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Exercise can reverse quadriceps sensorimotor
dysfunction that is associated with rheumatoid
arthritis without exacerbating disease activity
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Abstract

Objectives. To compare quadriceps sensorimotor function, lower limb functional performance

and disability in patients with rheumatoid arthritis (RA) and healthy subjects, and to investigate
the efficacy and safety of a brief rehabilitation regime.

Methods. Quadriceps strength, voluntary activation, proprioceptive acuity and the aggregate
time [aggregate functional performance time (AFPT)] taken to perform four common activities
[aggregate functional performance time (AFPT)] were compared between 103 RA patients who
had lower limb involvement and 25 healthy subjects. In addition, disability (Health Assessment
Questionnaire), clinical disease activity and the plasma concentration of proinflammatory
cytokines were measured in the RA patients. In a follow-on randomized controlled trial of
rehabilitation, these variables were used as baseline data for 93 of the RA patients, who were
randomized to a rehabilitation or a control group. Changes in the variables were analysed within
and between groups.

Results. Compared with healthy subjects, RA patients had weaker quadriceps [mean
difference 157 N; 95% confidence interval (CI) 125-189], poorer activation (8%, 95% CI 4.5-15)
and proprioceptive acuity (0.8°, 95% CI 0.4-1.3) and took longer to perform the AFPT (34 s, CI
23.5-44.8). Rehabilitation increased quadriceps strength (mean increase 61 N, 95% CI 28-95)
and voluntary activation (8%, 95% CI 3-12.4) and decreased the AFPT (12.3 s, 95% CI -2
to 27.7) and subjective disability (0.21 HAQ points, 95% CI 0-0.35) without exacerbating disease
activity. All the improvements were maintained at the 6-month follow-up. There was no change
during the control period.

Conclusions. Patients with RA that affected their lower limb had quadriceps sensorimotor
deficits that were associated with lower limb disability. A clinically applicable rehabilitation
regime increased quadriceps sensorimotor function and decreased lower limb disability without
exacerbating pain or disease activity. For patients with well-controlled RA that causes lower limb
involvement, the regime is effective and safe.

Key worps: Rheumatoid arthritis, Sensorimotor dysfunction, Randomised controlled trial,
Exercise therapy, Disability.

Muscle weakness is a common sign and symptom of
rheumatoid arthritis (RA) and may contribute to
impaired performance of the common activities of
daily living (ADL) and disability [1-4]. Muscle weak-
ness is usually considered to be a consequence of disuse
atrophy because the patient’s normal activities are
impeded by the widespread joint pain, inflammation
and damage that characterize RA [2, 5-8]. Another
cause of muscle weakness is incomplete voluntary
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activation of muscles crossing painful, inflamed or
damaged joints, which has been reported following
traumatic injury [9-12] and osteoarthritis (OA) [13, 14]
but has only been reported in one small study of RA
[15]. In traumatically injured joints and OA, rehabilita-
tion increases voluntary activation and hence muscle
strength, but the effect of rehabilitation on voluntary
activation in RA has never been reported.

Recently, there has been increased interest in the role
of muscle sensory dysfunction, i.e. decreased proprio-
ceptive acuity, in patients with OA [16-18] and RA [19].
In knee OA rehabilitation may improve these proprio-
ceptive deficits [20], but the influence of rehabilitation
on proprioceptive acuity in RA has not been reported.
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As muscle weakness is associated with disability,
patients with RA are often referred for rehabilitation to
improve muscle strength and functional ability and to
maintain independence. Although exercise can increase
muscle strength [1-4], few studies have investigated
whether this results in an improvement in functional
performance and decreases disability. Moreover, these
research studies usually involve prolonged and labour-
intensive rehabilitation regimes—often patients are
required to attend three exercise classes a week for
12 weeks—making them expensive and clinically
impracticable. Therefore, effective and cost-effective
rehabilitation regimes which could be implemented
clinically are needed.

As well as being effective, rehabilitation regimes
must also be safe. Recently, it has been suggested that
exercise of inflamed joints might cause damage by
hypoxic reperfusion injury [21-24], whereby contraction
of muscles acting across inflamed joints raises the intra-
articular pressure above the perfusion pressure, preclud-
ing the blood supply to the synovium, which becomes
hypoxic. When the muscles relax the synovium is
reperfused, but this liberates free oxygen radicals that
cause tissue damage and persistent synovitis by the
liberation of proinflammatory cytokines, i.e. interleukin
(IL) 1B, IL-6 and tumour necrosis factor a (TNF-«) [23].
The implication of this hypothesis is that exercise—even
common physical activities [23]—may be inappropriate,
dangerous and contraindicated for patients with inflam-
matory joint conditions. Therefore, it is imperative to
establish whether exercise in RA is safe for the large
number of patients who are referred for rehabilitation,
in which exercise therapy is the major component.
Furthermore, advice to refrain from physical activity
would exacerbate muscle weakness and disability and
increase the likelihood of complications induced by
decreased mobility. Although most trials assessing the
efficacy of rehabilitation suggest that exercise does not
exacerbate disease activity or inflammation, very few
studies have simultaneously assessed disease activity
[1-3] or the concentration of proinflammatory cytokines
[25, 26].

This study (i) compared the quadriceps sensorimotor
function (weakness, voluntary activation and prop-
rioceptive acuity) of healthy subjects and RA patients
with lower limb involvement and examined the asso-
ciation between muscle dysfunction and lower limb
functional performance and disability; (ii) investigated
the efficacy of a short, clinically practicable exercise
regime designed to improve quadriceps sensorimotor
function, lower limb functional performance and dis-
ability; and (iii) evaluated whether the rehabilitation
regime exacerbated disease activity by simultaneously
measuring clinical disease activity and plasma concen-
tration of proinflammatory cytokines (IL-1p, IL-6
and TNF-a).

Methods

The trial profile is summarized in Fig. 1.

Comparison of motor function and disability in
RA patients and healthy subjects

Patients. One hundred and eight patients (21 males)
who had had definite RA [27] for 2 yr or more (mean
duration 11 yr, range 2-40) that involved their lower
limb were recruited. Patients were excluded if they
(1) had an acute exacerbation of their disease (defined
as more than six swollen joints, more than nine
tender joints and an erythrocyte sedimentation rate
>60 mm/h); (ii) suffered from unstable coexisting
major medical problems (e.g. unstable hypertension,
diabetes mellitus); (iii)) been started on slow-acting
drugs (e.g. gold injections) or systemic steroids within
the previous 3 months; (iv) were using daily pred-
nisolone > 10 mg; or (v) were wheelchair-bound. During
the baseline assessments, five patients experienced pain
that interfered with the performance of the assess-
ments and all their data were excluded (Fig. 1). The
patient’s normal drug regimen was recorded: 27 patients
were on first-line agents, e.g. simple analgesia or non-
steroidal anti-inflammatory agents; 68 patients were
taking second-line agents, e.g. methotrexate or sulpha-
salazine; and 13 patients were on third-line agents,
e.g. systemic steroids (<10 mg prednisolone daily).
Alterations in first-line agents were permitted during
the study, but it was considered that change of second-
line agents would confound the results; if this
occurred, the patient’s data were excluded.

Healthy subjects. Twenty-five age-related, healthy
subjects (nine males) with no history of serious limb
injuries and no unstable medical conditions were
recruited from local elderly activity groups (e.g. bowls
clubs) and were used as a comparative group.

Assessment of variables

A detailed description of the way in which the variables
were assessed has been published [13]; a summary is
given below.

Clinical examination. A full clinical examination of
the knee joint was performed on all participants. This
evaluated the range of movement, deformity, integrity
and stability of the knee and the presence of effusion
or synovitis.

Bilateral isometric quadriceps strength and voluntary
activation. Quadriceps motor function was estimated
using a strain gauge system attached to a specially
constructed chair upon which the patient was seated
with their hips and knee flexed to 90°. In this position
the presence and degree of reduced activation were meas-
ured by superimposing percutaneous electrical stimu-
lation on a voluntary isometric contraction [18, 28, 29].
Three maximum voluntary contractions (MVCs) were
recorded and analysed off-line. The weakest leg was
deemed the ‘index leg’. If the strengths of both legs
were comparable, the patient was asked to nominate
which leg they considered most affected by the dis-
ease and this leg was designated the index leg. The
muscle strength and voluntary activation recorded
during the strongest MVC of the index leg was used
in the data analysis.
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108 patients recruited

= ~ =5 patients withdrawn due to experiencing

severe pain during assessments

103 patients eligible (and compared with 25 healthy subjectsj

\t = ~ =10 patients declined to participate;

4 did not want to; 6 had family/work commitments

93 patients agree to be randomised

Y

47 patients received
immediate rehabilitation.

14 patients withdraw during rehab:
1 failed to attend assessment session;
9 had unrelated medical problems;
4 had exacerbation of their condition.

Y

46 patients randomised to control group

RS <y 5 patients withdraw from study:
1 exacerbation of RA; 1 low back
pain; 2 hip fractures; 1 did not attend

41 patients accept invitation to
take part in rehabilitation regime

\ ~3
13 patients withdrew during rehabilitation:
5 unable comply with rehab time commitment;
6 had unrelated medical problems.
2 had exacerbation of their condition.

61 patients completed rehabilitation regime

V

~
->

9 patients were lost to follow-up:
2 in acute flare; 5 did not attend;
2 unable to contact;

52 patients re-assessed at 6/12 follow-up
(3 excluded due to change in medication)

FiG. 1. Trial profile showing route taken by a patient entering the study. The numbers of patients who withdrew from the trial

for different reasons are given.

Proprioception. Proprioceptive acuity was estimated
from the acuity of reproduction of knee joint position
sense (JPS). An electrogoniometer (Penny and Giles,
Gwent, UK), attached to the lateral aspect of the knee,
was used to measure the mean error of 10 actively
reproduced knee joint angles, randomly selected
between 90° flexion and full knee extension [13].

Objective functional performance. The time taken to
perform four common ADL (walking 50 feet on level
ground, rising from a chair and walking 50 feet, and
ascending and descending a flight of stairs) were
recorded and aggregated to produce an assessment of
functional performance, called the aggregate functional
performance time (AFPT) [13].

Disability. Patient-reported disability and handi-
cap were assessed using the Health Assessment

Questionnaire (HAQ) [30]; higher HAQ scores indi-
cate greater disability. The healthy subjects completed
the Lequesne index for knee OA in order to evaluate
whether this joint condition, which is common in this
age group, was causing lower limb disability [31].

Clinical disease activity. Disease activity was assessed
using the outcomes advised at the Conference on
Outcome Measures in Rheumatoid Arthritis Clinical
Trials (OMERACT); these are listed in Table 2 [32].

Biochemical markers. Venous blood samples were
obtained from the patients only and spun on a centri-
fuge, and the plasma was extracted, frozen and stored
at —70°C. The samples were assayed to estimate the
concentrations of TNF-«, IL-15 and IL-6 (Biosource
Europe, Nivelles, Belgium) by the Clinical Biochemistry
Department, King’s Healthcare Trust.
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Randomized controlled trial of the efficacy and safety
of rehabilitation for patients with RA

Patients. All 103 patients assessed were invited to
participate in a prospective, randomized, controlled
trial of rehabilitation; six patients declined to partici-
pate because of work/family commitments and four did
not wish to participate (Fig. 1). The 93 patients who
agreed to participate were randomized by selection of
a sealed, opaque envelope that contained their treat-
ment allocation, to begin rehabilitation immediately,
or to a control group (Fig. 1).

Assessments. The data from the cross-sectional com-
parison (i.e. quadriceps strength, activation, knee JPS,
AFPT) and HAQ score, disease activity and plasma
concentrations of TNF-«, IL-15 and IL-6 were used as
the baseline data for the patients who undertook the
rehabilitation regime. All the variables were reassessed
at the end of the control period or the rehabilitation
regime. In addition, to investigate whether exercising
caused an immediate increase in the circulating con-
centrations of proinflammatory cytokines, additional
blood samples were taken from 15 patients selected at
random, immediately before and after the second and
tenth exercise sessions. All the blood samples were
stored and assayed as described above.

Control period. Patients randomized to the control
group (n = 46) continued their normal activities and
were recalled after 8 weeks, when the baseline vari-
ables were reassessed. All the patients in the control
group were invited to undertake the rehabilitation
regime; 41 patients agreed (Fig. 1), and these are
called the ‘delayed rehabilitation patients’. Data from
the post-control assessment of the delayed re-
habilitation patients were used as the pre-rehabilitation
baseline data and changes during rehabilitation were
compared with these data.

Rehabilitation. Data from the 47 patients random-
ized to begin rehabilitation immediately and the 41
delayed rehabilitation patients were pooled for within-
group analysis (n = 88 rehabilitated patients) (Fig. 1).

The rehabilitation regime consisted of 10 exercise
sessions (two a week for 5 weeks) and comprised relat-
ively simple, progressive, individually prescribed exer-
cises designed to increase quadriceps strength, address
each patient’s disabilities and improve balance and
coordination, using inexpensive and unsophisticated
equipment. Each exercise session consisted of warm-up
exercises (e.g. S min cycling on a static bicycle,
stretching/range of movement), 24 isometric MVCs
(performed in four sets of six contractions, each set
separated by 1 min of rest to minimize fatigue) at 90°
knee flexion to increase quadriceps strength, three
individually prescribed functional exercises (e.g. sit-
to-stand, step-ups, etc.) and three balance exercises
(e.g. wobble-board). The functional and balance exer-
cises were each performed for 1-5 min and the number
of repetitions was recorded. The patient was encouraged
to work as hard as they could, improvements in MVC
and exercise performance were fed back to the patient,
and the exercises were made more challenging by

increasing the number of repetitions, increasing the
Theraband resistance, stepping on/off higher blocks etc.
and improving the quality of performance of an exercise
to improve muscle control. If a patient reported pain
during a training session, the exercise intensity was
reduced. Each exercise session lasted approximately
30-45 min. To standardize the delivery of the re-
habilitation regime and ensure patient adherence, the
patients were treated individually and all the exer-
cise sessions for all the patients were supervised by the
same physiotherapist in an out-patient department.

Ethics approval

Approval was obtained from King’s Healthcare, Guys
and St Thomas’s NHS Trust Local Ethics Committees.
Each patient received verbal and written information
about the study and then gave their informed consent.

Data analysis

The distributions of all variables were assessed using a
rootogram; continuous variables that were normally
distributed (i.e. anthropometric data, muscle strength
and AFPT) were analysed using parametric statistical
tests (e.g. Student’s z-test, paired or unpaired) [33, 34];
ordinal variables (i.e. HAQ, clinical disease activity)
or continuous variables with a skewed distribution
(e.g. voluntary activation) were analysed using non-
parametric tests (e.g. Wilcoxon’s signed rank test). The
strength of association between muscle function, func-
tional ability, clinical disease activity and biochemical
markers was assessed using Pearson’s correlation for
continuous and normally distributed variables and
Spearman’s rank correlation for ordinal or skewed
variables.

In the randomized controlled trial of exercise ther-
apy, the primary outcome variable was chosen a priori
to be change in quadriceps strength.

To establish between-group changes, data from
patients initially randomized to the control group
(n =46) and the rehabilitation group (n = 47) were
compared. Within-group change for the rehabilitated
patients (the pooled data of the immediate and delayed
rehabilitation patients; n = 88) was established by
comparing the pre- and post-rehabilitation data. To
assess sustained benefits, prerehabilitation data were
compared with data collected 6 months after the end
of rehabilitation.

Data were analysed using an intention-to-treat ana-
lysis, i.e. patient data were analysed in the groups they
were allocated to, whether or not they completed the
intervention. No data were excluded because the patient
did not complete the study.

Data are presented as between- or within-group mean
differences with the 95% confidence interval (CI) unless
stated. The level of statistical significance was set at
P < 0.05. To aid the interpretation of clinical relevance,
effect sizes (ES) were calculated to determine a standard
measure of change within groups. The ES was calculated
by taking the difference between the mean of the
variable before (M1) and after (M2) intervention and
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dividing by the preintervention standard deviation (S1):
ES = M1-M2)/S1 [35].

Statistical analysis was performed using Minitab
version 12 (State College, PA, USA).

Results

Quadriceps motor function and disability of patients
with RA and healthy subjects

The quadriceps of the patients with RA was weaker than
that of the 25 healthy subjects (mean difference 157 N,
95% CI 125-189; P < 0.0001; Table 1) and could not be
fully activated during an MVC (mean difference 8%,
95% CI 4.5-15; P < 0.0001; Table 1). Voluntary activa-
tion was directly related to quadriceps strength
(rs = 0.55; P < 0.001). In addition, the objective func-
tional performance (AFPT) of the patients was slower
than that of the healthy subjects (mean difference 34 s,
95% CI 23.5-44.8; P < 0.0001; Table 1) and was
inversely related to their quadriceps strength
(rs = —0.6; P <0.0001).

Knee JPS was less accurate in patients with RA than
in the healthy subjects (P < 0.005; Table 1).

The HAQ score of 1.58 indicated the patients were
moderately disabled (Table 1); it was inversely related
to quadriceps strength (ry = —0.52; P < 0.001) and
directly related to the AFPT (r; =0.65; P < 0.001).
The healthy subjects had a median Lequesne index of 1
(interquartile range 0—4; Table 1), indicating that they
had very little, if any, lower limb pain or disability [31].

Randomized controlled trial of rehabilitation for patients
with RA

Between-group changes. Prior to rehabilitation, there
were no differences between the control group and the

TasLe 1. Differences in anthropometric data, quadriceps sensorimotor
function and objective functional performance of the healthy subjects
and patients with RA [mean (95% CI) unless stated otherwise]

Healthy subjects RA patients

(n =25) (n = 103)
Anthropometric data
Age (yr) 65.5 (50-82) 59.5 (30-82)
Height (m) 1.64 (1.52-1.82) 1.62 (1.25-1.83)
Body mass (kg) 74 (50-122) 71 (31-183)

Quadriceps motor function

MVC (N) 352 (326-378) 195 (174-214)**

Activation® (%): median 93 (90-97) 85 (64-94)**
Quadriceps sensory function
Knee joint position sense (°) 2.3 (1.9-2.7) 3.1 (2.8-3.4)**

Objective functional

performance

AFPT (s) 35.6 (32.7-38.6)  69.7 (59.3-80.0)**
Subjective disability

HAQ score® - 1.58 (1-2)

Lequesne index® 1(0-4) -
Knee X-ray score

Index leg? - 2.00

Non-index leg® - 1.67

*P < 0.05; **P < 0.001; significant difference between healthy
subjects and RA patients.
“Median (interquartile range).

rehabilitation group for any of the baseline variables
(Table 2). Following rehabilitation, the quadriceps
muscles of the rehabilitated patients were stronger
(mean 67 N, 95% CI 19-116; P < 0.01) and better
activated (5%, 95% CI 0-10; P < 0.05) than those
of the control group. There were no significant
between-group differences for the other variables
(Table 2).

Within-group changes. There were no differences in
the response to rehabilitation of patients who under-
took the rehabilitation regime immediately and those
whose rehabilitation was delayed (results not shown);
these data were pooled for analysis. Following the
rehabilitation regime, the quadriceps strength of the
patient’s index leg increased by a mean of 61 N (95%
CI 28-95; ES 0.66; P < 0.0005; Table 3) and their
voluntary activation increased by 8% (95% CI 3-12.4;
P < 0.0005; Table 3). The acuity of knee JPS was
unchanged, and although the patients’ function and
disability improved [the AFPT decreased by 12.3s
(95% CI —2 to 27.7s; ES 0.23) and their HAQ
score decreased by 0.21 points (CI —0.13 to 0.5)],
these improvements did not attain statistical signific-
ance (Table 3). Although all the measures of clinical
disease activity tended to decrease after rehabilitation,
only the reduction in morning stiffness reached statis-
tical significance (P < 0.01; Table 3). There was no
increase in plasma concentrations of the proinflam-
matory cytokines (TNF-o, IL-15 and IL-6) following
a single exercise session (Fig. 2a) or after completion
of the rehabilitation regime (Fig. 2b and Table 3).

Twenty-seven patients (approximately 33%) who
undertook the rehabilitation regime (immediately or
delayed) withdrew before the end of the intervention
(Fig. 1). Analysis of the baseline variables showed no dif-
ferences between patients who completed rehabilitation
(n = 61) and those who withdrew (n = 27).

Six-month follow-up

To assess whether there was a lasting benefit from
rehabilitation, 52 of 61 (approximately 85%) patients
attended for the 6-month follow-up; three of these
patients had to be excluded because of changes in
second-line agents during this period (Fig. 1), but
analysis of the data carried out with and without
these patients yielded similar results (not shown). In the
patients reassessed at the 6-month follow-up, the
improvements attained during rehabilitation had been
maintained. There were further improvements in the
AFPT (mean decrease from baseline 18.6's; 95% CI
3.5-33.6; P < 0.02), HAQ score (0.44, 95% CI 0.0-0.63;
P < 0.05), knee JPS (0.4°, CI 0.1-1.2; P < 0.05) and
some measures of clinical disease activity (Table 3).

Discussion

Compared with healthy subjects, patients with stable
RA that involved their lower limb and moderate levels
of pain had substantial quadriceps weakness, reduced
voluntary activation and proprioceptive deficits, which
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TasLe 2. Physiological and biochemical variables and disability of patients randomized to the control (n = 46) and rehabilitation groups (n = 47),
and between-group differences before and after the control period or rehabilitation [mean (95% CI) unless stated otherwise]

Baseline

After control or rehabilitation treatment

Control

Rehabilitation

Control

Rehabilitation

Quadriceps motor function (index leg)

Strength (N) 190 (156-224)

Activation® (%) 85 (62-94)
Quadriceps sensory function (index leg)

JPS (%) 3.1 (2.6-3.5)
Objective functional performance

AFPT (s) 67.2 (51.1-83.4)
Subjective disability

HAQ score® 1.62 (1.21-2.15)

Clinical disease activity

Morning stiffness® (min) 20 (5-60)

Pain® (mm) 31 (21-51)
Patient assessment® (mm) 36 (21-60)
Assessor assessment” (mm) 24 (14-36)

Swollen joint count® 3 (1-6)

Tender joint count® 7 (3-11)
Plasma concentration of cytokines
IL-1p (pg/ml) 8.7 (5.3-12.0)

33.3 (20.2-46.4)
22.4 (16.2-28.6)

Interleukin-6 (pg/ml)
TNF-o (pg/ml)

179 (155-205)
76 (64-92)

3.3 (2.8-3.9)
78.1 (60.9-95.3)
1.50 (1.00-2.25)

20 (5-60)
33 (17-50)
41 (16-65)
22 (10-37)
4(0-7)
8 (4-11)

15.2 (5.6-24.6)
35.6 (7.4-63.8)
21.7 (18.1-25.3)

189 (156-220)
85 (67-92)

2.9 (2.5-3.4)
66.2 (50.8-81.5)
1.62 (1.00-2.25)

30 (5-60)
32 (21-55)
39 (21-60)
29 (15-37)
2(1-6)
7 (4-10)

11 (6.8-15.1)
42.7 (22.3-63.0)
26.0 (16.4-35.6)

256 (220-293)**
90 (83-95)*

3.3 (2.6-4.0)
58.5 (48.0-69.0)
1.12 (0.50-2.25)

5 (1-60)
29 (14-54)
34 (22-55)
23 (8-37)

3 (—4-8)

7(1-8)

10.2 (5.5-15.0)
13.8 (7-20.6)
21.8 (17.5-26.0)

*P < 0.05; **P < 0.01; significantly different from control group.
“Median (interquartile range).

TasLE 3. Within-group changes in physiological and biochemical variables and disability of all the patients (n = 88) who undertook rehabilitation,
i.e. the pooled data of the 47 patients who were randomized to receive rehabilitation immediately and the 41 patients who undertook rehabilitation

after the control period [mean (95% CI) unless stated otherwise]

Rehabilitation period: index leg

Baseline
(n = 88)

Post-rehabilitation
(n=61)

6-month follow-up
(n=252)

Quadriceps motor function
Strength (N)
Voluntary activation (%)
Quadriceps sensory function
Knee joint position sense (°)
Objective functional performance
AFPT (s)
Subjective disability
HAQ?*
Variables of clinical disease activity
Morning stiffness® (min)
Pain® (mm)
Patient assessment® (mm)
Assessor assessment” (mm)
Swollen joint count®
Tender joint count®
Plasma concentration of cytokines
IL-1p (pg/ml)
IL-6 (pg/ml)
TNF-a (pg/ml)

184 (164-204)
83 (66-92)

3.1 (2.8-3.5)
72.7 (61.2-81.2)
1.56 (1-2.25)

25 (5-60)
33 (19-53)
39 (17-60)
27 (12-37)
2(1-6)
7 (4-10)

8.71 (6.01-11.42)
41.42 (24.64-58.2)
23.84 (18.82-28.87)

245 (218-273)%*
91 (84-96)**

3.0 (2.5-3.5)
60.4 (50.9-69.9)
1.35 (0.75-2.0)

5 (4-45)*
27 (10-52)
32 (13-53)
21 (7-35)
2(0-7)
6 (2-10)

6.04 (4.61-7.46)
35.75 (17.9-53.56)
24.58 (16.9-32.27)

239 (213-266)**
91 (87-96)**

2.5 (2.1-2.8)*
54.1 (44.2-64.0)*
1.125 (0.69-1.88)*

10 (0.5-30)*
24 (10-45) (P = 0.06)
33 (14.5-54)
12 (5-30)*

1 (0-5)

4 (1-6.5)

8.94 (4.15-13.73)
52.5 (5.6-110.6)
19.36 (15.44-23.29)

**P < 0.0005, *P < 0.05; significantly improved after rehabilitation.

“Median (interquartile range).

were associated with impaired performance of common
ADL and disability. For this population of patients, a
brief rehabilitation regime that consisted of strengthen-
ing and functional exercises improved motor deficits and
lower limb functional performance without exacerbating

disease activity or increasing the concentrations of

proinflammatory cytokines.

In RA, quadriceps weakness is usually considered to
be due to muscle atrophy resulting from disuse, because
pain and disability curtail the patient’s activities.
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However, as in other rheumatic conditions, patients
with RA could not fully activate their quadriceps during
an MVC, which contributed to quadriceps weakness
[13]. The stimulus for incomplete voluntary activation is
unknown, but it has been proposed that abnormal
afferent information from articular mechanoreceptors,
occurring as a result of joint damage, effusion, pain
and/or psychological factors, decreases quadriceps
o-motor neurone excitability via neurophysiolo-
gical pathways in the spinal cord and supraspinal
centres [36, 37], and that this impairs voluntary
activation, which is manifested as quadriceps weakness
[10, 11, 18, 38, 39].

The lower limb rehabilitation regime increased quad-
riceps strength (the a priori primary outcome variable)
by amounts comparable with those seen in other
studies [1, 4, 40-43]. Part of this increase was due to
improved voluntary activation because of decreased
pain, better activation of the neurophysiological path-
ways of motor control, improved coordination and
motivation. The important difference between this

rehabilitation regime and previous efficacious research
regimes is that the current regime was much shorter
and involved simple exercises and unsophisticated,
inexpensive equipment. The current regime is therefore
as effective, but its brevity and simplicity make it clin-
ically more applicable than previous research regimes. It
may not substantially benefit RA patients who do not
have lower limb involvement.

Quadriceps weakness is clinically important because
it is associated with impaired functional performance
and disability [7]. As in OA [18, 44], in patients with RA
with lower limb involvement we found that quadriceps
weakness is associated with objective and subjective
disability, and interventions that increase quadriceps
strength would therefore be expected to decrease
disability. By combining strength and functional exer-
cises and adapting these to address each patient’s
individual deficits, as in routine clinical practice, the
rehabilitation regime improved the patient’s per-
formance of common ADL and subjective disability.
Although the improvements in function and disability
were too small to attain statistical significance immedi-
ately after rehabilitation, these improvements may be
clinically important as they are more relevant to the
patient’s needs than change in physiological variables,
such as strength. Moreover, the change in the HAQ
score was greater than the change considered to be
clinically significant (0.17 HAQ points) [45], shifted the
patients’ categorization from moderately to mildly
disabled [46] and compares favourably with changes in
disability effected during drug trials. It is likely that the
sample size (calculated to detect changes in quadriceps
strength) was too small to detect statistically significant
changes in the secondary outcome measures of disability
(HAQ and AFPT).

However, another problem may be that there is no
disease-specific measure of lower limb disability for RA
patients and our rehabilitation regime was specifically
designed to improve lower limb function, not overall
disability. Although the HAQ is widely used to assess
disability in RA, it measures global disability with a bias
towards upper limb disability and is insensitive to
change in lower limb disability. Therefore, by using
the HAQ we are unlikely to detect small but possibly
clinically meaningful changes in lower limb disability.
This makes the HAQ inappropriate for the evaluation of
rehabilitation regimes that concentrate on improving
lower limb function [47] and highlights the need for
disease-specific assessment of lower limb disability.
Further studies with sample sizes sufficient to detect
clinically meaningful changes in objective and subjective
lower limb disability can assess whether regimes such as
the one described improve lower limb function.

An interesting aspect of the findings was the
continued improvement in proprioceptive acuity, func-
tional performance and disability during the follow-up
period (Table 2). This has also been noted by other
research groups [48, 49], but its significance and causes
are unknown. The patients may have participated in
a new, beneficial activity during this period, but none
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of the patients reported doing so when asked. Alter-
natively, patients with chronic disabling disease who
undergo rehabilitation may require time to appreciate
subtle improvements they have achieved, with a
consequent time lag in subjective improvement in
patient-reported disability [48, 49].

The improvements in proprioceptive acuity, although
small, were comparable to the changes reported in an
earlier study [20], in which we suggested that even small
improvements in proprioceptive acuity may reduce
harmful impact forces during gait, resulting in better
timing of placement of the foot. It is interesting to
speculate that the delayed improvements in proprio-
ceptive acuity and patient-reported functional ability
may not be coincidental. It may be that greater aware-
ness and better control of limb position enable the
patient to function better; conversely, it could be sug-
gested that restoration of function may lead to
better proprioception. Although these findings are of
interest and contribute to a field of increasing research
interest, these hypotheses are very speculative and
require verification in well-designed studies.

Before they are implemented, management regimes
must be shown to be safe as well as effective. Therefore,
exercise must not exacerbate disease activity, cause
persistent synovitis or joint damage, as has been sug-
gested [21-23]. Our results support the findings from
many studies that exercise does not exacerbate any
of the measures used to assess clinical disease activity
[1, 3, 42, 50-53], and only six patients (7%) withdrew
from our study because of an exacerbation of joint
inflammation and pain (usually involving upper limb
joints). More importantly, this is the first and largest
trial of rehabilitation that has simultancously measured
plasma concentrations of proinflammatory cytokines
to evaluate whether rehabilitation exacerbates RA.
We found no increase in the plasma concentrations of
TNF-o, IL-1§ and IL-6 before or after an exercise
session or the whole rehabilitation regime, which refutes
the argument that patients with RA should refrain from
exercise: patients with well-controlled RA can exercise
without exacerbating disease activity.

When interpreting the results of this rehabilitation
study, some aspects of its design require consideration.
Most importantly, although the biochemical assays
were performed by an independent researcher blind
to the intervention, the rehabilitation study was ‘open’,
i.e. the same researcher performed the assessments
and supervised the exercise sessions and the patients
were aware that they were undertaking rehabilitation.
This will probably exaggerate the size of the treat-
ment response, though it is unlikely to negate the
improvements.

The rehabilitation trial used a partial cross-over
design to maximize recruitment and give all the parti-
cipants the opportunity to undertake the rehabilitation
regime. This helped ease the increasing ethical problem
of withholding exercise from patients with arthritis.
Although unusual, this research design is appropriate
for use in chronic conditions and has been used recently

in rheumatological conditions [20, 54, 55]. We do not
believe this study design influenced the results adversely,
because (i) we found no evidence that delaying rehabil-
itation affected the patients’ response to training,
(ii) improvements in subjective and objective disability
make it unlikely that an attention placebo affected the
results, (iii) there was no difference in the number of
patients who withdrew from either arm of the study, and
(iv) although cross-over trials can have treatment carry-
over effects necessitating a ‘wash-out period’, treatment
cross-over effects were averted because the control
period involved no change in the patients’ management.

Finally, while strenuous attempts were made to con-
tact and re-call all patients who underwent rehabilita-
tion, follow-up was incomplete (85%). The patients who
were followed up were not selected in any way and we
have no reason to believe they are unrepresentative of
those lost to follow-up. This makes it unlikely that the
limited follow-up may account for the delayed improve-
ments in AFPT, HAQ and/or proprioceptive acuity, but
this cannot be refuted completely.

This study is one of the largest investigations of
changes in quadriceps sensorimotor function in patients
with RA. We demonstrated that patients with RA had
quadriceps sensorimotor dysfunction which was asso-
ciated with impaired performance of common lower
limb activities of daily living and with disability. In
addition, following a relatively short, clinically applic-
able rehabilitation regime, lower limb motor function
improved and, most importantly, functional perform-
ance improved and patient-reported disability decreased.
Neither clinical disease activity nor the concentrations
of plasma proinflammatory cytokines (TNF-o, IL-1p,
IL-6) increased after exercise. This safe, efficacious and
clinically practicable regime could be used to improve
the management of RA patients with lower limb
involvement.
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