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CLINICAL IMPROVEMENT AND RADIOLOGICAL DETERIORATION IN
RHEUMATOID ARTHRITIS: EVIDENCE THAT THE PATHOGENESIS OF
SYNOVIAL INFLAMMATION AND ARTICULAR EROSION MAY DIFFER

D. MULHERIN, O. FITZGERALD and B. BRESNIHAN
Department of Rheumatology, University College Dublin, St Vincent's Hospital, Dublin 4, Ireland

SUMMARY

The contrast between clinical improvement and radiological deterioration in rheumatoid arthritis (RA) is striking. We
characterized this relationship using serial disease activity measures and radiographs of hands and feet in 40 RA patients observed
over 6 yr. All disease activity measures improved, including grip strength, Ritchie index (RI), haemoglobin and erythrocyte
sedimentation rate (ESR) (all P < 0.0001). In contrast, articular erosion increased (P < 0.0001). Radiological change during the
study correlated with RI (r = 0.49), haemoglobin (r = -0.56) and ESR (r = 0.53). Radiological status at review also correlated
with these variables (r = 0.36, —0.44 and 0.36, respectively). Articular erosion continues in RA despite clinical improvement
and is accelerated in those with evidence of continuing synovial inflammation, reflected in clinical and laboratory measures of
disease activity. Since many therapies in RA suppress inflammation, but not erosion, these findings suggest that the pathogenesis
of articular erosion may differ from that of synovial inflammation.
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RHEUMATOID arthritis (RA) is characterized by
articular and systemic inflammation associated with
progressive polyarticular destruction [1]. The striking
contrast between improvement in measures of disease
activity and radiological deterioration has been
observed in many longitudinal studies [2-4]. Given this
divergence between the clinical and radiological course,
there is clearly no ideal single measure of outcome
for these patients [5, 6]. There is now international
acceptance of a panel of clinical, laboratory and
radiological measures which may better reflect the
overall disease course [7].

We have also observed improvement in disease
activity accompanied by radiological deterioration in
a cohort of patients with RA observed for a mean
period of 6 yr. To characterize this paradox further, we
completed a detailed examination of the relationship
between clinical and laboratory measures of disease
activity and the radiological course in these patients.

PATIENTS AND METHODS
Patients

Patients who presented with active RA to St
Vincent's Hospital entered a prospective study in
1984-1987 as previously described [8,9]. All patients
had classic or definite RA at enrolment, as defined
by the 1958 American Rheumatism Association
diagnostic criteria [10]. Patients were excluded if they
had previously received any disease-modifying drugs or
any oral or intra-articular corticosteroids. All patients
gave informed consent and the study was approved by
St Vincent's Hospital Ethics Committee.
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Clinical and laboratory assessment
Patients were assessed at enrolment to the study and

were later reviewed over a 12 month period. For the
purpose of review, patients were invited to attend at a
special clinic: for all patients who did not attend for
review, it was established whether they were living, or
the cause of death if they had died. Demographic
details and disease duration (the period between onset
of symptoms and time of examination) were recorded
at enrolment and at review. Patients completed
an Arthritis Impact Measurement Scale (AIMS)
questionnaire at the time of review [11]. Six clinical and
laboratory variables were used to assess disease activity
at entry and at review, as previously described [12]:
(i) duration of morning stiffness, using a 1-4 scale
(1 = < 10 min; 4 = > 120 min); (ii) pain, with a 10 cm
visual analogue scale; (iii) grip strength (mean of three
readings per hand measured with an anaeroid
dynamometer inflated to 30 mmHg); (iv) Ritchie
articular index; (v) full blood count; (vi) sedimentation
rate (Westergren method). The term clinical course
refers to change observed in these variables between
enrolment and review* and clinical outcome to
their value at review. Current non-steroidal anti-
inflammatory, corticosteroid or disease-modifying
therapy and previous disease-modifying therapy since
enrolment were documented at review.

Radiological assessment
Radiographs of hands and feet were obtained at

enrolment and at review. Articular damage was
quantified at the metacarpophalangeal, proximal
interphalangeal (including the thumb), carpal
and metatarsophalangeal joints using the Larsen
method by a blinded observer (DM) (coefficient of
variance = 3.4%) [13]. The term radiological outcome
refers to the radiological score at review and
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radiological course to radiological change during the
study, measured by two methods. Firstly, by actual
change in radiological score, representing the difference
between radiological score at enrolment and at review.
However, patients with more extensive articular
destruction at enrolment had less scope for further
deterioration. Thus, the actual change in radiological
score may not represent an ideal measure of change.
The percentage change (change in score as a percentage
of radiological score at enrolment) could not be
calculated where the score at enrolment was zero.
Thus, standardized percentage change was used, as
previously described [14], where actual change was
expressed as a percentage of total change possible in
each patient:

(radiological score at review —
radiological score at enrolment) x 100%

(maximum possible radiological score —
radiological score at enrolment)

Statistical analysis
Patients were included in any analysis only where

relevant data were complete, using StatviewSE +
Graphics™ (Abacus Concepts, Inc., Berkeley, CA,
USA) statistical software on a Macintosh computer.
Data were compared by two-sample or paired /-tests.
Correlations were sought using simple regression. A P
value of <0.05 was considered significant.

RESULTS
Demographic results

Fifty-seven patients were enrolled, 48 patients
were alive at the time of review and 40 attended for
review. Their demographic details at enrolment and at
review are described (Table I). Eight further patients
were alive, but not reviewed: three were well—one
had emigrated; five required on-going medical care—

one with end-stage renal failure required chronic
haemodialysis. Nine patients had died: four from
complications of cardiovascular disease, three from
disseminated neoplasia and two from respiratory
disease.

At review, 29 (73%) patients were taking daily
non-steroidal anti-inflammatory drugs and 17 (43%)
were taking daily oral corticosteroids (only one patient
was taking >7.5 mg prednisolone daily). At the time
of review, 28 (70%) patients were taking a disease-
modifying drug including methotrexate (12 patients),
gold salts (seven), sulphasalazine (four) and other
disease-modifying drugs (five). Since enrolment, all
patients had received at least one disease-modifying
drug, 13 had received two, and nine had received three
or more disease-modifying drugs. Since enrolment,
gold salts had been prescribed for 33 patients,
methotrexate for 16, anti-malarial drugs for 13,
sulphasalazine for eight and D-penicillamine for six.

Clinical and laboratory results
All patients completed an AIMS questionnaire at

review. The AIMS scores in the RA patients were
significantly higher than those reported previously in a
healthy Irish population [15]. The median (interquartile
range) AIMS physical score was 1.7 (0.8-3.5), social
activity score was 3.5 (2.0-6.0), pain score was 4.3
(2.3-7.0), psychological score was 1.8 (1.2-3.4) and
global score was 2.2 (1.5-3.9).

Clinical and laboratory variables measured at
enrolment and at review are described (Table I).
Among patients in the present study, significant
improvement was observed in all clinical and
laboratory measures of disease activity, particularly
Ritchie articular index, haemoglobin and sedimen-
tation rate (Table I, Fig. 1). More detailed analysis
demonstrated that >90% had an improvement in

TABLE I
Demographic, disease activity and radiological details at enrolment and at review

Variable

Age(yr)
Sex (male:female)
Disease duration (yr)
Duration of follow-up (yr)
Rheumatoid factor (% + )
RAPAt reciprocal titre (if RF + )
Measures of disease activity

Morning stiffness^
Pain VAS|
Grip strength (ramHg)
Ritchie articular index
Haemoglobin (g/dl)
Sedimentation rate (rnm/h)

Larsen radiological score
Hands and feet

At enrolment*

46.4 (13.3) (20-72)
12:28
2.4 (2.9) (0.2-12.0)

2.9 (1.1) (\-4f*>
4.7 (2.6) (OJS.Ty™

128 (62) (40-284)*")
16 (12) (0-ASf»
12.0 (1.0) (9.6-13.4)<*>
59 (30) (11-124)°"

38 (36) (0-140)<)*

At review*

52.4 (13.6) (26-80)

8.5 (3.3) (4.6-18.4)
6.1 (1.1) (4.0-8.0)

93
790 (1234) (40-5120)§

11 (1.2) (\-Af>
3.2 (2.5) (0.0-5.3)"*

177 (76) (69-300)°"
7 (6) (0-19)*"'

13.1 (1.3) (.\Q.9-\5.eT1

19 (12) (4-4iy»

88 (40) (12-158)°"

< 0.0006
< 0.005
< 0.0001
< 0.0001
< 0.0001
< 0.0001

< 0.0001

'Results are expressed as the mean (S.D.) (range) unless otherwise stated,
are available.

^P value for comparison between enrolment and review data.
JRAPA, rheumatoid arthritis particle agglutination.
§Data expressed as the mean (median) (range).
Ul-4 scale.
|VAS, 0-10 cm visual analogue scale.

The number in superscript is the number of patients, where data
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Fio. 1.—Contrast between improvement in measures of disease
activity and deterioration in Larsen radiological score, S&M. bars are
indicated. 'Improvement is the mean actual change between
enrolment and review expressed as a percentage of the value at
enrolment; deterioration is the mean actual change expressed as a
percentage of the total change possible. fV AS, 10 cm visual analogue
scale.

sedimentation rate (36 of 39 patients), > 80% had an
improvement in Ritchie articular index (31 of 37),
morning stiffness (31 of 38) and grip strength (28 of 35),
and 75% had a rise in haemoglobin (28 of 38) (Fig. 2).

Radiological results
Radiographs at review were available in 39 patients

and serial (enrolment and review) radiographs were
available in 30 patients. Despite improvement in
measures of disease activity, there was evidence of
increased articular destruction (Fig. 1). The mean
radiological score deteriorated significantly between
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FKJ. 2.—Improvement in paired measures of grip strength (mraHg)
(A), Ritchie articular index (B), haemoglobin (g/dl) (Q and
sedimentation rate (mm/h) (D) measured at enrolment and at review.
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FIG. 3.—Deterioration in paired Larsen radiological scores measured
at enrolment and at review.

enrolment and review (P < 0.0001) (Table I). Only two
patients had no change in their radiological score
during the study (Fig. 3).

Relationship of clinical, laboratory and radiological data
Given the contrast between improvement in

measures of disease activity and increased articular
destruction, the relationship between the clinical course
and articular erosion was examined in detail. Firstly,
there was no correlation between any of the measures
of disease activity present at the time of enrolment
and either the degree of articular damage at enrolment
or the change in articular damage during the period of
observation. Thus, measures of disease activity at
enrolment did not predict the radiological course.

Several correlations were observed between a
number of measures of disease activity at the time of
review and the radiological course. Ritchie articular
index, haemoglobin and sedimentation rate correlated
with both actual and standardized change in

TABLE II
Correlation matrix between radiological change and change in

disease activity at review

Variable

Morning stiffness
Pain VAS§
Grip strength^
Ritchie articular index
Haemoglobin^
Sedimentation rate

Change in radiological score*

Actual changef

0.00
0.29
0.35
0.47 (<0.01)
0.56 (<0.002)
0.57 (<0.001)

Standardized
changej

0.03
0.32
0.41 (<0.03)
0.49 (<0.01)
0.56 (<0.002)
0.53 (< 0.003)

•Values represent the correlation coefficient (r value) with the P
value in parentheses where this was significant {P < 0.005).

fActual difference between radiological score at enrolment and at
review.

tActual change in radiological score expressed as a percentage of
total change possible.

§VAS, 10 cm visual analogue score.
HAM negative correlations.

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/35/12/1263/1782556 by guest on 21 August 2022



1266 BRITISH JOURNAL OF RHEUMATOLOGY VOL. 35 NO. 12
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FIG. 4.—Correlations between standardized percentage change in
Larsen radiological score* and grip strength (mmHg) (A), Ritchie
articular index (B), haemoglobin (g/dl) (Q and sedimentation rate
(mm/h) (D), all measured at review. 'Standardized percentage
change is the actual change in radiological score expressed as a
percentage of the total change possible.

radiological scores (Table II, Fig. 4). These measures
of disease activity also correlated with the degree
of articular erosion observed at the time of review.
Thus, Ritchie articular index (r = 0.36, P < 0.05),
haemoglobin (r = — 0.44, P < 0.001) and sedimen-
tation rate (r = 0.36, P < 0.05) measured at the time of
review also reflected radiological outcome.

DISCUSSION
This study has examined in detail the paradox of

clinical improvement and radiological deterioration in
a cohort of patients with RA observed over 6 yr. The
observation that the clinical and radiological course in
RA may follow diverging paths is not, of itself, new
[2-4]. Scott et al. [2] described significant improvement
in clinical and laboratory measures in 64 patients
observed over 1 yr who had evidence of continuing
joint destruction. They also described improvement in
the sedimentation rate in 88 patients observed over
10 yr who demonstrated radiological deterioration.
Sany et al. [3] observed improvement in the duration
of morning stiffness, Ritchie articular index and
sedimentation rate in 37 patients observed over 31
months, combined with radiological deterioration in
83% of their subjects. Capell el al. [4] also observed
improvement in most measures of disease activity,
combined with increased articular destruction in hand
radiographs, in 92 patients observed for 10 yr.

However, few studies have completed a detailed
examination of the paradoxical relationship between
the clinical and radiological course in RA [16-19]. In
examining this area, groups have sought clinical or
laboratory variables which have predicted future
radiological change or reflected past radiological

deterioration. Van Zeben et al. [19] observed that most
measures of disease activity were not useful predictors
of the radiological course in a prospective study of 132
female patients with RA observed over 6 yr. Although
the presence of fewer inflamed joints at entry was
associated with less articular destruction after 6 yr,
other measures of disease activity, such as morning
stiffness, sedimentation rate and haemoglobin level, did
not predict the radiological course. Factors other than
measures of disease activity, such as older age, female
sex, insidious onset, presence of RF, HLA-DR4 and
nodules have been shown to predict more severe
radiological destruction [18, 19]. However, some
measures of disease activity can reflect the radiological
course in later disease [2, 20]. Scott et al. [2] found that
patients with a persistently low sedimentation rate had
significantly less articular erosion over 10 yr. Fuchs
et al. [20], in a cross-sectional study of 148 patients,
described a correlation, albeit weak, between articular
destruction in the hand and joint tenderness. Although
neither study included other measures of disease
activity, their results are clearly consistent with the
findings in the present study.

The natural history of RA is of progressive articular
damage of varying severity, particularly during the
early years of the disease [21]. The findings of the
present study have highlighted that measures of joint
swelling, tenderness and function, as well as laboratory
measures which reflect synovial inflammation, can
demonstrably improve in most patients whilst articular
damage continues [22]. The observed correlations
between these measures of disease activity and
radiological parameters suggest that they are markers
for accelerated articular erosion. Synovial inflam-
mation and its clinical expression represent a composite
of multiple microscopic events, including vascular
proliferation, accumulation of several mononuclear cell
populations and secretion of inflammatory mediators
such as cytokines, prostaglandins, free radicals,
metalloproteinases and autoantibodies [1]. Many
therapeutic modalities in RA have been shown
to influence the clinical expression of synovial
inflammation and several of its cellular, molecular and
histological components [23-28]. However, despite
demonstrable and prolonged modification of several
inflammatory pathways, progressive articular erosion
has been demonstrated [29]. These observations suggest
that those mechanisms which underlie articular damage
may differ from those which are primarily responsible
for the clinical and biological manifestations
of synovial inflammation. We have previously
demonstrated that synovia! macrophages, but not
lymphocytes, correlated with the radiological course
and outcome in RA, whereas both lymphocytic and
non-lymphocytic cell populations correlated with
measures of disease activity [30]. In addition, there
are animal models of progressive articular erosion
occurring in the absence of lymphocytic involvement
[31]. It is possible that synovial macrophages, and other
non-lymphocytic cell populations, such as fibroblasts,
together with their secreted products, may play a
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critical role in mediating articular destruction, a role
which continues even when there is little evidence of
synovial inflammation and which may be little affected
by conventional therapeutic interventions. On the
other hand, manifestations of synovial inflammation
may reflect both lymphocytic and non-lymphocytic
populations in the synovium, and are responsive to
conventional therapeutic interventions. Undoubtedly,
there is interplay between macrophages, fibroblasts and
lymphocytes in the synovium in RA which may vary
according to the stage of the disease. The clinical,
laboratory and radiological data in the present study
derive from observations made at two points during the
course of the disease. Thus, it cannot be determined
precisely when the observed change in these measures
occurred. However, the potential for macrophages and
fibroblasts to act independently of other mononuclear
cell populations has been described [31, 32].

These observations have a number of practical
implications. It is clearly inadequate to rely on either
clinical, laboratory or radiological data alone to
monitor progress in patients with RA. Whilst clinical
or laboratory evidence of synovial inflammation
should arouse concern, since they appear to be markers
for increased articular erosion, articular erosion
appears to continue in patients with little evidence of
active disease. This need to distinguish between disease
activity and articular destruction is being increasingly
recognized [6,22]. New therapeutic modalities are
needed which regulate not only features of synovial
inflammation, but also slow or arrest articular
destruction. In this regard, newer therapies which
target macrophages and their products have yielded
promising results [28, 33, 34].

ACKNOWLEDGEMENT

DM was supported by a grant from the Health
Research Board of Ireland.

REFERENCES

1. Harris ED. Rheumatoid arthritis. Pathophysiology and
implications for therapy. N Engl J Med 1990;322:
1277-89.

2. Scott DL, Grindulis KA, Struthers GR, Coulton BL,
Popert AJ, Bacon PA. Progression of radiological changes
in rheumatoid arthritis. Ann Rheum Dis 1984;43:8-17.

3. Sany J, Kaliski S, Couret M, Cuchacovich M, Daures
J-P. Radiologic progression during intramuscular
methotrexate treatment of rheumatoid arthritis.
J Rheumatol 1990;17:1636-^l.

4. Capell HA, Murphy EA, Hunter JA. Rheumatoid
arthritis: workload and outcome over 10 years. Q J Med
1991;79:461-76.

5. van der Heijde DMFM, van't Hof MA, van Riel PLCM,
van Leeuwen MA, van Rijswijk MH, van de Putte LBA.
Validity of single variables and composite indices for
measuring disease activity in rheumatoid arthritis.
Ann Rheum Dis 1992;51:177-81.

6. Pincus T, Callahan LF. Prognostic markers of activity
and damage in rheumatoid arthritis: why clinical trials
and inception cohort studies indicate more favourable
outcomes than studies of patients with established
disease. Br J Rheumatol 1995;34:196-9.

7. Felson DT, Anderson JJ, Boers M et al. The American
College of Rheumatology preliminary core set of disease
activity measures for rheumatoid arthritis clinical trials.
Arthritis Rheum 1993;36:729-40.

8. Rooney M, Whelan A, Feighery C, Bresnihan B.
Changes in lymphocyte infiltration of the synovial
membrane and the clinical course of rheumatoid
arthritis. Arthritis Rheum 1989;32:361-9.

9. Soden M, Rooney M, Whelan A, Feighery C, Bresnihan
B. Immunohistological analysis of the synovial mem-
brane: search for predictors of the clinical course in
rheumatoid arthritis. Ann Rheum Dis 1991;50:673-6.

10. Ropes MW, Bennett GA, Cobb S, Jacox R, Jessar RA.
1958 revision of diagnostic criteria for rheumatoid
arthritis. Bull Rheum Dis 1958;9:175-6.

11. Meenan RF, Gertman PM, Mason JH. Measuring health
status in arthritis. The arthritis impact measurement
scales. Arthritis Rheum 1980;23:146-52.

12. Mallya RK, Mace BEW. The assessment of disease
activity in rheumatoid arthritis using a multivariate
analysis. Rheumatol Rehabil 1981;20:14-7.

13. Larsen A, Dale K, Eek M. Radiographic evaluation of
rheumatoid arthritis and related conditions by standard
reference films. Acta Radiol Diagn 1977; 18:481-91.

14. Dawes PT. Radiological assessment of outcome
in rheumatoid arthritis. Br J Rheumatol 1988;27
(suppl. l):21-36.

15. Doherty E, Rooney M, Conroy R, Bresnihan B. Health
status of functionally independent young adults with
chronic arthritis since childhood. J Orthop Rheumatol
1988;l:51-8.

16. McKenna F. Clinical and laboratory assessment of
outcome in rheumatoid arthritis. Br J Rheumatol
1988;27(suppl. l):12-20.

17. Corbett M, Dalton S, Young A, Silman A, Shipley M.
Factors predicting death, survival and functional
outcome in a prospective study of early rheumatoid
disease over fifteen years. Br J Rheumatol 1993;32:
717-23.

18. van Schaardenburg D, Hazes JMW, de Boer A,
Zwinderman AH, Meijers KAE, Breedveld FC. Outcome
of rheumatoid arthritis in relation to age and rheumatoid
factor at diagnosis. J Rheumatol l993;20:45-52.

19. van Zeben D, Hazes JMW, Zwinderman AH, Vanden-
broucke JP, Breedveld FC. Factors predicting outcome
of rheumatoid arthritis: results of a followup study.
J Rheumatol 1993;20:1288-96.

20. Fuchs HA, Callahan LF, Kaye JJ, Brooks RH, Nance
EP, Pincus T. Radiographic and joint count findings of
the hand in rheumatoid arthritis. Related and unrelated
findings. Arthritis Rheum 1988;31:44-51.

21. Sharp JT, Wolfe F, Mitchell DM, Bloch DA. The
progression of erosion and joint space narrowing scores
in rheumatoid arthritis during the first twenty-five years
of disease. Arthritis Rheum 1991;34:660-8.

22. Kirwan J, Arthritis and Rheumatism Council Low-dose
Glucocorticoid Study Group. The effect of glucocorti-
coids on joint destruction in rheumatoid arthritis. N Engl
J Med 1995^33:142-6.

23. Paulus HE, Machleder HI, Levine S, Yu DTY,
MacDonald NS. Lymphocyte involvement in rheum-
atoid arthritis. Studies during thoracic duct drainage.
Arthritis Rheum 1977^0:1249-62.

24. Tanay A, Field EH, Hoppe RT, Strober S. Long-term
followup of rheumatoid arthritis patients treated with
total lymphoid irradiation. Arthritis Rheum 1987;3(h
1-10.

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/35/12/1263/1782556 by guest on 21 August 2022



1268 BRITISH JOURNAL OF RHEUMATOLOGY VOL. 35 NO. 12

25. Walters MT, Smith JL, Moore K, Evans PR, Cawley
MID. An investigation of the action of disease
modifying antirheumatic drugs on the rheumatoid
synovial membrane: reduction in T lymphocyte subpopu-
lations and HLA-DP and DQ antigen expression
after gold or penicillamine therapy. Ann Rheum Dis
1987;46:7-16.

26. Isaacs JD, Watts RA, Hazleman BL et al. Humanised
monoclonal antibody therapy for rheumatoid arthritis.
Lancet 1992;340:748-52.

27. Moreland LW, Bucy RP, Tilden A et al. Use of a
chimeric monoclonal anti-CD4 antibody in patients with
refractory rheumatoid arthritis. Arthritis Rheum 1993;
36:307-18.

28. Horneff G, Sack U, Kalden JR, Emmrich F, Burmester
GR. Reduction of monocyte-macrophage activation
markers upon anti-CLM treatment. Decreased levels
of IL-1, IL-6, neopterin and soluble CD 14 in patients
with rheumatoid arthritis. Clin Exp Immunol 1993;
91:207-13.

29. Soden M, Hassan J, Scott DL et al. Lymphoid
irradiation in intractable rheumatoid arthritis. Long-

term followup of patients treated with 750 rads or 2,000
rads. Arthritis Rheum 1989;32:523-30.

30. Mulherin D, FitzGerald O, Bresnihan B. Synovia!
tissue macrophage populations and articular damage
in rheumatoid arthritis. Arthritis Rheum 1996;39:
115-24.

31. Geiler T, Kriegsmann J, Keyszer GM, Gay RE, Gay S.
A new model for rheumatoid arthritis generated by
engraftment of rheumatoid synovial tissue and normal
human cartilage into SCID mice. Arthritis Rheum
1994;37:1664-71.

32. Zvaifler NJ, Firestein GS. Pannus and pannocytes.
Alternative models of joint destruction in rheumatoid
arthritis. Arthritis Rheum 1994;37:783-9.

33. Firestein GS, Paine MM, Boyle DL. Mechanisms of
methotrexate action in rheumatoid arthritis. Selective
decrease in synovial collagenase gene expression.
Arthritis Rheum 1994;37:193-200.

34. Elliot MJ, Maini RN, Feldmann M et al. Randomised
double-blind comparison of chimeric monoclonal anti-
body to tumour necrosis factor a (cA2) versus placebo in
rheumatoid arthritis. Lancet 1994;344:1105-10.

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/35/12/1263/1782556 by guest on 21 August 2022


