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ABSTRACT

Objectives: The aim of this study was to investigate central sensitization and associated factors in knee osteoarthritis (OA) patients and 
compare them with rheumatoid arthritis (RA) patients and healthy controls.
Patients and methods: This cross-sectional study was conducted with 125 participants (7 males, 118 females; mean age: 57.2±8.2 years;  
range, 45 to 75 years) between January 2017 and December 2018. Sixty-two patients with symptomatic knee OA, 32 RA patients with knee 
pain, and 31 healthy controls constituted the participants. Central sensitization was investigated with the Central Sensitization Inventory 
(CSI) and pressure pain threshold (PPT) measurements. Pain, functional status, and psychosocial features were assessed with self-reported 
questionnaires.
Results: The OA and RA groups had significantly lower PPT values at local, peripheral, and remote regions compared to the healthy 
controls. Pressure hyperalgesia was shown at the knee with a 43.5% prevalence, 27.4% at the leg, and 8.1% at the forearm of OA patients. 
Pressure hyperalgesia was present at the knee, leg, and forearm in 37.5%, 25%, and 9.4% of RA patients, respectively. Pressure pain threshold 
values, CSI scores, frequency of pressure hyperalgesia, and frequency of central sensitization according to the CSI were not statistically 
different between the OA and RA groups. Psychosocial features and structural damage were not correlated with PPT values in the OA 
group.
Conclusion: The severity of chronic pain and functional status may be the clinical clues to recognizing patients with central sensitization 
since local joint damage does not play a direct role in the etiopathogenesis of central sensitization in OA patients and severe pain persisting 
in the chronic process is associated with central sensitization regardless of the pathogenesis.
Keywords: Central sensitizisation, knee osteoarthritis, pressure pain threshold, rheumatoid arthritis.

Osteoarthritis (OA), which is the most common 
joint disease, is one of the leading causes of pain 
and disability, particularly in the elderly.[1] The 
pathophysiology of pain in OA is not fully understood. 
Synovial inflammation, raised intraosseous pressure, 
subchondral ischemia, and mechanical stresses on 
ligaments are known local causes of pain in OA.[2] Some 
of these changes observed on plain radiographs are 
joint space narrowing, osteophytes, and subchondral 
sclerosis. The correlation between symptoms and these 
radiographic findings is known to be weak.[1,3] In 
some patients, standard medical treatments are not 

effective in controlling joint pain, and pain may persist 
even after joint replacement.[4] These findings suggest 
that sensitization mechanisms may contribute to the 
pathogenesis of pain in OA.

Woolf[5] defines central sensitization as 
the “amplification of neural signaling within 
the central nervous system that elicits pain 
hypersensitivity.” Local damage in osteoarthritic 
joints and increased chemical mediators may 
lower the threshold for local nerve excitation, 
which is named peripheral sensitization leading to 
primary hyperalgesia.[5] Fingleton et al.[6] revealed 
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the role of central sensitization in osteoarthritic 
knee pain. Central sensitization leading to pain 
hypersensitivity may cause pain at remote sites away 
from the arthritic knee as widespread hyperalgesia.[6] 
However, it is unclear whether central sensitization 
is pathophysiologically related to the OA process or 
a feature of chronic pain, arising from the genetic 
or psychosocial history of patients.[7] In addition to 
OA patients, a healthy control group and rheumatoid 
arthritis (RA) patients with a different cause of 
chronic knee pain were included in our study to 
understand the mechanisms of central sensitization. 
Rheumatoid arthritis is a systemic inf lammatory 
disease and inf lammation plays a major role in pain 
pathogenesis. It is also known that disease activity 
scores are not always correlated with symptoms in 
early RA patients.[8] Central mechanisms are now also 
thought to contribute to pain expression in RA.[9]

Chronic joint pain, which is the most common 
and disabling symptom of both OA and RA, also 
affects the sleep, mood, and life quality of these 
patients. Identification of pain mechanisms involved 
in these chronic joint pain patients (nociceptive pain 
and pain associated with sensitization mechanisms) 
is critical to ensure an individualized and 
appropriate treatment approach for these patients. 
Hence, the aim of this study was to investigate 
central sensitization and possible associated clinical 
features in a sample of chronic symptomatic knee 
OA patients and to compare them with RA patients 
and healthy controls.

PATIENTS AND METHODS

The cross-sectional study was conducted 
with 125 participants (7 males, 118 females; 
mean age: 57.2±8.2 years; range, 45 to 75 years) 
at the Ankara University Faculty of Medicine, 
Department of Physical Medicine and Rehabilitation 
between January 2017 and December 2018. Sixty-
two patients with symptomatic knee OA based 
on the American College of Rheumatology (ACR) 
clinical criteria, 32 patients with RA based on the 
2010 ACR/European Alliance of Associations for 
Rheumatology (EULAR) criteria, and 31 healthy 
participants who had no history of knee pain in 
the last six months constituted the participants.[10,11] 

Patients with OA and RA described knee pain for at 
least six months. Individuals who had uncontrolled 
systemic disease, active RA, peripheral neuropathy, 
fibromyalgia syndrome, cognitive impairment, pain 
in the forearm, history of total knee arthroplasty, 

and those who used nonsteroidal anti-inf lammatory 
drugs, gabapentinoids, antidepressants, or 
anxiolytics in the last 24 h were excluded.

Demographic and clinical characteristics were 
assessed in all participants by medical history, 
clinical examination, and questionnaires. Pain 
intensity in the last week was assessed with the 
Visual Analog Scale (VAS), and pain and functional 
status were evaluated with the validated Turkish 
version of the Graded Chronic Pain Scale 
(GCPS).[12,13] Central sensitization was assessed 
with pressure pain threshold (PPT) measurements 
and the validated Turkish version of the Central 
Sensitization Inventory (CSI).[14] A hand-held digital 
pressure algometer (JTECH Medical, Midvale, UT, 
USA) was used to measure PPT. The probe was 
placed perpendicular to the skin, and the pressure 
was increased progressively until the participant 
defined the pressure as pain.[15] For each site, an 
initial practice was followed by two recorded trials, 
with the mean values used for analysis. The PPT was 
assessed at the painful knee joint (if both knees were 
painful, the more painful one was chosen), ipsilateral 
leg, and contralateral forearm. As the most affected 
compartment in knee OA is the medial tibiofemoral 
compartment, knee measurements were performed 
over the medial joint line. Leg measurements were 
performed on the tibialis anterior muscle, 5 cm 
distal to the tibial tuberosity, to assess the peripheral 
distribution of pain. Forearm measurements were 
performed over 5 cm distal to the medial epicondyle 
at the volar side to assess pain sensitization in the 
painless remote region.

The CSI has two parts: A and B. Central 
Sensitization Inventory-A is composed of 25 items of 
symptoms that are common to central sensitization 
syndromes. Total score ranges from 0 to 100, and 
higher scores are associated with a higher degree of 
symptomatology.[16] Neblett et al.[17] determined that a 
CSI score of 40 out of 100 best distinguished central 
sensitization patients with 81% sensitivity and 75% 
specificity.

Various psychosocial features associated with 
chronic pain were assessed with some self-reported 
questionnaires. Beck Depression Inventory (BDI) 
consists of 21 questions that evaluate depressive 
symptoms in the past week. Each question is scored 
between 0 and 3, and higher scores indicate more 
severe symptoms.[18] Insomnia Severity Index (ISI) 
is a seven-item questionnaire assessing the nature, 
severity, and impact of insomnia, and a 5-point Likert 



91Central sensitization in osteoarthritis

score is used for rating.[19] Pain Catastrophization 
Scale (PCS) consists of 13 items that describe the 
feelings and thoughts about having pain; participants 
are asked to reflect on past painful experiences and 
to indicate the degree of each item on a 5-point scale 
(0= not at all, 4=all the time).[20] The validated Turkish 
versions of these questionnaires were used.[21-23] 
Knee radiographs of OA patients were graded by 
a physical medicine and rehabilitation specialist 
using the Kellgren-Lawrence (KL) scale (0=normal, 
4=severe).[24]

Statistical analysis

The minimum sample size was calculated in 
R 3.0.1 software (The R Foundation, Vienna, Austria) 
with 80% power and 5% type 1 error as 22 individuals 
for each group following the study of Moss et al.[25] 
The PPT was used as primary outcome measure to 
calculate sample size.

Data were analyzed using the SPSS version 11.5 
software (SPSS Inc., Chicago, IL, USA). Since n<50 
for the RA and control groups, the Shapiro-Wilk test 
was used in addition to the Kolmogorov-Smirnov test 
for the assumption of normality. Group comparisons 
were analyzed using the analysis of variance for 
normally distributed variables, the Kruskal-Wallis 
test for nonnormally distributed continuous variables, 
and Fisher exact test for categorical variables. Pairwise 
comparisons were made by Tukey’s honestly significant 
difference test for one-way analysis of variance and 
the Dunn-Bonferroni test for the Kruskal-Wallis test. 
Correlations of the pain-related variables and PPT 
were analyzed with Spearman’s correlation analysis 
due to the nonnormal distribution of PPT results.

Z-transformation was used to compare 
individual patients’ PPT results with normative 
data obtained from the healthy controls. For 
Z-scores to be calculated, PPT results were 
logarithmically transformed to meet the 
assumptions of normality, as suggested by the 
German Research Network on Neuropathic Pain.[26] 
The Z-scores were then separately calculated for 
the individual participant and measurement site. 
The equation used to calculate the Z-scores was 
Z-score= (Xindividual-Meancontrols)/Standard 
deviationcontrol.

RESULTS

The demographic data of the groups are presented 
in Table 1. No statistically significant difference was 
found in the comparison of the median ages of OA 

and RA patients (59.5 years vs. 57.5 years, p=0.768), but 
the control group (49 years) was significantly younger 
than the patient groups (p<0.001). The sex distribution 
between the groups was not statistically different. 
The mean BMI values were not statistically different 
between OA and RA groups (p=0.285), but this value 
in the control group was significantly lower (p<0.001). 

The severity of OA was graded according to the 
KL system as listed: seven (11.3%) patients in Grade 1, 
24 (38.7%) patients in Grade 2, 18 (29%) patients in 
Grade 3, and 13 (21%) patients in Grade 4. The 
duration of RA ranged from 0.58 to 33 years, with a 
mean of 15.5±9.9 years. The mean Disease Activity 
Score 28 was 3.01±0.67 showing low disease activity. 
The duration of pain in the patient groups was not 
statistically different (p=0.653).

The comparison of pain-related characteristics 
and scores of assessed parameters are shown in 
Table 2. While VAS, PCS, BDI, and ISI scores were 
not statistically different between OA and RA groups, 
GCPS was significantly higher in the OA group. 
Osteoarthritis and RA groups had significantly 
lower median PPTs than the control group at the 
knee (p<0.001 for both), indicating local pressure 
hyperalgesia, and at the leg (p<0.001 for both), 
indicating spreading sensitization. Osteoarthritis 
patients had significantly lower median PPTs than 
the control group at the forearm (p=0.033), indicating 
distant pressure hyperalgesia. Rheumatoid arthritis 
patients had numerically lower median PPTs than 
the control group at the forearm, but this difference 
was statistically insignificant (p=0.217). There was 
no statistically different between the median PPTs 
of OA and RA patients in all three regions (p=1.000 
for all three regions, Figure 1). The PPT values of 
all participants were separately compared for three 
regions with the normal value obtained by using the 
data of the control group using z transformation to 
investigate the presence of central sensitization. In 
the OA group, 43.5% of patients reported pressure 
hyperalgesia at the knee, 27.4% at the leg, and 8.1% 
at the forearm. In the RA group, 37.5% of patients 
reported pressure hyperalgesia at the knee, 25% at 
the leg, and 9.4% at the forearm (Figure 2). There 
was no significant difference between the OA and 
RA groups’ percentages of pressure hyperalgesia 
(p=0.661 for the knee, p=1.000 for the tibialis anterior 
muscle and forearm). None of the participants in the 
control group reported pressure hyperalgesia in any 
region. The PPTs for three regions were separately 
examined in the OA group. There was no significant 
correlation between PPTs at any region and age, 
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BMI, duration of knee pain, VAS, BDI, PCS, ISI, and 
CSI scores. There was a weak negative correlation 
between the GCPS pain score and PPTs at the 
leg and forearm (r=-0.270, p=0.036 and r=-0.276, 
p=0.030, respectively). There was a weak negative 
correlation between the total GCPS score and PPT 
at the knee (r=-0.251, p=0.049). The PPT at the knee 
showed a strong positive correlation with PPT at 
the leg and forearm (r=0.700, p<0.001 and r=0.633, 
p<0.001, respectively). There was a strong positive 
correlation between PPTs at the forearm and the 
leg (r=0.727, p<0.001). The KL grade showed no 
significant correlation with PPT values, VAS scores, 
or CSI scores.

Central Sensitization Inventory scores of the OA 
and RA groups were significantly higher than the 
control group (p<0.001 for both); however, there was 
no statistical difference between them (p=1.000). The 
frequency of those with central sensitization according 
to the CSI (score ≥40) was 53.2% in the OA group, 
59.4% in the RA group, and 12.9% in the control group. 
While the frequency of central sensitization in the OA 
and RA groups was statistically significantly higher 
than in the control group (p<0.001), there was no 
significant difference between the OA and RA groups 
(p=0.570).

DISCUSSION

In this study, the presence and possible 
mechanisms of central sensitization were examined 
by comparing OA and RA patients with healthy 
controls. The pressure hyperalgesia at local, 
peripheral, and painless remote regions in both OA 
and RA patients with chronic knee pain suggests 
central sensitization. Pain sensitization in patients 
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with OA was also supported by high CSI and 
central sensitization frequency. Some studies that 
have assessed PPT in knee OA patients have found 
pressure hyperalgesia in the painful knee and 
other pain-free body regions.[14,27,28] There was no 
relationship between CSI and PPT in the OA group 
in this study. Gervais-Hupé et al.[29] reported a weak 
negative correlation of CSI with local and distant PPT 
in 133 knee OA patients. They also reported that CSI 
is more significantly associated with psychological 
factors, such as somatization and anxiodepressive 
symptoms, in patients with knee OA.

Prolonged or repetitive painful stimulation in 
the periphery plays a role in the development of 
central sensitization.[30] Therefore, a relationship 
between pain duration and PPT can be expected; 
however, there are controversial reports in the 
literature. In our study, there was no relationship 
between pain duration and PPT in knee OA patients 
consistent with the results of Skou et al.’s[31] study. 
Nonetheless, Arendt-Nielsen et al.[32] suggested an 
association between pain sensitization and longer 
duration of symptoms. Pain sensitization has been 
shown to be associated with pain severity.[5,32] There 
was no relationship between the VAS score and PPT 
at any region in our OA group. However, GCPS had 
a weak negative correlation with PPT at the leg and 
forearm, which shows that severe pain persisting in 
the chronic process may be associated with central 
sensitization. The GCPS evaluates the severity of 
pain over the past six months.[12] This feature of 
GCPS may have provided a better correlation with 
pain sensitivity in these chronic joint pain patients. 
There was also a significant but weak negative 
correlation between GCPS total score and PPT at the 
knee; patients with local pressure hyperalgesia may 
tend to express more pain and disability.

Psychosocial factors such as depression, pain 
catastrophizing, and sleep disturbances are known 
to be associated with pain experience in knee OA 
patients.[33] In our study, while both BDI and ISI scores 
were higher in the OA group than in the control 
group, this significance was found only in BDI in 
the RA group. Finan et al.[34] reported that anxiety, 
depression, and pain disaster symptoms increased in 
patients with high pain/low knee OA grade compared 
to low pain groups; however, group differences in 
quantitative sensory testing (QST) measurements were 
independent of psychosocial functionality. In another 
study exploring the association of sleep efficiency and 
catastrophic thinking to central sensitization in knee 

OA patients, it has been suggested that those with 
low sleep efficiency and higher catastrophizing scores 
reported increased levels of central sensitization.[35] 
In this study, PPT scores were not correlated with 
BDI, PCS, and ISI scores. This suggests that pain 
sensitization in OA patients cannot be explained by 
psychosocial factors alone.

Structural damage is thought to be a source of 
pain, and sustained severe nociceptive input from this 
may lead to pain sensitivity in OA patients.[27] We did 
not find a relationship between the KL grade and PPT 
and CSI consistent with the literature.[14] Therefore, 
central sensitization appears to be independent of 
the severity of structural damage. The fact that the 
CSI value is ≥40 in 59.4% of RA patients, which is a 
prototype of systemic inflammatory joint diseases, 
causes the relationship between this structural damage 
and central sensitization to be questioned. Zhang 
and Lee[9] also reported peripheral sensitization, as 
well as features suggestive of neuropathic pain and 
changes in central pain mechanisms in RA patients. 
The PPT, CSI, pressure hyperalgesia frequency, and 
central sensitization frequency according to the CSI 
were found to be similar between the RA and OA 
groups. To our knowledge, there are few studies 
comparing pain thresholds and pain sensitization 
in OA and RA patient groups. In the first study 
published in 1989, pain thresholds in the OA group 
were reported to be higher compared to the RA 
and control groups.[36] The second study, comparing 
mechanical sensations and pain thresholds in OA 
and RA patients with normal control subjects, 
demonstrated that OA and RA patients exhibit higher 
mechanical sensation thresholds and lower cutaneous 
mechanical pain thresholds (allodynia) compared 
to normal control subjects, further suggesting that 
there may be similar central mechanisms involved in 
OA and RA patients.[37] The third study, comparing 
OA and RA patients with healthy controls by using 
the pain-DETECT questionnaire and QST, revealed 
that both OA and RA patients have evidence of 
neuropathic features and exhibit peripheral and central 
sensitization.[38]

The prevalence of hyperalgesia in patients with 
OA and RA was 43.5% and 37.5% in the knee, 27.4% 
and 25% in the leg, and 8.1% and 9.4% in the forearm, 
respectively. Wylde et al.[39] reported that primary and 
secondary pressure hyperalgesia was not a common 
occurrence in knee OA patients; localized pressure 
pain sensitization was found in 32% and distant 
pressure pain sensitization in 20% of knee OA patients. 
A recent study exploring the role of CS pain in 
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various rheumatic diseases found central sensitization 
according to the CSI in 41% of RA and 62% of OA 
patients.[40]

There are several limitations to this study. As our 
study design was cross-sectional, it does not allow the 
determination of the direction of associations between 
pain sensitization measures and clinical variables. 
Although age was not found to be correlated with 
PPT in the current study, the fact that the control 
group was younger than the chronic pain groups 
might have influenced other variables. The number 
of patients to be included in the study was calculated 
to investigate whether there was a difference between 
the OA and the control group in terms of PPT; 
however, the relatively small sample size might have 
been insufficient to evaluate other outcomes. The 
low number of male patients does not allow the 
study results to be generalized to the entire knee OA 
population.

In conclusion, central sensitization is encountered 
in some patients with OA and RA, which cause 
chronic knee pain by different mechanisms. The 
absence of a positive relationship between the severity 
of structural damage and central sensitization in 
OA patients and the lack of difference in central 
sensitization prevalence between RA and OA patients 
support the idea that chronic pain may be a more vital 
factor in the pathophysiology of central sensitization. 
Future studies are needed to determine the clinical 
features and diagnostic criteria of patients with central 
sensitization, whose treatment strategies and prognosis 
may differ from the general knee OA and RA patient 
population.
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