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Objectives: To determine whether systemic inflam-
mation is associated with poor proprioception; to 
confirm that systemic inflammation is associated 
with muscle weakness; and to determine whether 
poor proprioception mediates the association bet-
ween systemic inflammation and muscle weakness 
in knee osteoarthritis. 
Design: Cross-sectional study. 
Subjects: A total of 689 participants with knee os-
teoarthritis from the Amsterdam Osteoarthritis 
(AMS-OA) cohort. 
Methods: Systemic inflammation was assessed by 
erythrocyte sedimentation rate, knee proprioception 
by determining the joint motion detection threshold, 
and muscle strength with an isokinetic dynamome-
ter. Linear regression models were used to estimate 
direct associations between systemic inflammation, 
proprioception and muscle strength, and the indirect 
association (mediation) between systemic inflam-
mation and muscle strength via proprioception ad-
justed for potential confounders. 
Results: Higher erythrocyte sedimentation rates 
were associated with poor proprioception (p = 0.022). 
Poor proprioception (p < 0.001) and higher eryth-
rocyte sedimentation rates (p < 0.001) were asso-
ciated with muscle weakness. Poor proprio ception 
mediated the association between systemic inflam-
mation and muscle weakness (p = 0.035). 
Conclusion: Results suggest that systemic inflamma-
tion is associated with poor proprioception in knee 
osteoarthritis. Poor proprioception may be a path-
way through which systemic inflammation is asso-
ciated with muscle weakness in patients with knee 
osteoarthritis.
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Muscle weakness is a prominent feature of knee 
osteoarthritis (OA) (1). Traditional factors con-

tributing to muscle weakness in patients with knee OA 

are avoidance of activities (2), and pain (3). Presumed 
underlying factors of muscle weakness are poor pro-
prioception (4) and more recently, systemic low-grade 
inflammation (5). 

It has been suggested that the effect of systemic low-
grade inflammation on muscle strength in knee OA is 
due to the catabolic effect of systemic low-grade inflam-
mation, which results in reduced regenerative potential 
of muscle tissue (6). The association between systemic 
inflammation and muscle weakness in knee OA (5) has 
not been confirmed in a large sample. Not only muscle 
strength itself, but also the peripheral nervous system, 
might be affected by systemic low-grade inflammation 
(7). It can be hypothesized that the catabolic effect of 
systemic inflammation, which affects muscle tissue (5), 
also affects joint mechanoreceptors (7) and therefore 
proprioception. However, no studies have been con-
ducted into knee OA to test this hypothesis. Provided 
this association exists, and knowing that systemic in-
flammation and poor proprioception were previously 
reported to be associated with muscle weakness (4), it 
can be hypothesized that poor proprioception mediates 
the association between systemic inflammation and 
muscle weakness. Mediation assumes that a precursor 
variable (i.e. systemic inflammation) has an association 
with a mediating variable (poor proprioception), which 
in turn affects the outcome variable (muscle weakness) 
(Fig. 1). To our knowledge, no studies have investigated 
whether poor proprioception may be a pathway through 
which systemic inflammation is associated with muscle 
weakness in knee OA.

The aims of the current study were therefore: (i) to 
determine whether systemic inflammation is associated 
with poor proprioception; (ii) to confirm that systemic 
inflammation is associated with muscle weakness; and 
(iii) to determine whether poor proprioception medi-

Fig. 1. Mediation model. Proprioception as a mediator of the association 
between systemic inflammation and muscle strength.

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2272&domain=pdf
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68 T. Cudejko et al.

ates the association between systemic inflammation 
and muscle weakness in patients with knee OA. 

METHODS

Cohort characteristics

Data from 689 participants of the Amsterdam Osteoarthritis 
(AMS-OA) cohort with unilateral or bilateral diagnosis of 
knee OA according to the American Rheumatism Association 
(ACR) were included in this study (8). In analysis, patients 
with missing data for 1 variable were excluded from further 
analysis. However, included and excluded patients, did not differ 
on demographic characteristics. The AMS-OA cohort consists 
of patients with established knee and/or hip OA according to 
the ACR criteria (8), who have been referred to an outpatient 
rehabilitation centre (Reade, Centre for Rehabilitation and 
Rheumatology, Amsterdam, the Netherlands). Participants were 
assessed by rheumatologists, radiologists and rehabilitation 
physicians. Exclusion criteria were: total knee replacement, 
rheumatoid arthritis (RA) or any other form of inflammatory 
arthritis (i.e. crystal arthropathy, septic arthritis (SpA)). All 
the participants provided written inform consent according to 
principles of the Declaration of Helsinki. The AMS-OA cohort 
was approved by the Slotervaart Hospital/Reade Institutional 
Review Board (number U/2782/0851).

Systemic inflammation

Systemic inflammation was assessed by erythrocyte sedimen-
tation rate (ESR). ESR values were measured in serum from 
patients’ blood samples and were determined by the standard 
Westergren method (9). In this method, ethylendiaminetetraace-
tic acid (EDTA) anticoagulated blood samples were pre-diluted 
with saline solution and aspirated into the Westergren pipette 
graduated from 0 to 200 mm. The rate at which red blood cells 
sedimented in 1 h was measured (mm/h). Blood samples were 
collected from each participant following a standardized pro-
tocol and according to clinical practice at Reade. 

Proprioception

Proprioception was assessed using a knee joint motion detec-
tion task, expressed as the joint motion detection threshold. 
The device to assess proprioception consisted of a chair with a 
computer-controlled motor and transmission system and 2 at-
tached free-moving arms. Each arm supported the participant’s 
lower leg and moved in the sagittal plane. Subjects were seated 
with their knees flexed at 90°. An arm attached to the device 
moved the knee towards extension at a speed of 0.3°/s. Sub-
jects were asked to press a button the moment they perceived 
a change in the position of the knee joint. The difference in 
knee angle between the starting position and the position at the 
moment the subject pressed the button was used as an indicator 
for proprioception. This measurement of proprioception has 
showed adequate reproducibility and validity (4). The mean 
joint proprioception in degrees obtained from the left and right 
knee was used for the analysis. 

Muscle strength

Muscle strength was assessed for flexion and extension of the 
knee using an isokinetic dynamometer (EnKnee; Enraf – Nonius, 

Rotterdam, the Netherlands). The measurements were perfor-
med in a sitting position at an angular velocity of 60°. Subjects 
performed one test measurement. After a 30 s rest participants 
performed 3 maximal quadriceps strength measurements during 
knee extension and 3 maximal hamstring strength measurements 
during knee flexion. This assessment has shown adequate repro-
ducibility and validity (4). The mean strength for the quadriceps 
and hamstring muscles (in Nm per kg body weight; Nm/kg) of 
the left and right knee was used for the analysis.

Other measures 

Demographic data, including age, sex and body mass index 
(BMI) were recorded. BMI was calculated as body mass 
in kg divided by height in m2. Kellgren & Lawrence score 
(KL-score) from the more severe knee was used to assess the 
radiographic severity of the disease (10). Pain from the left and 
right knee was assessed with a numerical rating scale (NRS). 
Information related to comorbidities was collected with the 
Cumulative Illness Rating Scale (CIRS) (11) and the number 
of diseases on which the patient scored a severity of 2 or higher 
was calculated.

Statistical analysis 

Descriptive statistics were used to characterize the study 
population. Numbers (percentage) were used for categorical 
variables, means (standard deviation; SD) for continuous vari-
ables. Continuous variables that were not normally distributed 
were characterized by medians (interquartile range; IQR). The 
Kolmogorov–Smirnov and Shapiro–Wilk tests were used to 
evaluate normality of distribution of systemic inflammation, 
proprioception and muscle strength. Because the results of these 
tests indicated that data for systemic inflammation and pro-
prioception variables were not normally distributed (p < 0.05), 
a logarithmic transformation was applied prior to conducting 
the statistical analyses. 

First, univariate linear regression analyses were performed to 
estimate associations between systemic inflammation, proprio-
ception and muscle strength. Secondly, confounding effects of 
potentially relevant variables (i.e. age and sex) were determined. 
When one of these variables changed the regression coefficient 
by more than 10%, this variable was considered to be a con-
founder (12) and was included in the multivariable regression 
analysis. Finally, mediation analysis was performed to assess 
the indirect association of systemic inflammation with muscle 
strength via proprioception, without and with adjustment for 
confounders. The mediation model is presented in Fig. 1. Path 
a represents the association between the independent variable 
and the mediator variable, and path b represents the association 
between the mediator variable and the dependent variable. Path 
c represents the direct association between the independent 
variable and the dependent variable. Proprioception is shown 
to be a mediator of the association between systemic inflam-
mation and muscle strength if the indirect association between 
systemic inflammation and muscle strength (path a × path b) 
differs significantly from zero (13). To examine a statistically 
significant mediation effect, we incorporated the bootstrapping 
method with 95% confidence interval (95% CI), as this method 
is recommended (14). All analyses were performed using SPSS 
software, version 22.0 (SPSS, Chicago, IL, USA). Statistical 
significance was accepted at p < 0.05. The mediation analysis 
was implemented using the PROCESS macro for SPSS deve-
loped by Preacher & Hayes (14). 

www.medicaljournals.se/jrm
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69Osteoarthritis: inflammation, proprioception and muscle strength

RESULTS

Descriptives
The characteristics of the study population are shown 
in Table I. The mean ± SD age was 62.2 ± 8.8 years. 
Women (n = 480) composed 69.7% of the study group. 
The median scores for the systemic inflammation le-
vel and proprioception were 9 mm/h (IQR 5–16) and 
2.5° (IQR 1.5–4.2), respectively. Mean ± SD muscle 
strength of the study population was 0.81 ± 0.4 Nm/kg.

Regression analyses
Association between systemic inflammation and 
proprioception (Fig. 2; path a). In univariate linear 
regression analysis, higher values of ESR were signi-
ficantly associated with poor proprioception (B = 0.09; 
p < 0.001). ESR explained 1.5% of variance in pro-
prioception (p < 0.001). In multivariable regression 
analysis, the influence of each potential confounder 
(i.e. age, sex) was determined. Both age and sex were 
found to be confounders. In the multivariable regres-
sion analysis, including both age and sex at the same 
time (Table II), it was shown that higher levels of 
ESR were still associated with poor proprioception 
after adjusting for age and sex (B = 0.06; p = 0.022).

Association between proprioception and muscle 
strength (Fig. 2; path b). In univariate linear regression 
analysis, poor proprioception was significantly asso-
ciated with muscle weakness (B = –0.48; p < 0.001). 
Proprioception explained 6.9% of variance in muscle 
strength (p < 0.001). In multivariable regression ana-
lysis, the influence of each potential confounder (i.e. 
age, sex) was determined. Sex was found to be a con-
founder (Table III), but poor proprioception was still 
significantly associated with muscle weakness after 
adjusting for sex (B = –0.40; p < 0.001).
Association between systemic inflammation and muscle 
strength (Fig. 2; path c). In univariate linear regression 
analysis, higher values of ESR were significantly as-
sociated with muscle weakness (B = –0.42; p < 0.001). 
ESR explained 10.6% of variance in muscle weakness 
(p < 0.001). In multivariable regression analysis, the 
influence of each potential confounder (i.e. age, sex) 
was determined. Sex was found to be a confounder 
(Table IV), but higher levels of ESR were still as-
sociated with muscle weakness after adjusting for sex 
(B = –0.24; p < 0.001). Each path and its associated 
regression coefficients are presented in Fig. 2. 

Table I. Descriptive statistics for demographic and biomechanical 
variables

Characteristics Value n

Demographics
Age, years, mean (SD) 62.2 (8.8) 689
Female, n (%) 480 (69.7) 689
Body-mass index, kg/m2, mean (SD) 30.5 (6.2) 689
Pain last week (NRS), (range 0–10), mean (SD) 5.5 (2.2) 689
KL grade ≥ 2, n (%) 397 (57.6) 689
CIRS ≥ 2, n (%) 246 (40.2) 613
ESR, mm/h, median (IQR) 9.0 (5–16) 689

Biomechanical factors
Proprioception, degrees, median (IQR) 2.5 (1.5–4.2) 689
Muscle strength, Nm/kg, mean (SD) 0.81 (0.4) 689

NRS: numeric rating scale; KL: Kellgren – Lawrence score; CIRS: cumulative 
illness rating score; ESR: erythrocyte sedimentation rate; IQR: interquartile 
range. 

Fig. 2 Mediation model. Path a: direct association between systemic 
inflammation and proprioception; path b: direct association between 
proprioception and muscle strenght; path c: direct association between 
systemic inflammation and muscle strength

Table II. Univariable and multivariable regression analysis of 
systemic inflammation (ESR in mm/h) on proprioception (°), 
adjusted for age and sex, in patients with knee OA (n = 689)

Independent factors

Proprioception (°)

B p 95% CI

ESR 0.09 0.001 0.03–0.14
ESR + agea 0.09 0.003 0.02–0.13
ESR + sexb 0.08 0.005 0.02–0.13
ESRa,b 0.06 0.022 0.01–0.11

Linear regression analysis with proprioception as dependent variable, adjusted 
for agea and sexb.
ESR: erythrocyte sedimentation rate; OA: osteoarthritis; CI: confidence interval.

Table III. Univariable and multivariable regression analysis of 
proprioception (°) on muscle strength (Nm/kg), adjusted for sex, 
in patients with knee OA (n = 689)

Independent factors

Muscle strength (Nm/kg)

B p 95% CI

Proprioception –0.48 < 0.001 –0.61 to –0.34
Proprioception + sexa –0.40 < 0.001 –0.51 to –0.29

Linear regression analysis with muscle strength as dependent variable, adjusted 
for sexa. OA: osteoarthritis; CI: confidence interval.

Table IV. Univariable and multivariable regression analysis of 
systemic inflammation (mm/h) on muscle strength (Nm/kg), 
adjusted for sex, in patients with knee OA (n = 689)

Independent factors

Muscle strength (Nm/kg)

B p 95% CI

ESR (mm/h) –0.42 < 0.001 –0.51 to –0.32
ESR + sexa –0.24 < 0.001 –0.32 to –0.16

Linear regression analysis with muscle strength as dependent variable, 
adjusted for sexa. ESR: erythrocyte sedimentation rate; OA: osteoarthritis; 
CI: confidence interval.

J Rehabil Med 50, 2018
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Mediation analysis. The hypothesis that systemic 
inflammation is associated with muscle weakness via 
poor proprioception was confirmed. In univariate linear 
regression analysis, the indirect association between 
systemic inflammation and muscle weakness via poor 
proprioception was statistically significant (B = –0.04, 
95% CI = –0.06, –0.02; p = 0.004). Of the total variance 
between systemic inflammation and muscle weakness 
(10.6%), 1.8% was explained by the mediation of poor 
proprioception. In multivariable mediation analysis, 
the influence of each potential confounder (i.e. age and 
sex) was determined. Both age and sex were found to 
be confounders. In the multivariable mediation analysis 
including age and sex at the same time it was shown 
that the indirect association between systemic inflam-
mation and muscle weakness via poor propriocep-
tion was still statistically significant (B =–0.02, 95% 
CI = –0.04, –0.01; p = 0.035). 

The analyses were also re-run with data from qua-
driceps strength and proprioception measures of only 
the painful (arthritic) knee. The results were similar 
(data not shown).

DISCUSSION

The current study determined the associations between 
low-grade systemic inflammation, proprioception and 
muscle strength among participants of the AMS-OA 
cohort with established knee OA. The main findings 
showed that: (i) systemic inflammation was associated 
with poor proprioception; (ii) systemic inflammation 
was associated with muscle weakness; and (iii) poor 
proprioception mediated the association between sys-
temic inflammation and muscle weakness.

To our knowledge, this is the first study showing that 
systemic inflammation, assessed by ESR, is associated 
with poor proprioception in patients with established 
knee OA. Even after adjustment for relevant confoun-
ders (i.e. age and sex) our results showed statistically 
significant associations. Based on previous observa-
tions (7), we hypothesized that the catabolic effect of 
systemic inflammation may lead to alterations in elec-
trophysiological properties of joint mechanoreceptors. 
This could evoke abnormal afferent discharge affecting 
joint proprioceptive acuity. Local inflammatory features 
could also lead to poor proprioception; however, neither 
joint effusion nor synovitis was assessed in our study. 
Further studies are needed, particularly in patients with 
knee OA and systemic inflammation with objectified 
local knee joint inflammation. 

Previously, the association between systemic inflam-
mation and muscle weakness has been reported in a 
smaller number of patients (n = 285) from the AMS-
OA cohort (5). Our results confirm this association in 

a larger sample from the same cohort and increase the 
validity of the previous findings. It has been suggested 
that this association might be explained as a result 
of the catabolic effect of circulating inflammatory 
markers that can considerably accelerate the process 
leading to muscle wasting and sarcopaenia (6). Our 
findings are also in agreement with other studies that 
reported the association between inflammatory markers 
and lower muscle strength in patients with OA (15) and 
in patients with RA (16).

Our results showed that poor proprioception was 
associated with muscle weakness. We have replicated 
the findings from the study by van der Esch et al. (4), 
who showed that poor proprioception is associated 
with muscle weakness in patients with knee OA. The 
values of proprioception are comparable with those 
reported in previous studies where a similar method of 
assessment was used (17). Comparison with other stu-
dies is hampered by differences in measurement met-
hods. Some studies used joint position sense (18–20), 
whereas we used joint motion sense. The manner in 
which poor proprioception leads to muscle weakness is 
not clear. It is generally accepted that sensory feedback 
through knee joint mechanoreceptors regulates muscle 
activity around the knee joint. Knee OA is detrimental 
to the joint receptors, leading to reduced or affected 
afferent output from those mechanoreceptors. Impaired 
sensory feedback could influence spinal and supra-
spinal pathways, which may lead to arthrogenic reflex 
inhibition and limit activation of knee muscles (21).

The results from the multivariable mediation ana-
lysis showed that the association between systemic 
inflammation and muscle weakness was significantly 
mediated by poor proprioception, even after adjusting 
for age and sex as potential confounders. The media-
tion by poor proprioception can be explained by abnor-
mal neural afferent discharges of mechanoreceptors. 
As a result of systemic inflammation, γ-motor neuron 
excitability could be decreased and lead to arthrogenic 
reflex inhibition (21). The change in physiological 
properties of mechanoreceptors by inflammation could 
be a pathway through which systemic inflammation 
affects muscle strength. More fundamental studies 
are needed to explore the suggested mechanism and to 
confirm the mediation of poor proprioception.

Distribution of the data of systemic inflammation 
was skewed and was log transformed. In order to be 
able to interpret the results of the regression analysis 
clinically, the coefficients were scaled by the IQR of the 
distribution of ESR and proprioception (22). Patients 
with an ESR of 16 mm/h (75th percentile) had lower 
proprioceptive accuracy of 0.22° compared with pa-
tients with an ESR of 5 mm/h (25th percentile). Further-
more, patients with a proprioception score of 4.2° (75th 

www.medicaljournals.se/jrm
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percentile) had lower muscle strength of 0.09 Nm/kg 
compared with patients with a proprioception scores 
of 1.5° (25th percentile). Finally, patients with an ESR 
of 16 mm/h had lower muscle strength of 0.11 Nm/kg 
compared with patients with an ESR of 5 mm/h. This 
indicates that proprioception and muscle strength are 
more affected by higher levels of ESR. The explained 
variance in proprioception from systemic inflamma-
tion was 1.5%. The indirect effect of proprioception 
on the association between systemic inflammation and 
muscle weakness was 1.8%. It is difficult to determine 
the clinical significance of the observed effects. Theo-
retically, controlling inflammation by medication and 
improving proprioception might contribute to better 
outcome in rehabilitation, adding to the improvements 
in muscle strength and thus decrease in activity limi-
tations. However, intervention studies are required to 
test this hypothesis. 

The covariates included in the models were chosen 
based on the literature and statistical advice (12). There 
is evidence that age and sex are associated with sys-
temic inflammation (23, 24), proprioception (25) and 
muscle strength (26). Radiographic Osteoarthritis has 
been shown to be associated with ESR and muscle 
strength (27, 28); however, statistical analysis revealed 
it did not change the regression coefficients by more 
than 10% for any of the paths, therefore, it has not 
been included in the multivariable regression analysis. 
Evidence showing that pain is associated with ESR, 
proprioception or muscle strength is conflicting (18, 29, 
30) or lacking (31, 32). Because of a potentially causal 
link between pain, obesity and inflammatory markers 
(5, 33), we refrained from adjusting the analyses for 
pain and BMI, as this might result in overcorrection of 
the model. Nevertheless, chosen predictors explained 
a relatively small portion of the variance in the outco-
mes; thus, there are other factors contributing to the 
associations that require further investigation.

This study has some strengths and limitations. An 
important strength was the large sample of patients 
(n = 689) with established knee OA, recruited in a 
clinical setting. Several limitations should also be 
mentioned. First, proprioceptive accuracy was derived 
from articular and peri-articular mechanoreceptors, 
but proprioception can also be derived from muscle 
spindles. To reflect proprioception derived from muscle 
spindles, future studies should also include measure-
ments of sense of active joint position. Secondly, ESR is 
an indirect measure of inflammation and is affected by 
a multitude of factors (34). Thirdly, lack of information 
on local inflammatory characteristics is a limitation, as 
neither knee joint effusion nor synovitis was assessed. 
Finally, a cross-sectional design was used; however, to 
better understand the mechanisms underpinning muscle 

weakness, longitudinal studies are needed with a focus 
on the assessment of systemic and local inflammation 
and active and passive measurements of proprioception. 

In conclusion, this study is the first to provide evi-
dence to suggest that systemic inflammation is associa-
ted with poor proprioception in patients with knee OA. 
Moreover, systemic low-grade inflammation is also 
associated with muscle weakness. Finally, the results 
indicate that poor proprioception may be a pathway by 
which systemic inflammation is associated with muscle 
weakness in knee OA. Longitudinal studies are needed 
to explore in more depth the mechanisms underpinning 
muscle weakness in patients with knee OA. 
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