Muscle Quality, Architecture, and Activation in
Cachectic Patients with Rheumatoid Arthritis
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ABSTRACT. Objective. To explore muscle-specific force (force per physiological cross-sectional area, or PCSA)
and muscle activation in cachectic patients with rheumatoid arthritis (RA).
Methods. In 14 muscle-wasted patients with RA and age and sex matched healthy controls, vastus
lateralis (VL) force and voluntary activation capacity were assessed during maximal isometric contractions with electromyography and superimposed electrical stimulations. VL PCSA was determined from ultrasound measures of fiber fascicle length (Lf), pennation angle, and volume, together with assessments of body composition by dual energy x-ray absorptiometry and objective physical function.
Results. Although patients with RA had reduced physical function, lower muscle mass, and VL volume relative to controls, there were no differences in muscle-specific force and activation. PCSA,
force, and pennation angle tended to be lower in RA, with no differences in Lf.
Conclusion. Muscle-specific force and activation are not compromised and thus are unlikely to contribute to reduced function in cachectic patients with RA. (First Release Dec 15 2009; J Rheumatol
2010;282–4; doi:10.3899/jrheum.090584)
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MUSCLE-SPECIFIC FORCE

Impaired physical function is characteristic of patients with
rheumatoid arthritis (RA) and is strongly correlated with
muscle mass, the main predictor of muscle strength1.
Muscle wasting, termed rheumatoid cachexia, is more
prevalent and severe in patients with RA than in the general
population, perhaps because of increased muscle protein
catabolism induced by inflammatory cytokines2.
Compared to published research on muscle quantity, little
is known about qualitative changes of rheumatoid muscle.
Muscle-specific force, a measure of the force produced per
cross-sectional area of a muscle, is reduced in sarcopenia of
old age and disuse atrophy, due in part to impaired muscle
activation capacity and changes in muscle architecture3.
We aimed to determine whether muscle-specific force,
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ture are compromised in cachectic patients with RA compared to healthy age and sex matched controls.

MATERIALS AND METHODS

Fourteen cachectic patients with RA (disease duration ≥ 3 yrs) were recruited from Gwynedd Hospital Rheumatology clinics. Patients with
pain/swelling in the right knee, disease flare, change in medication in the
previous 3 months, other catabolic diseases, or joint replacement were
excluded. Significant muscle wasting (“cachexia”) was determined following assessment of appendicular lean mass (ALM) by whole-body
dual-energy x-ray absorptiometry using the definition by Baumgartner, et
al4. Age and sex matched healthy controls were recruited from the local
community.
Maximal voluntary isometric knee extension and flexion torques of the
right leg (knee joint angle 70˚, hip angle 90˚, arms crossed) were determined on an isokinetic dynamometer (CSMi Medical Solutions, Stoughton,
MA, USA). Vastus lateralis (VL) force was calculated taking into account
maximal voluntary torque, patellar tendon moment arm length as detailed
by Onambele-Pearson, et al5, and antagonist co-contraction estimated from
electromyographic activity6. Superimposed and postcontraction supramaximal percutaneous double twitches from a DSV Digitimer Stimulator
(Digitimer Ltd., Welwyn Garden City, UK) were applied over the quadriceps to determine voluntary activation capacity6.
Ultrasonography was used to assess VL volume (VOL; from VL length
and VL anatomical cross-sectional area) and muscle architecture, i.e., pennation angle and fiber fascicle length (Lf; Figure 1), which in turn determined physiological cross-sectional area (PCSA = VOL/Lf)6. The primary
measure, muscle-specific force, was calculated as VL force/PCSA6.
Further measures were disease activity using the modified RA Disease
Activity Index7 and erythrocyte sedimentation rate, objective physical
function8,9, the Modified Health Assessment Questionnaire10, and the
Medical Outcomes Study Short Form-36. A questionnaire used previously
in RA and aging populations11 assessed habitual physical activity and was
used to exclude very active participants (> 6 on a scale from 2 to 8).
Depending on normality of the data, the Student’s paired t test or
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Figure 1. Sagittal-plane sonographs of the vastus lateralis (VL) muscle of a patient with
rheumatoid arthritis (A) and a healthy control (B). Note the greater pennation angle in the
muscle of the healthy control. 1: superficial aponeurosis, 2: deep aponeurosis, 3: fiber fascicles; the pennation angle α is the angle of insertion of the fiber fascicle into the deep aponeurosis of the VL. Fiber fascicle length (Lf) was calculated from the pennation angle and the
muscle thickness (d) by the equation Lf = d/(sin)(pennation angle).

Wilcoxon test was used to detect differences between patient and control
groups (p < 0.05).

RESULTS
All patients were taking disease-modifying antirheumatic
medication and had low disease activity (Table 1). The
groups were well matched for age and habitual physical
activity (Table 2). Relative to controls, patients had reduced
objective and self-assessed physical function, less ALM and
smaller VL volume, and trends toward lower PCSA, lower
force, and a smaller pennation angle (Table 2). However,
there were no differences in either muscle-specific force or
voluntary muscle activation capacity (Table 2).

DISCUSSION
We observed that muscle-specific force and muscle activation capacity are preserved in patients with RA with significantly impaired physical function and reduced muscle mass.
This finding leads to 2 important conclusions. First, it
confirms that muscle loss in RA is a process that differs
from that seen in aging and disuse, where muscle-specific
force and activation capacity are reduced2. Second, it suggests that the ability of rheumatoid muscle to adapt to physical training is not different from healthy muscle. This
emphasizes the potential of high intensity exercise to
increase muscle quantity and function in RA, as demonstrated in training studies12-14.
Table 1. Clinical characteristics of patients with RA (n = 14: 11 women).
Disease duration, yrs
RADAI-5 score (0–10)
ESR, mm/h
Antirheumatoid medication (no. of patients).
Methotrexate
Sulfasalazine
Etanercept + methotrexate
Prednisolone (dose range 1–7.5 mg/day)
NSAID

12.7 ± 2.7
2.94 ± 0.33, range 0.8–6
22.9 ± 3.0, range 6–41
11
1
2
4
5

Results presented as mean ± SEM. RADAI: RA Disease Activity Index;
ESR: erythrocyte sedimentation rate; NSAID: nonsteroidal antiinflammatory drug.

Muscle wasting was a selection criterion in our study.
This is a phenomenon seen more frequently in patients with
RA2 than in the healthy population, and is thought to reflect
systemic effects of inflammatory cytokines on muscle tissue. The relative reduction of muscle mass of 13% was in
accord with other studies2.
In determining muscle-specific force, we used definitions
of force and size that are standard in muscle physiology
research, which take into account architectural features (Lf
and pennation angle), influencing the mechanical output of
the muscle, and factors affecting force production (co-contraction of antagonist muscles)6. Since the trend toward
lower force levels in our patients with RA corresponded
with loss of PCSA, the force normalized for PCSA was not
compromised. Although the pennation angle tended to be
smaller in the patient group, this architectural change was
not sufficient to influence the force output.
Similarly, muscle activation capacity was not different
between our groups, contrasting with Bearne, et al15, who
found 8% lower muscle activation in patients with RA with
confirmed involvement of the knee joint compared to
healthy controls. However, those results may have been
compromised by confounding factors such as fatigue, pain,
and joint effusions on muscle force and activation, while we
excluded patients with active disease in general and with
local knee inflammation. Although our data cannot be
extrapolated to patients with persistently active disease,
which may affect muscle properties, our stable patients with
RA were a relevant population to study, because in rheumatological practice most patients only start exercising once
disease control has been achieved with medication.
Limitations of the study. First, the wide age range of the participants and the inclusion of both sexes contributed to the
variability of force levels. Second, the work-intensive nature
of muscle-specific force assessments necessarily limited the
subject numbers.
This is the first study to report on muscle-specific force
of the rheumatoid muscle. Further research is required to
determine other factors influencing muscle function and the
causes of muscle loss.
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Table 2. Demographics, body composition, physical function, and muscle-specific force data of sarcopenic patients with RA (n = 14; 11 women) compared
to sex matched healthy controls.

Characteristics

RA Patients

Healthy Controls

p

% Difference: Patients
to Controls

Age, yrs
61.6 ± 3.3, range 22–72
Physical activity (2–8)
4.71 ± 0.19
BMI, kg/m2
25.8 ± 0.8
Appendicular muscle mass, kg
14.1 ± 0.8
Total body fat, %
42.2
Sit-to-stand, n
12.6 ± 1.0
8-foot up and go, s
6.4 ± 0.4
50-foot walk, s
9.6 ± 0.7
Single leg balance, s
42.4 + 5.5
mHAQ (0–3)
0.63 ± 0.08
SF-36 physical component summary score (22–59)
39.3 ± 2.1
SF-36 mental component summary score (11–62)
40.2 ± 1.54
VL force, N
691.6 ± 58.4
VL volume, cm3
391.2 ± 21.4
VL PCSA, cm2
31.3 ± 2.3
VL pennation angle (°)
8.5 ± 0.4
Voluntary activation capacity, %
80.2 ± 3.6
Muscle-specific force, N/cm2
23.0 ± 2.1

62.2 ± 3.5, range 22–76
4.64 ± 0.34
27.2 ± 1.5
16.2 ± 0.7
38.8
14.4 ± 0.7
5.5 ± 0.2
7.6 ± 0.4
58.6 ± 6.3
0.18 ± 0.04
50.7 ± 1.2
44.6 ± 0.9
785.5 ± 44.5
445.0 ± 13.3
37.5 ± 2.0
9.7 ± 0.4
82.1 ± 3.8
21.9 ± 1.9

0.31
0.86
0.45
0.003
0.30
0.15
0.03
0.01
0.07
0.001
< 0.001
0.10
0.10
0.01
0.07
0.07
0.81
0.70

Even in patients with significant muscle loss,
muscle-specific force and the ability to recruit muscle fibers
are not compromised. Therefore, these factors are unlikely
to contribute to the disability seen in patients with RA.

8. Mian OS, Thom JM, Ardigò LP, Morse CI, Narici MV, Minetti AE.
Effect of a 12-month physical conditioning programme on the
metabolic cost of walking in healthy older adults. Eur J Appl
Physiol 2007;100:499-505.
9. Rikli RE, Jones J, editors. Senior fitness test manual. London:
Human Kinetics; 2001.
10. Pincus T, Swearingen C, Wolfe F. Toward a multidimensional
Health Assessment Questionnaire (MDHAQ): assessment of
advanced activities of daily living and psychological status in the
patient-friendly Health Assessment Questionnaire format. Arthritis
Rheum 1999;42:2220-30.
11. Saltin B, Grimby G. Physiological analysis of middle-aged and old
former athletes. Comparison with still active athletes of the same
ages. Circulation 1968;38:1104-15.
12. Häkkinen A, Pakarinen A, Hannonen P, Kautiainen H, Nyman K,
Kraemer WJ, et al. Effects of prolonged combined strength and
endurance training on physical fitness, body composition and serum
hormones in women with rheumatoid arthritis and in healthy
controls. Clin Exp Rheumatol 2005;23:505-12.
13. Lemmey AB, Marcora SM, Chester K, Wilson S, Casanova F,
Maddison PJ. Effects of resistance training in rheumatoid arthritis
patients — a randomised controlled trial. Arthritis Rheum
2009;61:1726-34.
14. Marcora SM, Lemmey AB, Maddison PJ. Can progressive
resistance training reverse cachexia in patients with rheumatoid
arthritis? Results of a pilot study. J Rheumatol 2005;32:1031-9.
15. Bearne LM, Scott DL, Hurley MV. Exercise can reverse quadriceps
sensorimotor dysfunction that is associated with rheumatoid
arthritis without exacerbating disease activity. Rheumatology
2002;41:157-66.

1.0
–1.5
5.2
12.7
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16.6
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–5.0

Results presented as mean ± standard error. BMI: body mass index; mHAQ: modified Health Assessment Questionnaire; VL: vastus lateralis; PCSA: physiological cross-sectional area.
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