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Clinical assessment of disease activity in rheumatoid
arthritis: evaluation of a functional test
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SUMMARY A cross sectional analysis of the correlation between clinical, laboratory, and
radiological markers of disease activity in 98 patients with classical rheumatoid arthritis (RA) is
reported. The median age was 38 years, the median age at onset of disease 29 years, and the
median duration of disease seven years. The Keitel function test (KFT) showed good correlation
with the Ritchie articular index (RAI) (p<0-0001; r=05) and the disability questionnaire (DQ)
(p<0-0001; r=0-6). The RAI and DQ correlated weakly with laboratory variables, while the
KFT showed significant correlation with the erythrocyte sedimentation rate (ESR), C reactive
protein (CRP), and plasma viscosity (PV) (p<0001; r=04; 03; 0.4). Only the KFT showed
significant correlations with bone mass measurements (p<0-01; r=-0-3; -0.4), and the Larsen
index at the right wrist (p<00001; r=0-4). Consensus analysis suggested that the KFT is a useful
single clinical test of disease activity in RA. The hand functional index (HFI), a component of the
KFT, showed significant correlation with the total KFT (r=0-9). Prospective drug trials are
needed to establish the value of the HFI in the monitoring of patients with RA.

Key words: rheumatoid activity monitoring, hand functional index, Keitel function test.

The assessment of disease activity in rheumatoid
arthritis (RA) is complicated by the overlap of
process and outcome measurements.' Since the
systemic index of Lansbury (LSI) was published2
there have been many reports about its use, but
hardly any comparisons with later indices. Numer-
ous statistical approaches have been recommended
in the interpretation of research.Yt A 'weighted'
articular index has recently been recommended for
clinical use.' A recent study introduces the concept
of consensus analysis in evaluating changes in the
natural history of the disease, comparing a number
of laboratory markers.7 These reports outline the
need for an all-encompassing clinical test of disease
activity in RA.

Functional assessment is not a standard compo-
nent of composite indices.8 The Steinbrocker classi-
fication of 1948 (American Rheumatism Association
(ARA)) has been the standard reference of func-
tional assessment in drug trials.9 The Keitel function
test (KFT) "' has been shown to have a high
coefficient of generalisability in RA, " but it has not
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been studied as a marker of disease activity. It has
been found to be a more reproducible method of
clinical assessment than the Ritchie articular index
(RAI),'2 which is often a component of protocols
evaluating drug treatment. 13

Several attempts have been made to relate
radiological changes to laboratory and clinical
variables.'4 't The consensus seems to be that
'remission inducing' drugs improve clinical and
laboratory variables'" but do not seem to influence
radiological progression. '4 Several reasons may
explain this lack of correlation. The most obvious is
that these variables are measuring different
pathogenetic processes.

Against this background, a cross sectional study
was undertaken to evaluate the correlation of
measures of functional ability with clinical, labora-
tory, and radiological assessments of rheumatoid
arthritis. Consensus analysis was used to find the
most suitable functional test which would convey
information regarding all these important changes of
the disease.

Materials and methods

The protocol was approved by the research and
773
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774 Kalla, Kotze, Meyers, Parkyn

ethics committee at the University of Cape Town. It
was completed over a 12 month period. The study
was confined to a premenopausal, young group of
subjects who were independently ambulant, as age,17
menopause,18 and physical activity19 have a signifi-
cant effect on early radiological changes (osteoporo-
sis), while laboratory changes (erythrocyte sedi-
mentation rate (ESR)) are influenced by age.20
Ambulant patients with definite or classical RA21

under 50 years of age, who were attending the
arthritis clinics of the rheumatic diseases unit at the
University of Cape Town, were selected for study.
A protocol was designed to record demographic
data, menopausal status, duration of disease,
criteria for classification of disease, work capacity,
and family history of arthritis. Age at onset was
taken as the time of first onset of symptoms of the
disease. Patients were evaluated once only.

Disease activity was assessed clinically in several
ways, by a single observer (AAK): (a) pain was
recorded by the patient on a 10 cm visual analogue
scale22; (b) the patient similarly graded the severity
of the disease on a 10 cm visual analogue scale; (c)
duration of early morning stiffness23 was graded on
a scale of 0-5, where O=less than 45 minutes, 1=45
min-2 hours, 2=2-3 hours, 3=3-4 hours, 4=4-5
hours, and 5=5 hours or more; (d) hours to onset of
fatigue23 were graded on a scale of 1-4, where
1=less than 2 hours, 2=2-4 hours, 3=4-6 hours,
4=6 hours or more, (e) the presence or absence of
night pain23 was recorded; (J) warm and swollen
joints were individually counted; (g) the response to
pain on pressure was recorded for the RAI1; (h) the
mobility score24 was determined by a disability
questionnaire (DQ), scaling the ease with which 24
activities of daily living could be carried out; (i) the
KFJ,10 based on the observed performance of 24
tasks, was graded according to degree of perform-
ance by the patient; (j) global assessment of disease
activity was based on the physician's clinical findings
and classed as nil, mild, moderate, and severe; (k)
the LSI2 was calculated using the grip strength,
duration of early morning stiffness and hours to onset
of fatigue. The articular index and use of aspirin were
not included in deriving the modified index. Grip
strength was measured with the Mannefeldt mano-
meter (mmHg).
The KFT was arbitrarily divided, according to the

major joints tested, into three groups of joints
representing hands and wrists, shoulders, and lower
limbs respectively. The hand and wrist component
of the test, conveniently named the hand functional
index (HFI), is shown in Appendix A.

Several laboratory measures of disease activity
were simultaneously tested. The Westergren ESR
(mm/h), C reactive protein (CRP) (g/l) (rocket

electrophoresis), and plasma viscosity (PV) (centi-
poise) (capillary viscometer) were recorded for
comparison with the above clinical markers. The
modified LSI was calculated as described. Radiolo-
gical evaluation was performed on both hands,
radiographed at a tube distance of 100 cm; exposure
and development times were standardised for this
study. Bone mass was calculated using a digitiser for
measurement of inner and outer diameters at the
midshafts of six metacarpals. The methods of
Barnett and Nordin,2S Dequeker,26 Exton-Smith
et al,27 and Horsman and Simpson28 were used in
the calculation. The percentage cortical area and
six metacarpal hand score were selected as the
measures of bone mass as these are considered to be
the most precise.26 28 The carpometacarpal ratio
was calculated by the method of Trentham and
Masi.29 The right wrist was then graded for severity
according to the modified index of Larsen et al.3"' All
radiological evaluations were performed by a single
observer (AAK).

STATISTICAL METHODS
The data were recorded and checked on the IBM
personal computer. These were then transcribed to
the mainframe computer at the Biostatistics Insti-
tute (MRC), which was used for all the statistical
calculations. The SAS package3' 32 and BMDP
statistics software33 were used for all the analyses.
Spearman rank correlations were calculated for the
various clinical, laboratory, and radiological vari-
ables. The results of the ordinal (continuous) vari-
ables only are reported as these are probably the
most reliable. The respective correlations were cross
tabulated (correlation matrix), which provided easy
visualisation of the rank correlation coefficient (r) as
well as the probability that the correlation was equal
to zero (p value). The consensus value was the
arithmetic average of the ranks of all tests other than
the test under scrutiny. Consensus analysis was
performed for the modified LSI, ESR, PV, and
Larsen index at the right wrist.

Results

The study group consisted of 98 patients (28 male,
70 female), median age 38-1 years (range 18-50),
and with a median duration of disease of seven years
(range six months-28 years). The ESR (range 1-150
mm/h) was raised in 63%, the CRP (range 011-5
g/l) was raised in 60%, and the PV (range 1P39-3-03
cP) was raised in 80% of the patients at the time of
study.

Table 1 shows the ARA classification of functional
disability' as well as the UK functional classification.34
In the same table the range for the total Keitel score
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Assessment of rheumatoid activity 775

and DQ in the respective ARA and UK classes is
also shown. It can be seen that there is a wide range

of difficulty with activities of daily living, which are

not detected in the narrow ARA or UK classification
of disability.
The Spearman rank correlation matrix (Table 2)

shows the correlation coefficient (r) in the upper

triangular matrix and the p value in the lower
triangular matrix. The table shows that all the
functional tests correlate significantly with the RAI
(p<O-OOOl).
Table 3 examines the possible clinical usefulness

of the three tests in evaluating disease activity. The
DQ and KFT seem to differ in the way in which they
relate to these other clinical tests of inflammation,
particularly with respect to changes such as warmth
or swelling of a joint, early morning stiffness, and
hours to onset of fatigue. The LSI (a composite
index of disease activity including ESR) correlated
impressively (p<0-0001) with the three clinical tests
(RAI, DQ, KFT) (r=0-6; 0-6; 0-5 respectively).
When the ARA and UK functional classifications
were compared with the same clinical variables as

above, significant correlations were seen with all the
tests.

Table 1 American Rheumatism Association (ARA) and
UK functional classification of activities of daily living in
98 subjects with RA*

Functional n Range of Other tests
classification KFTt (DQ)t

ARA: 1 22 5-40 0-51
2 76 13-86 6-135

UK: 1 16 5-40 0-51
2 34 6-64 0-99
3 48 18-86 6-135

*The more recent test of global disability (DO) is shown for
comparison.
tKFT=Keitel function test; DQ=disability questionnaire.

Table 2 Correlation matrix showing relation between
Ritchie articular index (RAI), disability questionnaire
(DQ), and Keitel function test (KFT)*

RAI DQ KFT ARA UK

RAI 0-6 0-5 0-5 0-6
DO 0-0001 0-6 0-6 0-7
KFT 0-0001 0-0001 0-6 0-6
ARA 0-0001 0-0001 0-0001 0-9
UK 0-0001 0-0001 0-0001 0-0001

*The correlation coefficient (r) is shown in the upper and the
p value in the lower triangular matrix (Spearman). Also shown are

the comparisons with the older functional classifications (ARA,
UK).

Table 3 Comparison of relations of Ritchie articular index
(RAI), disability questionnaire (DQ), and Keitel function
test (KFT) with standard clinical measures of disease activity
in RA

RAI DQ KFT HFI*

SVAS* r 0-3 0-5 0-4 0-2
p 0-01 0-0001 0-0001 0-02

PVAS* r 0-4 0-5 0-2 0-05
p 0-0001 0-0001 003 NS

Fatigue r -0-4 -0-3 -0-3 -0-1
p 0-0001 0002 0-01 NS

EMS* r 0-4 0-4 0-3 0 3
p 0-0001 0-0001 0-003 0-008

Physician r 0-5 0-3 0.4 0 5
p 0-0001 0-01 0-0002 0-0001

Warm r 0-3 0-2 0-3 0-34
p 0.01 NS 0-003 0-0004

Swollen r 0-3 0-2 0-4 0 5
p 0-001 NS 0-0001 0-0001

LSI* r 0-6 0-6 05 0-4
p 0-0001 0-0001 0-0001 0-0001

*HFI=hand functional index; SVAS=severity of disease on a
visual analogue scale, PVAS=pain on a visual analogue scale:
EMS=early morning stiffncss: LSI=Lansbury's systemic index.

Table 4 shows the relations between the RAI,
DO, KFT, and the three standard laboratory
markers of disease activity. The RAI correlated
significantly with the ESR (p<0-05), but not with
the CRP or PV. The DO correlated significantly
with the ESR (p<0-01) and PV (p<0-005), but not
with the CRP. The KFT, on the other hand,
correlated significantly with all three laboratory
tests (p<00001; p<0002; p<0-0002). The HFI also
correlated with all three laboratory tests of disease
activity in RA.
Table 5 shows the correlation of RAI, DQ, and

KFT with radiological markers. The RAI and DQ
did not show a significant relation with any of the
radiological markers used in this study. Although

Table 4 Comparison of relations of Ritchie articular index
(RAI), disability questionnaire (DQ), and Keitel function
test (KFT) with laboratory markers of disease activity
and severity in RA

RAI DQ KFT HFI*

ESR* r 0-2 0-3 0-4 0-4
p 0-02 0-01 0-0001 0-0003

CRP* r 0-2 0-1 0-3 0-3
p NS NS 0-002 0-01

PV* r 0-1 0-3 0-4 0-4
p NS 0-005 0-0002 0-0003

*HFI=hand functional index; ESR=erythrocyte sedimentation
rate; CRP=C reactive protein; PV=plasma viscosity.
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776 Kalla, Kotze, Meyers, Parkyn

the carpometacarpal ratio did not correlate signifi-
cantly with any of the clinical tests (p>005), the
KFT was the only test which approached signifi-
cance (p<008). The KFT was also the only test
which showed a significant correlation with metacar-
pal bone mass and the Larsen index at the right
wrist. In addition, the HFI showed more significant
correlations with the above radiological markers
than did the RAI or DQ.
The component Keitel scores correlated signifi-

cantly with the total score (p<0-0001) (Table 6).
The variation in the HFI explained the largest
proportion of the variation in the total score

(r=0.873). In this group of subjects the HFI was

able to predict over 75% of the variation in the total
KFT (r-).
Consensus analysis showed that the three clinical

tests (RAI, DO, KFT) ranked comparably against
the LSI. The RAI was the weakest test in the
ranking against the ESR, PV, and Larsen index at
the right wrist. The KFT superseded the consensus

value in each ranking process. The results of the
comparison of RAI and KFT with the respective
consensus is depicted in the histograms in Fig. 1.

Table 5 Comparison of the relations of Ritchie articular
index (RAI), disability questionnaire (DQ), and Keitel
function test (KFT) with metacarpal bone mass (CA%,
M6HS),* carpometacarpal ratio (CMR), and the Larsen
index at the right wrist

RAI DQ KFT HFI*

CAM'0o r -0 1 -)-04 -0(3 -0(2
p NS NS 00-()2 0(05

M6HS r 0()1 1-(- 4 02)-
p NS NS (0()(06 ()02

CMR r (01 04)1 -02 -(01
p NS NS 0(08 NS

Larsen's index r 0 1 -0(4 0(3
p NS NS 000(10I002

*CA%=pcrcentagc cortical area: M6HS=six metacarpal hand
score; HFI =hand functional index.

Table 6 Relation between the Keitel components and the
total Keitel function test (KFT) in the patients with RA*

HFlf Shoulder Lower limb KFT

HFI 0.5 04 09
Shoulder ()0001 0-4 0-7
Lower limh ()0001 0001 0(7
KFT ()0001 0-0001 0-()(01

*The correlation coefficient (r) is shown in the upper and the

p value in the lower trianguilar matrix.
tHFI=hand functional index.
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Fig. 1 Histograms showing the results ofconsensus
analysis. The figure compares the relationship between the
KFT and RAI and the respective consensus ranking derived
from the RAI, KFT, DQ, and HFI. The tests were ranked
with respect to the modified LSI, ESR, PV, and Larsen
index at the right wrist. (KFT=Keitelfunction test;
RAI=Ritchie articular index; DQ=disability questionnaire;
HFI=hand functional index; LSI= Lansbury systemic
index; ESR=erythrocyte sedimentation rate; PV=plasma
viscosity.)

Discussion

It has been pointed out by several authors that
metacarpal bone mass is lost at a disproportionate
rate in some individuals over the age of 50
years. 17 25 26 The ESR is known to rise with age,2'
which is one reason why the PV is recommended as

a more objective marker of inflammatory
activity.35 36 It has also been shown that functional
disability is greater in patients with longer duration
of arthritis. 37 For all these reasons it was con-

sidered essential to exclude patients over the age of
50 years and those who were severely incapacitated.
In this way the significance of correlations between
variables need not be clouded by the confounding
effects of age and physical activity on laboratory and
radiological variables.
The LSI2 needs to be modified for use in clinics

such as ours, where salicylates are rarely used in the
management of RA. Use of a weighted articular
index is also complex and time consuming. The
RAI12 has been widely used for its simplicity and
was chosen as the articular index for this study. It
may be regarded as the 'gold standard' in clinical
studies. Thermography is a reproducible technique
of measuring activity in RA,38 but it is not generally
available for use in a busy practice. The ARA
criteria for remission include the absence of fatigue,
morning stiffness, and night pain.23 These variables
are relatively subjective, possibly making them

2 RAI
r', 11 CONSENSUS

KFT

El CONSENSUS
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Assessment of rheumnatoid activity 777

unsuitable as markers of activity in RA, despite
their wide clinical application. Also, physicians are
known to be inconsistent in their clinical judgment
of disease activity,39 and a simple, reproducible,
meaningful clinical test is needed. When some of
these 'external' tests were used, two thirds (or
more) of our patients had active disease.

This seems to be the first comparison of the LSI
with other disease activity markers (RAI). Ritchie et
al showed good reproducibility between three
observers,'2 while other workers have been unable
to reproduce the test adequately between
observers." In fact, the RAI was recently modified
to improve the interobserver reproducibility.4"
Although the KFT was developed as a global

measure of function in RA,"' and the DO as a
measure of mobility,- it appears from Table 3 that
these functional tests also measure disease activity.
The significant correlation between the above tests
(RAI, DQ, KFT) and the LSI suggests that they are
all suitable markers of systemic disease. It is
important to note that the HFI also correlated
significantly with the LSI.
Although both functional tests (DO, KFT) corre-

late significantly with the RAI, the tests are not
predictive of each other (r<0 8). The significant
correlation between the RAI, DQ, and KFT con-
firms the clinical impression that active disease has a
negative effect on functional capabilities. Caution is
required in the interpretation of correlations where
the dependent variable has a narrow range (ARA,
UK functional classifications) as the predictive value
(r2) may need to exceed 50% to be meaningful. The
broader ranges of the KFT and DQ suggest that they
may be suitable functional tests for comparison with
the RAI, which is established as a clinical test of
global disease activity in RA. It is interesting that
the DQ and KFT not only test function but also give
a significant reflection of disease activity. The ARA
and UK functional classifications also show signifi-
cant correlations with the RAI. They explain less of
the variation in RAI than might be expected by
chance, however.
Our findings of a good correlation between the

KFT and RAI are the first such report. Although all
three global tests showed good correlation with
other clinical markers of disease activity in RA, it is
interesting that the DQ did not correlate signifi-
cantly with warmth or swelling of the joints. Table 3
shows also that the DO reflected equally the
patient's impression of severe disease and pain.
while the KFT correlated more closely with the
patient's impression of disease severity than pain.

Mielke and Deicher showed the limited signifi-
cance of laboratory variables in assessing disease
activity in RA.4' The significant correlation between

these clinical tests (RAI, DQ, KFT) and the ESR
could be anticipated from the positive correlation
with the LSI. The lack of correlation between the
RAI and CRP confirms a recent report.7 The DQ
also showed no significant correlation with the CRP,
while the KFT correlated significantly with all three
laboratory tests (Table 4). This suggests that the
KFT may be a more useful global clinical test of
disease activity than the DQ or RAI.

Several workers have commented on the lack of
correlation between improvement in clinical and
laboratory variables and radiological change in the
same patients. '4 15 Some of the difficulties in assessing
disease activity radiologically may be due to the
confusion in differentiating 'process' changes from
,outcome' measures. ' 42

Capell questioned the type of radiological changes
used in evaluating drug responses in RA.43 Scott
and Bacon have shown that the erosion in RA is
irreversible, except under unusual circumstances.14
Buckland-Wright, using the technique of microfocal
radiography, has shown that early erosions can be
scored and monitored for change.4 Schorn has
shown an increase in the metacarpal index with
penicillamine treatment, confirming the sensitivity
of bone mass measurement as a suitable end point
for monitoring the effects of remission inducing
drugs.4

Table 5 shows that the RAI and DQ did not
correlate significantly with any of the radiological
variables recorded in this study. Our finding of an
inverse relation between KFT and bone mass
confirms the recent observation that bone mass falls
with increasing disability, despite adequate
ambulation. 19 Although none of the three tests
showed a significant correlation with the carpometa-
carpal ratio, the KFT came closest at the 10% level
of confidence. The KFT was also the only test which
showed a significant correlation with the Larsen
index at the right wrist.
The KFT is an unacceptably time consuming test

and not suitable for a busy clinic. When the test was
subdivided into three component parts it was shown
that in these subjects global involvement was
common. The results showed that the total KFT
could be adequately predicted by a test of hand
function (HFI) alone (r=0.873; p<0-0001). This is a
tremendous saving on the time taken to complete
the full KFT, and is less than the time taken to
perform the RAI or DQ. The preceding tables
showed that the HFI correlated significantly with
several clinical, laboratory, and radiological changes
in RA. In a busy clinic time is often a limiting factor.
The RAI can be performed within five to seven
minutes,1' whereas the KFT requires about 12
minutes.'1' The HFI is performed in less than one
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minute! It is, therefore, very suitable for clinical use,
particularly as it correlates significantly with other
disease activity markers.
When consensus analysis' was used the KFT

fulfilled several of the requirements for a clinical test
of disease activity in RA: (a) it was conveniently
divided into component parts which show strong
correlations with the total test score; (b) of the three
main clinical tests studied, it showed correlation
with semiobjective tests such as the ESR, CRP, and
PV; (c) it correlated also with bone mass measure-
ments and the Larsen index at the right wrist,
suggesting that osteoporosis may be a significant end
point in the radiological evaluation of the effects of
remission inducing drugs in the treatment of RA, as
suggested by Schorn et al.45

Fries regards disability as an essential dimension
in the measurement of outcome.42 46 Our findings
suggest that the KFT is also a process variable. The
sensitivity to change needs to be validated in
prospective studies (analogous to earlier evaluations
of change in RAI, ESR, CRP, and radiological
abnormalities of RA) in drug trials. The first such
study with auranofin was able to show significant
improvement in KFT as one measure of outcome.47
Further studies are needed to establish the full
potential of the HFI as a measure of outcome in
RA.

The authors wish to express their thanks to Sr G M M Brown for
rccruiting patients and controls for this study. and also to Miss R
van Wyk. of the MRC(SA). for the computer analyses of the data.
This research was supported by the Arthritis Foundation (SA). the
MRC (SA). and the Nellie Atkinson aind Guy Elliott funds
(University of Capc Town).

Appendix A: Hand functional index (HFI)
Test Ite,n.s

1. Tip of thumb touches
hypothenar of 5th
finger

2. Bending of 2nd finger

...3rd,...4th ...Sth
fingers

6. Forearm held horizontal.
palmar surfaces
pressed together point
upward

Graditig (riteria
Rig/it Left

() Test performed fully
and with no delav

Test performed fully but
with effort or delay.
or both

2 Tip of thumb touches
proximal phalanx 3
and 4

3 3 Neither realised
() () Clutched normally
1 I Cannot be bent fully: tip

reaches palm
2 2 Fingertip does not reach

palm
As above

I I Test performed fully
and no delay

2 Test performed fully
with effort or delay,
or both

3 3 Volar and dorsal fiexion
of wrist 45°

7. Forearm held horizontal.
dorsal surfaces
pressed together
point downward

2

3

8. Both backs of hands ()
simultaneously on the I
tabie elbows held
reetangularly: ulnar
margin of hand lifted 2

9. Radial margins of hands ()
simultaneousiv plaecd 1
on tabie thumb points
downward before table
cdge: planes of hands 2
inclined inward: no
lateral bending of trunk

1 Fully. no dclav
2 Fully; with effort or

delay. or both
3 Pailmar and vcntral

flexion of wrist 45i
() Pcrformed fulls

Backs of hands on tablc;
margin ciannot lift

2 Baicks of hainds not fuliv
on ttble

() Performed fully
I Plancs of hands

perpendicular: cannot
bc inclined inwaird

2 Planes of hands not
vertical
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