,c
co07
Q)
0.
0
a)

to

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.43.1.8 on 1 F
ebruary 1984. D

ow
nloaded from

 

http://ard.bmj.com/


Progression of radiological changes in rheumatoid arthritis 13

Table 5 Short-term study. Relationship of radiological
assessment (initial Larsen index) to disease duration and
the clinical and laboratory measurements in the patients
with RA (n =64)

Parameter Correlation Probability
coefficient (r)

Disease duration (years) +0-52 p<O-001
ESR (mm/h) +0-20 p<O-10
Haemoglobin (g/dl) -0-09 p>0-10
IgG (g/l) +0-26 p<O-05
IgA(g/l) +0-21 p<O*10
IgM (g/l) +0-37 p<001
Grip strength (mmHg) -0-27 p<O-05
Ritchie articular index +0-09 p>O-10
Visual analogue pain

assessment +0-02 p>0-10

Table 6 Short-term study. Relationship ofchanges in
Larsen index to the initial degree ofjoint damage

Joints in each Initial (%) Final (%) Change in
category of (n =1562) (n =1562) category (%)

0 39-1% 29-8% -9-3%
1 33-0% 32-3% -0-7%
2 15-5% 20-9% +5-7%
3 4-6% 6-9% +2-3%
4 2-9% 3-6% +0-7%
5 5-2% 6-5% +1-3%

We also analysed the effect of a low ESR in the
second 6 months of the study. Patients with an ESR
at both 6 and 12 months of 25 mnmh or less were

compared with other patients. They had less
radiological progression. The patients with the low
ESRs had, over the 12 months, a mean change in
Larsen score of 7-5 (SEM 1-52, n=32); those with

higher ESRs had a mean change in Larsen score of
10-7 (SEM 1-70, n=32). These differences were not
significant at the 5 %level, but they were compatible
with the view that a reduced ESR is associated with
less radiological deterioration.

2. LONG-TERM STUDY

The divergence between the laboratory and radiolog-
ical changes seen in the short-term study was also
seen in the long-term study by the somewhat dif-
ferent method of radiological assessment of a mod-
ified Steinbroker grading. Thus, while there were

improvements in the ESR, functional capacity, and
Rose-Waaler titre in many patients at 5 and 10 years,
there was a considerable deterioration in the
radiological changes. This is summarised for grouped
results in Table 7.
There was some evidence that treatment was

associated with a reduced rate of x-ray progression.
The rate of loss of joints prior to treatment was

significantly greater than that during the 10-year
period of the study. The mean initial rate of loss was
1-37 joints damaged per year (SD 1-96); the rate of
loss during the study was 0-53 joints damaged per
year (SD 0-56), a highly significant reduction
(p<0-001). This is shown in Fig. 3.

Patients who had a low ESR had considerably less
radiological progression than those with a persis-
tently high ESR (Table 8). though only a small
number of patients fell into the latter group. Compar-
ing the extent of radiological progression at 5 years in
patients with a persistently low ESR (less than 20
mm/h) with that of all other patients showed that
these had significantly less progression (p<0-05), as

shown in Table 9.
In the short-term study we showed that at a point in

Table 7 Long-term study. Changes in parameters measured

S years (n=111) 10 years (n=111)

ESR Rose-Waaler Functional Radiographs ESR Rose-Waaler Functional Radiographs
titre capacity titre capacity

Improved 2 or
more classes 9% 14% 7% 0 9% 16% 23% 0

Improved 1 class 35% 17% 41% 0 31% 15% 42% 0
No change 45% 50% 44% 47% 47% 46% 23% 33%
Deteriorated

1 class 10% 15% 8% 34% 11% 19% 10% 31%
Deteriorated 2 or
more classes 1% 4% 0 19% 2% 4% 2% 36%

Classes
ESR: 20 mm/h or less; 21-49 mm/h; 50 mm/h or more.
Rose-Waaler titre: negative; 1:32 or less; 1:6 or more.
Functional capacity: classes I-V of modified Steinbroker grading.
Radiographs: 0, 1-5, 11-15, 16-20, 20-22 joints damaged.
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Fig. 3 Long-term study. Rate ofradiological progression:
initial (prestudy) rate and rate during study period shown.
The means for each group are shown by horizontal bars.
There was a significant reduction in the rate ofjoint damage
(p<00)

time the extent of radiological damage was related to
disease duration. We have therefore examined
whether, in the long term, x-ray progression is also
influenced by disease duration. But we found no
evidence of this (Table 10).

Table 8 Long-term study. Relationship ofESR to
radiological progression (selected patients with low and
high ESR)

Radiological S years 10 years
change

Low ESR, High ESR, Low ESR, High ESR,
1-20 mmlh 50 mmlh 1-20 mmlh 50 mmlh
(n=19) (n=10) (n =13) (n =3)

Nochange 13 4 6 0
Deteriorated

I group 5 4 4 1
Deteriorated
by 2 or more
groups 1 2 3 2

Table 9 Long-term study. Relationship ofESR to
radiological progression (comparing patients with low ESR
to all other cases at 5 years)

Radiological ESR always Other patients
change 1-20 mmlh (n=92)

(n=19)

No change 13 39
x-rays show

deterioration 6 53

X2=4 28, DF=1, p>0-05.

Table 10 Long-term study. Relationship ofdisease
duration prior to treatment to subsequent radiological
progression

X-ray Disease duration when first seen
progression

Less than 18 months More than
18 Months to 5 years 5 years
(n =27) (n=36) (n =25)

Improved 44% 56% 36%
No change 30% 14% 44%
Deteriorated 26% 30% 20%

Discussion

Acute joint inflammation and the acute-phase
response are readily controlled in patients with RA
given second-line drugs. Radiological progression is
less easily influenced; it may be reduced only when
the acute-phase response and chronic joint inflam-
mation are completely controlled. There thus
appears to be a rather indirect relationship between
the acute-phase response and radiological changes.
Amos et al.22 have previously shown that in a steady
state a low level of joint inflammation and of acute-
phase protein is associated with minimal radiological
progression. It may be necessary to suppress joint
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Progression of radiological changes in rheumatoid arthritis 15

inflammation and the acute-phase response for as
long as one year before subsequent radiological pro-
gression is satisfactorily controlled. In the short term
radiological progression may show a divergence from
both the acute-phase response and joint inflamma-
tion, as was clearly shown in our first (one year)
study, where there was no correlation between
radiological progression and either laboratory
changes (representing various components of the
acute-phase response) and clinical changes (repre-
senting measurements of acute joint inflammation).
However, there was an important and highly signifi-
cant correlation in this short-term study between
laboratory and clinical variables. The long-term
study also showed a marked divergence between
improvements seen in the ESR and continuing
radiological progression.
The radiological assessments we have used in the 2

studies are somewhat different and are not directly
comparable. The Larsen index is for erosions - the
most specific, the earliest,30 and probably the most
sensitive index of radiological change in RA- and it is
therefore suitable for a short-term assessment. On
the other hand erosive changes are not necessarily a
cause of poor function in a joint, unlike cartilage loss
or loss of alignment, and in the long-term study we
have chosen to measure these by using a modified
Steinbroker index. However, despite the differences
in assessments the conclusions from both studies are
similar.
Why should this radiological deterioration occur if

patients have apparently been adequately treated
with second-line drugs? Disease duration is one fac-
tor. Our patients covered the whole range of time of
presentation and were not confined to early or late
disease. A recent report3" has shown that in patients
with early disease radiological progression may be
reduced by treatment with Clozic (clobuzarit). How-
ever, Bitter32 has suggested that many patients who
meet the diagnostic criteria of the American
Rheumatism Association for classical or definite RA
in the early years of their disease have a mild self-
limiting disorder unlike those with progressive RA.
The drop-out rate is another important factor.

Although gold, penicillamine, and similar second-
line drugs will lead to clinical improvements in most
patients, in short-term studies approximately 30 0% of
patients will withdraw due to lack of effect or unac-
ceptable adverse reactions.33-35 Over a period of 2-5
years the majority of patients will discontinue
therapy when a single drug is used36"3 (K. Grindulis
and B. McConkey, in preparation). Even combina-
tion therapy with a variety of second-line drugs and
steroids may still not control the disease adequately
in all cases. Bearing in mind the delayed effect of
treatment upon radiological changes, we found the

reasons for continuing radiological deterioration
became clearer. Nevertheless there was some evi-
dence that treatment over all was associated with a
reduced rate of radiological progression. The 22
patients whose radiographs were evaluated between
both 0-6 and 6-12 months in the short-term study
showed less progression in the latter period while
receiving second-line drugs. The long-term study also
showed a significant reduction in the rate of radiolog-
ical progression during the period of the study. A
retrospective survey by Luukkainen et al."8 9 has
shown a similar effect; patients receiving a full course
of treatment with gold had less radiological progres-
sion than patients receiving an inadequate course.
However, their selection of patients is open to
criticism.

The concept that there is a division between acute
inflammatory synovitis and acute-phase protein
changes on the one hand and joint destruction on the
other is supported by the pathological findings in RA.
Histologically the inflamed synovium differs from the
pannus - which is considered to lead to the tissue des-
truction and remodelling that underlies the radiolog-
ical changes.4041 While an acute inflammatory
synovitis is the earliest change in RA,42 43 the pannus
is a later development. Collagenase and possibly
other proteolytic enzymes located at the cartilage-
pannus junction are involved in cartilage destruc-
tion,44-46 and bone changes follow this. Inherent in
this process are changes in connective tissue matrix
involving collagen, fibronectin, and other connective
tissue proteins.47 48 These changes are controlled by
variety of factors - most of which are small polypep-
tides.4952 Some of these have been identified in
rheumatoid synovial fluid.53 In these circumstances
the remodelling of the connective tissue of bones and
joints which underlies radiological changes is prob-
ably not directly influenced by the factors controlling
acute inflammation and the acute-phase protein
response - which explains the indirect relationship
we have observed.
Three previous studies have shown a significant

reduction in radiological progression during therapy
with second-line drugs. Sigleret al. 1 showed that gold
given for 2 years reduced the rate of radiological
progression in patients with RA, though it did not
abolish it. The only other controlled studies to show a
significant effect of therapy on radiological changes
were when high doses of immunosuppressive drugs
were given - high dose steroids in one case' and cyc-
lophosphamide in the other.55 This suggests that
either prolonged control of the acute inflammatory
response or therapy with drugs which can affect a
wide variety of cells (such as cytotoxic drugs) is neces-
sary to reduce radiological progression, and is in
keeping with our conclusion that there is an indirect
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relationship between the acute-phase response and
radiological changes.
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