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Abstract

Background Pain in osteoarthritis (OA) has been attributed traditionally to local tissue injury causing ‘nociceptive
pain. However, recent studies suggest that neuropathic and central sensitization mechanisms may contribute to the
pain experience. However, the relationship between these pain mechanisms and physical function has not been
thoroughly addressed. This study aimed to assess the association of central sensitization and neuropathic pain with
physical function in knee OA.

Results Participants with a positive central sensitization inventory score (CSI) (>40) had a decreased total Knee injury
and Osteoarthritis Outcome Score (KOOS) and its subscales (p <0.001), a longer timed up and go test time (p=0.002)
and a higher PainDETECT questionnaire (PD-Q) and visual analogue scale (p <0.001, p=0.026 respectively). The
severity of Kellgren-Lawrence grading (KL) (p <0.001), depressive and anxiety symptoms (p <0.001) increased with
neuropathic pain severity. In addition, participants with a high PD-Q score (> 19) had a longer timed up and go test
time (p<0.001) and a decreased total KOOS score (p <0.001). Moreover, we found that CSI score, KOOS score, and KL
grading were significantly predicted the PD-Q score (p=0.046, p <0.001, p=0.007, respectively). Regarding the physi-
cal function predictors, multivariate linear regression analysis revealed that pressure pain threshold at right elbow and
right knee (p=0.005, p <0.001) in addition to PD-Q (P < 0.001) were significantly associated with KOOS score, while CSI
and Hospital Anxiety Depression Scale were not.

Conclusion Knee OA patients with significant central sensitization and neuropathic pain reported increased pain,
more functional impairment, more anxiety and depressive symptoms than OA patients without central sensitization
and neuropathic pain. Additionally, neuropathic pain and presence of central sensitization were significant predictors

for functional ability.
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Background

Pain is a prominent symptom for people with osteo-
arthritis (OA) and the main reason why people with
OA seek medical help, because of its substantial bur-
den and impact on quality of life [1]. Currently, no
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disease-modifying drugs are available for OA, and most
patients continue to experience pain, despite multiple
pharmacological and non-pharmacological interventions
[2].

Pain associated with OA has traditionally been con-
sidered nociceptive, i.e. caused by damage or inflam-
mation to joints. Nevertheless, many studies have
found weak associations or discordances between OA
severity and pathology [3-5]. In the last few decades,
peripheral and central sensitization has been recog-
nized as contributing factors to chronic pain expe-
rienced by OA patients [6, 7]. Central sensitization
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is defined by the International Association for the
Study of Pain as the enhanced responsiveness of cen-
tral nervous system nociceptors to non-noxious or
subthreshold stimulation input [8]. While peripheral
sensitization refers to a state of peripheral nociceptive
hypersensitivity characterized by a lowered excitation
threshold or hyperresponsiveness of local nociceptors
to both noxious and non- noxious stimuli [9].

The Nor-Hand study of people with hand OA found a
high prevalence of central pain sensitization and a link
between it and severe hand pain [9]. There have also
been several small studies demonstrating greater sensi-
tization among people suffering from painful knee OA
compared to people with pain-free, healthy knees [6, 7,
10, 11].

Furthermore, some individuals with knee OA may
experience neuropathic pain manifesting as burning,
numbness, itching and electric shocks [12]and some
researchers have suggested that neuropathic pain may
result from damaged sensory receptors in subcortical
bone due to degenerative pathology [13, 14]. Conse-
quently, there is a growing evidence that neuropathic
mechanisms may contribute to OA pain [15].

It is unclear what determinants cause central pain
sensitization in OA or neuropathic pain, and how they
are related to functional status. Therefore, this cross-
sectional study aimed to explore the association of cen-
tral sensitization and neuropathic pain with physical
function in knee OA patients.

Methods
This cross-sectional study was carried out between
December 2020 and March 2022.

We recruited patients diagnosed with knee OA based
on the American College of Rheumatology (ACR) cri-
teria [16] after history taking and clinical examination.

Individuals were excluded if they had ligaments or
meniscal injures, total knee arthroplasty or arthrodesis,
autoimmune disease, diabetic neuropathy, knee pain
referred from the back or hip joint, or psychiatric dis-
orders. We also excluded patients with intervention e.g.
PRP or Visco-supplementation and steroid injections at
least 6 months before the study.

We calculated the sample size based on a percentage
of patients with OA who report neuropathic pain of
21.1% [17], with 80% power and 95% confidence inter-
val and an error margin of 5%. The minimum required
sample size was calculated to be 65 patients using
Open source epidemiologic statistics for public health
(openEPi).

All participants were evaluated by the following
measures:
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Visual analogue scale (VAS)

Patients were asked to mark the severity of knee pain on
a graded line “0” indicating no pain and “10” indicating
the worst pain imaginable [18].

Central sensitization

Pressure pain threshold (PPT)

Tests of PPT are performed at a diseased site to meas-
ure local pain sensitivity as a surrogate for peripheral
and/or central sensitization. Tests performed at dis-
tant, nonpainful sites test widespread hypersensitivity,
a sign of central sensitization [19]. Using standardized
instructions, we applied the pressure algometer to the
following sites: the OA knee and the contralateral knee
(medial joint line) as well as the elbow over the extensor
carpi radialis brevis (ECRB) muscle. The average of three
measurements was obtained [20].

Using a pressure algometer (PainTest FPN 100
Algometer (Wagner Instruments, Greenwich, USA), the
first point at which a sensation of pressure changes to a
sensation of pain was used. Induced pressure was applied
to the previous places using a flat circular metal probe
covered in a rubber cover with a surface area of 1 cm?
The algometer was mounted vertically and the pressure
was increased. As soon as patients began feeling pain,
they were asked to notify the examiner. 30 s of rest was
allowed between each measure. Lower PPT values indi-
cate increased sensitivity [21].

The central sensitization inventory (CSI) [22]

As a screening tool, CSI was introduced in 2012 to deter-
mine if presenting symptoms are related to central sensi-
tization or indicate central sensitivity [23]. Psychometric
strength and clinical utility of the CSI are satisfactory,
along with its initial construct validity. The completed
version contains 25 items. CSI scores range from 0-4,
and are calculated to 100 points. There are five levels:
subclinical (0-29), mild (30-39), moderate (40-49),
severe (50-59), and extreme (60—100) [24].

PainDETECT questionnaire (PD-Q) [25]

This is a screening test for neuropathic pain. It was first
used to detect neuropathic pain caused by back pain,
and its specificity and sensitivity were reported as 80%
and 85%, respectively. This test consists of seven sen-
sory weighted descriptive questions and two items that
describe temporal and propagation characteristics of
pain. The final score is between 0 and 38 probability;
scores within 13 tol8 indicate indeterminate points.
For neuropathic pain, a score of<12 indicates low
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probability; and a score of > 19 indicates high probability
[25].

DN4 questionnaire [26]

Douleur neuropathique 4 questionnaire was developed
for the assessment of neuropathic pain. It consists of 10
items that are either answered as yes or no. Seven of these
items assess pain quality and the other three items detect
the presence of sensory allodynia and touch- needle
hypoesthesia based on the clinical examination [26]. Each
item answered as “yes” yields 1 point, and a total score at
or above 4/10 is evaluated as positive. This questionnaire
has 83% sensitivity and 90% specificity for chronic pain
associated with a lesion in central nervous system (cen-
tral or peripheral) [27].

Hospital anxiety depression scale (HADS) [28]

HADS was designed to determine the risk of anxiety and
depression and assess a patient’s level and the change
in its intensity. It has anxiety and depression subscales.
It is made up of a total of 14 items. Seven of these (odd
numbered) items assess anxiety and the remaining (even
numbered) items assess depression. An overall subscale
score of>8 points out of 21 indicates significant anxiety
or depressive symptoms [27].

Physical function tests

Performance-based chair stand test (CST)

Using the Osteoarthritis Initiative manual as a guide,
CST was performed. As the patients sat in a chair with-
out armrests, their feet were comfortably placed on the
ground and their knees were flexed slightly more than 90
degrees. Using a stopwatch, patients were asked to stand
up five times as quickly as they could without using their
hands. Time began at "Go" after a countdown from three
and ended at the fifth stand [29]. The reference value for
the CST was 8.50 s (95%CI="7.93-9.07 s) [30].

Timed up and go

This test documents the time in seconds which a person
requires rising from a standard chair, walking to a line
at 3 m away, turning 180, returning to the chair and sit-
ting down. The arms of the chair can be used as support
for rising or sitting if necessary. It took two trials for the
average [31]. Functional mobility has a strong correlation
with this test. Healthy elderly typically complete the task
in less than 10 s [32].

Knee injury and Osteoarthritis Outcome Score (KOOS) [33]

The KOOS is composed of five subscales with a total
of 42 items: 1) pain, 2) other symptoms, 3) daily living
(ADL), 4) sport and recreation, and 5) knee-related qual-
ity of life. The scores for each question range from 0 to
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4, which are converted to a score from 0 to 100. A lower
score indicates more problems [33].

Radiological imaging

The Kellgren-Lawrence (KL) classification was originally
described using AP knee radiographs. Each radiograph
was assigned a grade from 0 to 4, which they correlated
to increasing severity of OA, with Grade 0 signifying no
presence of OA and Grade 4 signifying severe OA [34].

Ethics

The study was approved by the Committee of Ethi-
cal Research, Faculty of Medicine, (date of approval:
25/3/2019, Number 3905#). The participants received
oral and written information about the study and gave
their written informed consent.

Statistical analysis

Data normality was tested with the shapiro wilk test.
We presented continuous variables as means and stand-
ard deviations (SD) or median and interquartile range
(IQR), while categorical variables were described as fre-
quencies and percentages. Additionally, between-groups
differences were tested for statistical significance using
Mann—-Whitney test for continuous data. We estimated
Spearman correlation coefficients between measures of
physical function and CSI scores. Finally, we designed
several multivariate linear regression models to reveal
the predictors of CS, neuropathic pain and physical func-
tion in knee OA. P value less than 0.05 was considered
significant.

Results

We recruited a total of 68 patients, where 94.2% of them
were females. The patients’ age ranged from 29 to 71
(mean 47.12+10.52) and the mean body mass index
(BMI) was 30.17+4.73 (range: 23 — 44.5). In addition,
36.2% of the participants had chronic illnesses and 25%
had history of minor trauma as shown in Table 1.

The study participants demonstrated a wide range in
PPT and neuropathic pain severity. The means of anxi-
ety, depressive symptoms and central sensitization were
16.81+5.09, 15.18+5.28, and 53.16 +13.93 respectively.
The mean of KOOS score was 29.35+9.96 ranging from
11 to 70, where the lower scores indicate more impair-
ment (Table 2).

Regarding central sensitization assessment, the over-
all mean CSI score was 53.16 +13.93 with 85.3% of the
patients scored at 40 or more. While there was no corre-
lation between CSI score and age, BMI, symptoms dura-
tion, and KL grading, there was a positive correlation
with depression and anxiety scales (r=0.506, r=0.448,
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Table 1 Distribution of the studied cases
demographic and clinical characteristics (n=68)

according to

(2023) 50:27

Page 4 of 10

Table 2 Descriptive analysis of the studied cases regarding pain-
related and functional variables (n =68)

No. (%) Min.-Max Mean+SD Maedian (IQR)

Age (/years) VAS 5-10 8.29+155 8.5(8-10)
Mean +SD 47.12+10.52 PPT right knee (N) 10-55 21354596 20(19-24)
Median (Min. — Max.) 450((29-71) PPT left knee (N) 5-60 19.99+7.98 20 (15-21)

Sex PPT right Elbow (N) 5-46 2097 +567 21 (19-25)
Male 4 (5.9%) (@] 24 -87 53.16+13.93 55 (46 - 60)
Female 64 (94.1%) PainDetect 1-31 154+£79 17(10-21)

Symptoms duration (/years) DN4 0-9 3284217 4(1-5)
Mean +SD 5.26+4.86 HAD-Depression 4-21 15.18+5.28 6(11-20)
Median (Min. - Max.) 3(0.10-20) HAD-Anxiety 4-30 16.81+5.09 8(15-20)

Body mass index (kg/mz) Timed up and go (seconds) 12 -37 23.16+547 23.5(19-28)
Mean +SD 30.17+4.73 CST (seconds) 13-50 2381+546 23 (21 -25)
Median (Min. - Max.) 29 (23 -445) KOOS total 11-70 29.35+9.96 29.5 (25 - 36)

Education KOQOS symptoms 0-82 39.18+15.3 39 (27 - 54)
llliterate 8 (26.5%) KOOS Pain 0-67 291+11.12 25(25-35)
Primary 4 (20.6%) KOOS ADL 15-94 3351+14 30 (25-43)
Bachelor 24 (35.3%) KOQOS Sports 0-50 949+13.13 0(0-25)
Diploma 2(17.6%) KOOS QOL 0-69 3513+16.38 37.5(25-50)

Occupation IQR Inter quartile range, SD Standard deviation, VAS Visual Analogue Scale, PPT
House-wife 39 (57.4%) pressure pain threshold, N newton, CST performance-based chair and stand test,
Employee 14 (20.6%) DN4 Dogleur neuropathique 4, HAP—A !—Iospital Anxiety score, HAD-.D Hospital

Depression score, CS/ central sensitization inventory, KOOS Knee Injury and
Worker 1(1.5%) Osteoarthritis Outcome Score, ADL activity of daily living, QOL quality of life
Nurse 12 (17.6%)
Doctor 2 (2.9%)

Marital status timed up and go test time (p=0.002) and a higher
Single 1(1.5%) PainDETECT, DN4 scores, and VAS scale (p<0.001,
Married 55 (80.9%) p=0.001, p=0.026 respectively) (Table 4).

Widow 6 (8.8%) Additionally, a multivariate linear regression was
Divorced 6 (8.8%) run to assess the factors affecting central sensitiza-

Residency tion. However, no significant factors were found in this
Rural 36 (52.9%) model (Table 5).

Urban 32(47.1%) With respect to neuropathic pain, 39.7%, 22.1%, and

History of Knee Trauma 17 (25%) 38.2% of the participants had painDETECT scores of

Chronic llinesses

No chronic illnesses 43 (63.2%)

HTN 18 (16.4%)

HCV 7(10.3%)
KL Grade

1 6 (8.8%)

2 31 (45.6%)

3 18 (26.5%)

4 13(19.1%)

SD Standard deviation, HTN Hypertension, HCV Hepatitis C Virus, KL Kellgren-
Lawrence grading

p<0.001 and p<0.001, respectively) as demonstrated in
Table 3.

Participants with a high CSI score (>40) had a lower
total KOOS score and its subscales (p <0.001), a longer

low, intermediate, and high probability, respectively. The
severity of KL grading (p <0.001), depressive and anxiety
symptoms (p<0.001) increased with neuropathic pain
severity. In addition, participants with a high painDE-
TECT score (>19) had higher BMI (P=0.044), a longer
timed up and go test and CST time (p<0.001, p=0.017)
and a decreased total KOOS score (p<0.001) as illus-
trated in Table 6. Moreover, we found that CSI score,
KOOS score, and KL grading were significantly predicted
higher PainDETECT score (p =0.046, p <0.001, p=0.007,
respectively) (Table 7).

Regarding the physical function predictors, the mul-
tivariate linear regression analysis revealed that PPT at
right elbow and right knee (p=0.005, p<0.001) in addi-
tion to PainDETECT and VAS (P<0.001, P=0.006) sig-
nificantly predicted KOOS score, while CSI and HADS
scores did not (Table 8).
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Table 3 Correlation between demographic and clinical data with different measurement (n=68)
Age (/years) Symptoms duration (/ Body mass index (kg/mz) KL
years)
T p r p rs p r P

VAS -0.200 0.103 0.108 0379 0.167 0.173 0173 0.159
PPT right knee 0.015 0.900 0.223 0.067 -0.239 0.050 0.001 0.995
PPT left knee -0.043 0.726 -0.044 0.724 -0.330° 0.006" 0457 <0001
PPT right Elbow -0.120 0.328 -0.076 0.540 0372 0.002" -0.248" 0041
csl 0.136 0.270 -0.046 0.711 0.169 0.168 0.228 0.062
PainDetect 0.306" 0011" 0.141 0.251 0.227 0.062 0542 <0.001"
DN4 0271 0.026" 0.165 0.177 0.112 0.365 0.386" 0.001"
HAD-D 0.269 0027 -0.064 0.604 0.005 0.968 0210 0.086
HAD-A 0336 0.005" -0.050 0685 -0.131 0.288 0341" 0.004
Timed up and go 0.398 0001 0.095 0442 0242 0.046" 0457 <0.001"
CsT 0.135 0.274 0.099 0423 -0.138 0.261 -0.042 0.736
KOOS -0.151 0218 -0.209 0.088 -0.133 0.279 -0.340" 0.005"
KOOS symptoms 0212 0.082 -0.076 0.540 -0.383" 0.001" 0413 <0.001"
KOOS Pain 0.102 0410 -0.221 0.070 0.108 0379 0019 0.881
KOOS ADL -0.097 0429 -0.057 0.644 0322 0.007" 0413 <0001
KOOS Sports 0.070 0.569 -0.130 0.289 0.261" 0.032" 0212 0.082
KOOS QOL -0.154 0.209 -0.126 0.306 -0.112 0.365 -0.405" 0.001"

r;: Spearman coefficient

KL Kellgren-Lawrence grading, VAS Visual Analogue Scale, PPT pressure pain threshold, CST performance-based chair and stand test, DN4 Douleur neuropathique 4,
HAD-A Hospital Anxiety score, HAD-D Hospital Depression score, CS/ central sensitization inventory, KOOS Knee Injury and Osteoarthritis Outcome Score, ADL activity

of daily living, QOL quality of life
" Statistically significant at p <0.05

Discussion

This study investigated levels of neuropathic pain, central
sensitization, and physical function and their relation to
each other in participants with knee OA. We found that
patients with high levels of neuropathic pain and high
CS demonstrated greater pain, widespread hyperalgesia,
and greater functional limitations, suggesting a relation
between these two types of pain and physical function in
patients with knee OA.

Regarding the prevalence of central sensitization in
knee OA patients, there was a significant heterogeneity
among studies. Central sensitization was reported to be
48% of 941 patients by Kim et al. and in 24% of 422 by
Koh et al. [35, 36]; however, it was present in 85% of our
participants. A meta-analysis documented a prevalence
of pain sensitization of 20% with a significant heteroge-
neity of results because of the diagnostic tool used [37].
This discrepancy may be due to differences in sample size
and diagnostic tools.

We also found that radiographic knee OA severity was
correlated with a decrease in functional ability; however,
radiographic grade was not correlated with CSI and knee
pain. Finan et al. [38] also reported that there was no
congruence between radiological findings and perception
of pain in OA. In addition, knee pain degree increased

in knee OA patients with central sensitization which
is also found by Sasaki et al. [39] who also revealed that
participants with a positive CSI-9 score had a decreased
KOOS subscales similar to our results. As a result, cen-
tral sensitization appears to contribute to elevated pain
and impairment, regardless of the presence of pathologi-
cal OA. This indicates a possible relationship between
symptom severity and sensitization, independent of radi-
ographic severity, and supports the concept that periph-
eral pathology is not the only cause of painful symptoms
in knee OA [21, 38]. Accordingly, central sensitization
may also explain persistent pain following arthroplasty
[40].

Besides, we found no association between duration of
OA with sensitization either by CSI or PPT similar to
other studies [41]. Similarly, Skou et al. [42] found no
correlation between knee OA pain duration and pressure
pain sensitivity. In light of these findings, it is believed
that central sensitization is rather a "trait" than a "state",
and that the hypersensitivity was present before knee OA
and related to the individual’s predisposition to sensiti-
zation, rather than the result of peripheral nociceptive
input caused by OA [41].

Moreover, central sensitization and neuropathic pain
both correlated with decreased pressure pain thresholds
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Table 4 Comparison between CSI groups regarding different

measurement (n=68)
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Table 5 Multivariate linear regression analysis for the parameters
affecting CSI (n=68)

csl p
<40 (n=10) >40 (n=58)

VAS
Mean +SD 73£16 85+15 0026’
Median (Min. - Max.) 75(5-10) 9(5-10)

Timed up and go
Mean+SD 184453 24451 0.002"
Median (Min. - Max.) 17(12-27) 245 (13 -37)

CST
Mean +£SD 238+77 238+5.1 0438
Median (Min. - Max.) 22 (13-36) 23 (15-150)

PainDetect
Mean+SD 59+4.9 1747, <0001
Median (Min. - Max.) 401 -17) 17 (1 -31)

DN4
Mean +SD 1117 372 0.001"
Median (Min. - Max.) 0(0-5) 4(0-9)

HAD-D
Mean+SD 104455 16+48 0.005"
Median (Min. - Max.) 9(4-21) 7(6-21)

HAD-A
Mean +SD 122456 176 +46 0.007"
Median (Min. - Max.) 14-21) 18 (7 - 30)

KOOS
Mean+SD 424113 272+8 <0001
Median (Min. — Max.) 39 (29 -70) 26.5 (11 -50)

KOOS symptoms
Mean +SD 522+116 36.9+14.8 0.004"
Median (Min. — Max.) 50 (43 -82) 36 (0-71)

KOOS Pain
Mean+SD 4234124 268+9.2 <0001
Median (Min. - Max.) 405 (25-67) 25 (0-50)

KOOS ADL
Mean +£SD 4394199 31.7+121 00217
Median (Min. - Max.) 43 (25 -94) 25(15-75)

KOOS Sports
Mean+SD 244152 7+11. 0.001"
Median (Min. - Max.) 25 (0 -50) 0(0-25)

KOOS QOL
Mean +SD 476+107 33+163 0016
Median (Min. - Max.) 50 (25 -69) 28 (0-56)

SD Standard deviation, VAS Visual Analogue Scale, PPT pressure pain threshold,
CST performance-based chair and stand test, DN4 Douleur neuropathique 4,
HAD-A Hospital Anxiety score, HAD-D Hospital Depression score, CS/ central
sensitization inventory, KOOS Knee Injury and Osteoarthritis Outcome Score,
ADL activity of daily living, QOL quality of life

p p value for Relation between CSI with different measurement

" Statistically significant at p <0.05

p B (LL - UL 95%C.I)
VAS 0.210 0(-0.992-4412)
Timed up and go 0.886 -0.060 (-0.895 - 0.775)
PainDetect 0.651 0.193 (-0.657 — 1.043)
DN4 0.347 1.108 (-1.231 - 3.447)
HAD-D 0.139 0.901 (-0.300 - 2.101)
HAD-A 0.863 -0.098 (-1.230 - 1.034)
KOOS 0.720 0.084 (-0.384 - 0.553)

B Unstandardized Coefficients, C./ Confidence interval, LL Lower limit, UL Upper
Limit

KL Kellgren-Lawrence grading, VAS Visual Analogue Scale, PPT pressure

pain threshold, CST performance-based chair and stand test, DN4 Douleur
neuropathique 4, HAD-A Hospital Anxiety score, HAD-D Hospital Depression
score, CSI central sensitization inventory, KOOS Knee Injury and Osteoarthritis
Outcome Score

* Statistically significant at p<0.05

locally and remotely which is consistent with a study by
Gervais-Hupé et al. [43]. On the other hand, they found
that wide spread pain, somatization, and anxiodepressive
symptoms significantly predicted CSI scores unlike our
findings where we did not find mood disorders to be sig-
nificant predictors of central sensitization. This difference
may be due to differences in population, since patients of
OA are characteristically different from patient with wide
spread pain.

In a systematic review by Zolio et al. [12].the pooled
prevalence of neuropathic pain using PainDETECT was:
possible neuropathic pain (score>13) 40%; probable
neuropathic pain (score>18) 20%. In other studies, the
percentage of participants scoring in the “positive neuro-
pathic” pain category ranged from 5.4% to 32% [13, 15,
44]. The findings from our study are a little more than
some previous studies but nevertheless close to the previ-
ously published range.

Regarding the correlations between neuropathic pain
and other variables, our results support Moss et al. who
suggested that participants in the “positive neuropathic”
pain category reported increased pain and decreased
function relative to the remaining patients. They also
exhibited slower times to complete physical tasks [20].
This further emphasizes that they were experiencing
greater functional limitation associated with their pain.

In addition, participants in the “positive neuropathic”
category also exhibited increased pain sensitivity at the
OA knee and at the distant ECRB in the upper limb [20]
which is consistent with our study where there is a sig-
nificant correlation between PD-Q and PPT left knee
and ECRB. Patients with higher modified PD-Q scores
(>12.0) had higher odds of having pain sensitization on
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Table 6 Comparison between painDetect groups in relation to different measurement (n=68)

Pain detect p
<12(n=27) 13-18(n=15) >19 (n=26)

Age (years)
Mean +SD 4394112 465+59 508+ 11 0.083
Median (Min. - Max.) 43(29-71) 45 (36 - 57) 515 (29 - 70)

Body mass index (kg/m?)
Mean + SD 28.7+3.7 301452 31845 0.044"
Median (Min. - Max.) 28 (23 -37) 30 (26 - 44.5) 30.5 (23 - 40)

KL
1,2 23 (85.2%) 5(33.3%) 9 (34.6%) <0.001"
3,4 4(14.8%) 10 (66.7%) 17 (65.4%)

VAS
Mean +SD 7.56+1.60 867+1.84 8.85+0.92 0.005"
Median (Min. - Max.) 8(5-10) 10 (6 -10) 9(7-10)

PPT right knee
Mean +SD 229+76 211426 20453 0373
Median (Min. - Max.) 22 (10 - 55) 19.(19-25) 20 (10 - 30)

PPT left knee
Mean +SD 24485 18+73 17+62 <0001
Median (Min. - Max.) 21 (12 -60) 15(9-30) 20 (5 -30)

PPT right Elbow
Mean + SD 226+53 223+38 185+6.2 0.084
Median (Min. - Max.) 22 (13 - 46) 21 (15 - 30) 20 (5 - 26)

csl
Mean + SD 4364121 58+13.9 603+9.7 <0.001"
Median (Min. — Max.) 46 (24— 69) 57 (35 - 80) 58 (48 - 87)

Timed up and go
Mean +SD 187+37 255+45 264+44 <0001"
Median (Min. - Max.) 18(12-27) 27 (16 - 32) 255 (17 -37)

CsT
Mean +SD 222+4 246+85 25+42 0017
Median (Min. - Max.) 22 (13-36) 21 (15-50) 25(19-33)

HAD-D
Mean + SD 11445 16.7+4.6 182432 <0.001"
Median (Min. — Max.) 11(4-21) 17(11-21) 195(10-21)

HAD-A
Mean +SD 1345 19142 195+38 <0.001"
Median (Min. — Max.) 15(4-21) 19(15-21) 19 (13- 30)

KOOS
Mean + SD 366+9.3 279+39 227479 <0001
Median (Min. - Max.) 35 (26 -70) 29(21-37) 25(11-38)

SD Standard deviation
p p value for Relation between Pain detect with different measurement
" Statistically significant at p <0.05

KL Kellgren-Lawrence grading, VAS Visual Analogue Scale, PPT pressure pain threshold, CST performance-based chair and stand test, DN4 Douleur neuropathique 4,
HAD-A Hospital Anxiety score, HAD-D Hospital Depression score, CSI central sensitization inventory, KOOS Knee Injury and Osteoarthritis Outcome Score

quantitative sensory testing (QST) measures as found more likely to have signs of central sensitization, e.g.,
by Hochman and colleagues [45]. Gwylim et al. [46] higher ratings of sharpness and greater cerebral activ-
reported that participants with high PD-Q scores were ity on functional magnetic resonance imaging during
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Table 7 Multivariate linear regression analysis for the parameters
affecting PainDetect (n=68)

#Multivariate

p B (LL - UL 95%C.I)

Increase in KL 0.007" 2.137 (0.605 - 3.668)

PPT left knee 0.639 0.050 (-0.163 - 0.264)
PPT right Elbow 0.388 -0.124 (-0410-0.162)
Timed up and go 0.038" 0.291 (0.017 - 0.566)
HAD-D 0910 -0.026 (-0477 - 0.425)
HAD-A 0.527 0.142 (-0.304 - 0.588)
KOOS <0.001" -0.373 (-0.498 —-0.247)
csl 0.046" 0.093 (0.002 - 0.185)

B Unstandardized Coefficients
C.I Confidence interval, LL Lower limit, UL Upper Limit
" Statistically significant at p <0.05

KL Kellgren-Lawrence grading, VAS Visual Analogue Scale, PPT pressure pain
threshold, CS/ central sensitization inventory, HAD-A Hospital Anxiety score,
HAD-D Hospital Depression score, KOOS Knee Injury and Osteoarthritis Outcome
Score

Table 8 Multivariate linear regression analysis for the parameters
affecting KOOS (n=68)

#Multivariate

p B (LL - UL 95%C.I)

Increase in KL 0.447
VAS 0.006"
PPT right knee <0001

-0.837 (-3.025 - 1.351)
-1.561 (-2.657 —-0.465)
0.951 (0.551 - 1.351)

PPT left knee 0.319 -0.165 (-0493 - 0.163)
PPT right Elbow 0.005" -0.579 (-0.976 - -0.182)
HAD-D 0477 -0.230(-0.872 - 0413)
HAD-A 0.192 0.393 (-0.203 - 0.989)
Pain detect <0.001" -0.789 (-1.189 - -0.389)
csli 0.784 0.017 (-0.109 - 0.144)

B Unstandardized Coefficients
C.I Confidence interval, LL Lower limit, UL Upper Limit
" Statistically significant at p <0.05

KL Kellgren-Lawrence grading, VAS Visual Analogue Scale, PPT pressure pain
threshold, DN4 Douleur neuropathique 4, HAD-A Hospital Anxiety score, HAD-D
Hospital Depression score, CS/ central sensitization inventory, KOOS Knee Injury
and Osteoarthritis Outcome Score

punctate stimulation. These findings support the hypoth-
esis that central sensitization and neuropathic mecha-
nisms may contribute to the pain experience in a subset
of people with OA as seen in another studies [45]. While
nerve damage is not a recognized feature of OA, there
may be sub-clinical damage to small peripheral nerves
innervating OA joints [47].

Furthermore, PD-Q and CSI scores can indicate which
patients may benefit from Duloxetine, a serotonin norep-
inephrine reuptake inhibitor now approved for treatment
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of OA pain [48]. Alternatively, treatment of depression
and anxiety with medications that target neuropathic
pain, such as tricyclic antidepressants, may reduce the
contribution of CS to OA pain, especially for individuals
with higher PD-Q scores [49].

We found that there is a significant correlation between
PPT and knee pain, PD-Q, and physical function. Simi-
larly, three studies [41, 42], including one large cross-
sectional study of 2,126 participants with knee OA [41]
found a significant correlation between pressure pain
sensitivity and symptom severity. In the adjusted regres-
sion models by Moore et al. [50], manual tender point
count demonstrated strong associations with QST meas-
ures. However, in our regression model, predictors of
PPT were inconsistent. Further investigation is recom-
mended to establish this possible association.

In line with other studies [51, 52] of patients with OA,
we found that participants scoring “positive neuropathic”
or positive CSI had higher anxiety and depressive symp-
toms. Wood et al. [53] also found that people with knee
OA reporting enlarged areas of pain had more persistent
and severe pain and higher anxiety levels, which also was
interpreted as reflecting altered central pain processing
mechanisms. These findings support that the pain expe-
rience in OA is multidimensional, fitting well with the
biopsychosocial model, which reflects the influence of
biological, psychological, and social factors in the indi-
vidual’s suffering [54].

Finally, there was no relationship between BMI and
CS or neuropathic pain as found by Hochman et al. [45];
however, a significant correlation was found between
BMI and symptoms, activity of daily living, sports sub-
scales of KOOS, and timed up and go test. This may
indicate that BMI could affect functional ability but in a
different mechanism than does CS.

Limitations

The following limitations should be acknowledged. The
cross-sectional design of this study prevented us from
drawing any conclusions about the temporal relation-
ships between the measures. The majority of participants
were women, which may indicate a selection bias. Fur-
ther research in a larger sample is needed to confirm the
findings of this study. We did not use the complete set of
QST tests; however, those chosen are commonly used in
the studies of this population.

Conclusion

Individuals with knee OA who have concomitant neu-
ropathic pain and central sensitization tend to report
increased pain, more functional impairment, more
anxiety and depressive symptoms. Presence of high lev-
els of neuropathic pain and central sensitization were
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significant predictors for functional ability. Since neu-
ropathic pain and pain sensitization were prevalent in
people with knee OA, we need to consider them in OA
management since their presence may affect response
to treatment. Furthermore, targeting neuropathic pain
and pain sensitization for treatment may improve out-
comes. Therefore, it is imperative to conduct further
research to determine whether the presence of neuro-
pathic pain and/or CS predicts the response to knee OA
treatment.

Abbreviations

ACR American College of Rheumatology
ADL Activity of Daily Living

BMI Body Mass Index

(& Central Sensitization Inventory

CST Performance-Based Chair Stand Test
DN4 Douleur Neuropathique 4 Questionnaire
ECRB Extensor Carpi Radialis Brevis

OpenEpi  Open source epidemiologic statistics for public health
HADS Hospital Anxiety Depression Scale
HAD-A Hospital Anxiety score

HAD-D Hospital Depression score

IQR Interquartile Range

KL Kellgren-Lawrence Grading System
KOOS Knee Injury and Osteoarthritis Outcome Score
NSAID Nonsteroidal Anti-Inflammatory Drugs
OA Osteoarthritis

PD-Q PainDETECT Questionnaire

PPT Pressure Pain Threshold

QoL Quiality of Life

QST Quantitative Sensory Testing

) Standard Deviations

VAS Visual Analogue Scale

WSP Widespread Pain

Acknowledgements
I'would like to thank all patients who participated in this research work.

Authors’ contributions

G.GE,NKE, MEI, NHA, and MAH. designed the study. G.G.E. collected the
clinical data. G.G.E. and M.E.l. analyzed and interpreted the patient data. N.K.E.
and M.AH. interpreted the patient data. All authors discussed the results,
contributed to the final manuscript, and approved it. N.H.A. discussed the
results and supervised all the research process. All authors approved the final
manuscript and agreed to the published version of the manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on request.

Declarations

Ethics approval and consent to participate

The study was approved by the Committee of Ethical Research, Faculty of
Medicine, Suez Canal University, (date of approval: 25/3/2019, Number 3905#).
The participants received oral and written information about the study and
gave their written informed consent.

Consent for publication
Not applicable.

(2023) 50:27

Page 9 of 10

Competing interests

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper.

Received: 3 April 2023 Accepted: 17 May 2023
Published online: 31 May 2023

References

1. Hawker GA, Stewart L, French MR et al (2008) Understanding the pain
experience in hip and knee osteoarthritis—an OARSI/OMERACT initiative.
Osteoarthr Cartil 16:415-422. https://doi.org/10.1016/J.JOCA.2007.12.017

2. Sofat N, Ejindu V, Kiely P (2011) What makes osteoarthritis painful? the
evidence for local and central pain processing. Rheumatology (Oxford)
50:2157-2165. https://doi.org/10.1093/RHEUMATOLOGY/KER283

3. Dahaghin S, Bierma-Zeinstra SMA, Hazes JMW, Koes BW (2006) Clinical
burden of radiographic hand osteoarthritis: a systematic appraisal. Arthri-
tis Rheum 55:636-647. https://doi.org/10.1002/ART.22109

4. Haugen IK, Bayesen P, Slatkowsky-Christensen B et al (2012) Associations
between MRI-defined synovitis, bone marrow lesions and structural
features and measures of pain and physical function in hand osteo-
arthritis. Ann Rheum Dis 71:899-904. https://doi.org/10.1136/ANNRH
EUMDIS-2011-200341

5. Haugen IK, Slatkowsky-Christensen B, Bayesen P et al (2013) Cross-sec-
tional and longitudinal associations between radiographic features and
measures of pain and physical function in hand osteoarthritis. Osteoarthr
Cartil 21:1191-1198. https://doi.org/10.1016/JJOCA.2013.04.004

6. Bajaj P, Bajaj P, Graven-Nielsen T, Arendt-Nielsen L (2001) Osteoarthritis
and its association with muscle hyperalgesia: an experimental controlled
study. Pain 93:107-114. https://doi.org/10.1016/50304-3959(01)00300-1

7. Imamura M, Imamura ST, Kaziyama HHS et al (2008) Impact of nervous
system hyperalgesia on pain, disability, and quality of life in patients with
knee osteoarthritis: a controlled analysis. Arthritis Rheum 59:1424-1431.
https://doi.org/10.1002/ART.24120

8. International Association for the Study of Pain. IASP Terminology. Avail-
able from:https://www.iasp-pain.org/Education/Content.aspx?ItemN
umber=1698#Sensitization. Accessed january 10, 2023. https://doi.org/
10.1016/50885-3924(02)00465-7

9.  Steen Pettersen P, Neogi T, Magnusson K et al (2019) Peripheral and
central sensitization of pain in individuals with hand osteoarthritis and
associations with self-reported pain severity. Arthritis Rheumatol (Hobo-
ken, NJ) 71:1070. https://doi.org/10.1002/ART.40850

10. LeeYC, Lu B, Bathon JM et al (2011) Pain sensitivity and pain reactivity
in osteoarthritis. Arthritis Care Res (Hoboken) 63:320. https://doi.org/10.
1002/ACR.20373

11. Arendt-Nielsen L, Nie H, Laursen MB et al (2010) Sensitization in patients
with painful knee osteoarthritis. Pain 149:573-581. https://doi.org/10.
1016/J.PAIN.2010.04.003

12. Zolio L, Lim KY, McKenzie JE et al (2021) Systematic review and
meta-analysis of the prevalence of neuropathic-like pain and/or pain
sensitization in people with knee and hip osteoarthritis. Osteoarthr Cartil
29:1096-1116. https://doi.org/10.1016/JJOCA.2021.03.021

13. Ohtori S, Orita S, Yamashita M et al (2012) Existence of a neuropathic
pain component in patients with osteoarthritis of the knee. Yonsei Med J
53:801. https://doi.org/10.3349/YMJ.2012.53.4.801

14. Thakur M, Dickenson AH, Baron R (2014) Osteoarthritis pain: nociceptive
or neuropathic? Nat Rev Rheumatol 10:374-380. https://doi.org/10.1038/
NRRHEUM.2014.47

15. Hochman JR, Gagliese L, Davis AM, Hawker GA (2011) Neuropathic pain
symptoms in a community knee OA cohort. Osteoarthr Cartil 19:647-654.
https://doi.org/10.1016/jjoca.2011.03.007

16. Schiphof D, Runhaar J, Waarsing EJ et al (2018) The 10-year course of the
clinical American college of rheumatology (acr) criteria for hip and knee
osteoarthritis in an early symptomatic cohort, data from check. Osteoar-
thr Cartil 26:5347-5348. https://doi.org/10.1016/jjoca.2018.02.691

17. Polat CS, Dogan A, Sezgin Ozcan D et al (2017) Is there a possible
neuropathic pain component in knee osteoarthritis? Arch Rheumatol
32:333-338. https://doi.org/10.5606/ARCHRHEUMATOL.2017.6006


https://doi.org/10.1016/J.JOCA.2007.12.017
https://doi.org/10.1093/RHEUMATOLOGY/KER283
https://doi.org/10.1002/ART.22109
https://doi.org/10.1136/ANNRHEUMDIS-2011-200341
https://doi.org/10.1136/ANNRHEUMDIS-2011-200341
https://doi.org/10.1016/J.JOCA.2013.04.004
https://doi.org/10.1016/S0304-3959(01)00300-1
https://doi.org/10.1002/ART.24120
https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1698#Sensitization
https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1698#Sensitization
https://doi.org/10.1016/S0885-3924(02)00465-7
https://doi.org/10.1016/S0885-3924(02)00465-7
https://doi.org/10.1002/ART.40850
https://doi.org/10.1002/ACR.20373
https://doi.org/10.1002/ACR.20373
https://doi.org/10.1016/J.PAIN.2010.04.003
https://doi.org/10.1016/J.PAIN.2010.04.003
https://doi.org/10.1016/J.JOCA.2021.03.021
https://doi.org/10.3349/YMJ.2012.53.4.801
https://doi.org/10.1038/NRRHEUM.2014.47
https://doi.org/10.1038/NRRHEUM.2014.47
https://doi.org/10.1016/j.joca.2011.03.007
https://doi.org/10.1016/j.joca.2018.02.691
https://doi.org/10.5606/ARCHRHEUMATOL.2017.6006

Elsehrawy et al. Egyptian Rheumatology and Rehabilitation

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33

34

35.

36.

37.

Hawker GA, Mian S, Kendzerska T, French M (2011) Measures of adult
pain: Visual Analog Scale for Pain (VAS Pain), Numeric Rating Scale for
Pain (NRS Pain), McGill Pain Questionnaire (MPQ), Short-Form McGill Pain
Questionnaire (SF-MPQ), Chronic Pain Grade Scale (CPGS), Short Form-36
Bodily Pain Scale (SF. Arthritis Care Res 63:240-252. https://doi.org/10.
1002/acr.20543

Woolf CJ (2011) Central sensitization: Implications for the diagnosis and
treatment of pain. Pain 152

Moss P, Benson HAE, Will R, Wright A (2018) Patients With Knee Osteoar-
thritis Who Score Highly on the PainDETECT Questionnaire Present With
Multimodality Hyperalgesia, Increased Pain, and Impaired Physical Func-
tion. Clin J Pain 34:15-21. https://doi.org/10.1097/AJP0000000000000504
Fingleton C, Smart K, Moloney N et al (2015) Pain sensitization in people
with knee osteoarthritis: a systematic review and meta-analysis. Osteoar-
thr Cartil 23:1043-1056. https://doi.org/10.1016/jjoca.2015.02.163
Neblett R (2018) The central sensitization inventory: a user’s manual. J
Appl Biobehav Res 23:e12123

Neblett R, Cohen H, Choi Y et al (2013) The Central Sensitization Inventory
(CSI): establishing clinically significant values for identifying central sensi-
tivity syndromes in an outpatient chronic pain sample. J Pain 14:438-445.
https://doi.org/10.1016/j.jpain.2012.11.012

Nishigami T, Tanaka K, Mibu A et al (2018) Development and psycho-
metric properties of short form of central sensitization inventory in
participants with musculoskeletal pain: a cross-sectional study. PLoS One
13(7):€0200152

Freynhagen R, Baron R, Gockel U, Tolle TR (2006) pain DETECT : a new
screening questionnaire to identify neuropathic components in patients
with back pain. Curr Med Res Opin 22:1911-1920. https://doi.org/10.
1185/030079906X132488

Bouhassira D, Attal N, Alchaar H et al (2005) Comparison of pain syn-
dromes associated with nervous or somatic lesions and development of
a new neuropathic pain diagnostic questionnaire (DN4). Pain 114:29-36.
https://doi.org/10.1016/j.pain.2004.12.010

Askin A, Ozkan A, Tosun A et al (2017) Quality of life and functional capac-
ity are adversely affected in osteoarthritis patients with neuropathic pain.
Kaohsiung J Med Sci 33:152-158. https://doi.org/10.1016/JKIMS.2016.12.
007

Snaith RP (2003) The Hospital Anxiety And Depression Scale. Health Qual
Life Outcomes 1:29. https://doi.org/10.1186/1477-7525-1-29

Huber EO, Meichtry A, de Bie RA, Bastiaenen CH (2016) Construct validity
of change scores of the Chair Stand Test versus Timed Up and Go Test,
KOOS questionnaire and the isometric muscle strength test in patients
with severe knee osteoarthritis undergoing total knee replacement. Man
Ther 21:262-267. https://doi.org/10.1016/j.math.2015.09.012

Nakazono T, Kamide N, Ando M (2014) The reference values for the chair
stand test in healthy japanese older people: determination by meta-
analysis. J Phys Ther Sci 26:1729-1731. https://doi.org/10.1589/jpts.26.
1729

Dobson F, Hinman RS, Hall M et al (2017) Reliability and measurement
error of the Osteoarthritis Research Society International (OARSI) recom-
mended performance-based tests of physical function in people with hip
and knee osteoarthritis. Osteoarthr Cartil 25:1792-1796. https://doi.org/
10.1016/J.JOCA.2017.06.006

Dunning K (2017) Timed Up and Go Test. In: Encyclopedia of Clinical
Neuropsychology. pp 1-2

Koos T, Living D, Function R (2012) Knee injury and Osteoarthritis Out-
come Score. 1-5. https://doi.org/10.1097/00005131-200609001-00018s
Riecke BF, Christensen R, Torp-Pedersen S et al (2014) An ultrasound score
for knee osteoarthritis: a cross-sectional validation study. Osteoarthr Cartil
22:1675-1691. https://doi.org/10.1016/}joca.2014.06.020

Kim SH, Yoon KB, Yoon DM et al (2015) Influence of centrally mediated
symptoms on postoperative pain in osteoarthritis patients undergoing
total knee arthroplasty: a prospective observational evaluation. Pain Pract
15:E46-E53. https://doi.org/10.1111/PAPR.12311

Koh IJ, Kim MS, Sohn S et al (2019) Duloxetine reduces pain and improves
quality of recovery following total knee arthroplasty in centrally sensi-
tized patients: a prospective, randomized controlled study. J Bone Joint
Surg Am 101:64-73. https://doi.org/10.2106/JBJS.18.00347

Previtali D, Capone G, Marchettini P et al (2022) High prevalence of pain
sensitization in knee osteoarthritis: a meta-analysis with meta-regression.

(2023) 50:27

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 10 of 10

Cartilage 13(1):19476035221087696. https://doi.org/10.1177/1947603522
1087698

Finan PH, Buenaver LF, Bounds SC et al (2013) Discordance between pain
and radiographic severity in knee osteoarthritis: findings from quantita-
tive sensory testing of central sensitization. Arthritis Rheum 65:363-372.
https://doi.org/10.1002/ART.34646

Sasaki E, Ota S, Chiba D et al (2021) Association between central sensitiza-
tion and increasing prevalence of nocturnal knee pain in the general
population with osteoarthritis from the iwaki cohort study. J Pain Res
14:2449. https://doi.org/10.2147/JPR.S318038

Casado-Adam P, Jiménez-Vilchez AJ, Giiler-Caamaro | et al (2022) Pain
evolution in patients with central sensitization and osteoarthritis after
knee arthroplasty. Rehabilitacion 56:47-55. https://doi.org/10.1016/J.RH.
2021.06.002

Neogi T, Frey-Law L, Scholz J et al (2015) Sensitivity and sensitisation in
relation to pain severity in knee osteoarthritis: trait or state? Ann Rheum
Dis 74:682. https://doi.org/10.1136/ANNRHEUMDIS-2013-204191

Skou ST, Graven-Nielsen T, Rasmussen S et al (2013) Widespread sensitiza-
tion in patients with chronic pain after revision total knee arthroplasty.
Pain 154:1588-1594. https://doi.org/10.1016/J.PAIN.2013.04.033
Gervais-Hupé J, Pollice J, Sadi J, Carlesso LC (2018) Validity of the central
sensitization inventory with measures of sensitization in people with
knee osteoarthritis. Clin Rheumatol 37:3125-3132. https://doi.org/10.
1007/510067-018-4279-8/TABLES/5

Valdes AM, Suokas AK, Doherty SA et al (2014) History of knee surgery is
associated with higher prevalence of neuropathic pain-like symptoms

in patients with severe osteoarthritis of the knee. Semin Arthritis Rheum
43:588-592. https://doi.org/10.1016/J.SEMARTHRIT.2013.10.001
Hochman JR, Davis AM, Elkayam J et al (2013) Neuropathic pain symp-
toms on the modified painDETECT correlate with signs of central sensiti-
zation in knee osteoarthritis. Osteoarthr Cartil 21:1236-1242. https://doi.
0rg/10.1016/}joca.2013.06.023

Gwilym SE, Keltner JR, Warnaby CE et al (2009) Psychophysical and func-
tional imaging evidence supporting the presence of central sensitization
in a cohort of osteoarthritis patients. Arthritis Care Res 61:1226-1234
McDougall JJ, Andruski B, Schuelert N et al (2009) Unravelling the
relationship between age, nociception and joint destruction in naturally
occurring osteoarthritis of Dunkin Hartley guinea pigs. Pain 141:222-232.
https://doi.org/10.1016/J.PAIN.2008.10.013

Weng C, Xu J, Wang Q et al (2020) Efficacy and safety of duloxetine in
osteoarthritis or chronic low back pain: a Systematic review and meta-
analysis. Osteoarthr Cartil 28:721-734. https://doi.org/10.1016/J.JOCA.
2020.03.001

Moore RA, Derry S, Aldington D et al (2015) Amitriptyline for neuropathic
pain in adults. Cochrane Database Syst Rev 2015(7):CD008242

Moore R, Clifford AM, Moloney N et al (2020) The Relationship between
clinical and quantitative measures of pain sensitization in knee osteoar-
thritis. Clin J Pain. https://doi.org/10.1097/AJP.0000000000000798
Mulrooney E, Neogi T, Dagfinrud H et al (2022) The associations of
psychological symptoms and cognitive patterns with pain and pain
sensitization in people with hand osteoarthritis. Osteoarthr Cartil open
4:100267

Damman W, Liu R, Kroon FPB et al (2017) Do comorbidities play a role in
hand osteoarthritis disease burden? data from the hand osteoarthritis in
secondary care cohort. J Rheumatol 44:1659-1666. https://doi.org/10.
3899/JRHEUM.170208

Wood LRJ, Peat G, Thomas E, Duncan R (2007) Knee osteoarthritis in
community-dwelling older adults: are there characteristic patterns of
pain location? Osteoarthr Cartil 15:615-623. https://doi.org/10.1016/J.
JOCA.2006.12.001

Lluch Girbés E, Nijs J, Torres-Cueco R, Lopez Cubas C (2013) Pain treat-
ment for patients with osteoarthritis and central sensitization. Phys Ther
93:842-851. https://doi.org/10.2522/ptj.20120253

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1002/acr.20543
https://doi.org/10.1002/acr.20543
https://doi.org/10.1097/AJP.0000000000000504
https://doi.org/10.1016/j.joca.2015.02.163
https://doi.org/10.1016/j.jpain.2012.11.012
https://doi.org/10.1185/030079906X132488
https://doi.org/10.1185/030079906X132488
https://doi.org/10.1016/j.pain.2004.12.010
https://doi.org/10.1016/J.KJMS.2016.12.007
https://doi.org/10.1016/J.KJMS.2016.12.007
https://doi.org/10.1186/1477-7525-1-29
https://doi.org/10.1016/j.math.2015.09.012
https://doi.org/10.1589/jpts.26.1729
https://doi.org/10.1589/jpts.26.1729
https://doi.org/10.1016/J.JOCA.2017.06.006
https://doi.org/10.1016/J.JOCA.2017.06.006
https://doi.org/10.1097/00005131-200609001-00018s
https://doi.org/10.1016/j.joca.2014.06.020
https://doi.org/10.1111/PAPR.12311
https://doi.org/10.2106/JBJS.18.00347
https://doi.org/10.1177/19476035221087698
https://doi.org/10.1177/19476035221087698
https://doi.org/10.1002/ART.34646
https://doi.org/10.2147/JPR.S318038
https://doi.org/10.1016/J.RH.2021.06.002
https://doi.org/10.1016/J.RH.2021.06.002
https://doi.org/10.1136/ANNRHEUMDIS-2013-204191
https://doi.org/10.1016/J.PAIN.2013.04.033
https://doi.org/10.1007/S10067-018-4279-8/TABLES/5
https://doi.org/10.1007/S10067-018-4279-8/TABLES/5
https://doi.org/10.1016/J.SEMARTHRIT.2013.10.001
https://doi.org/10.1016/j.joca.2013.06.023
https://doi.org/10.1016/j.joca.2013.06.023
https://doi.org/10.1016/J.PAIN.2008.10.013
https://doi.org/10.1016/J.JOCA.2020.03.001
https://doi.org/10.1016/J.JOCA.2020.03.001
https://doi.org/10.1097/AJP.0000000000000798
https://doi.org/10.3899/JRHEUM.170208
https://doi.org/10.3899/JRHEUM.170208
https://doi.org/10.1016/J.JOCA.2006.12.001
https://doi.org/10.1016/J.JOCA.2006.12.001
https://doi.org/10.2522/ptj.20120253

	Functional ability in knee osteoarthritis: role of neuropathic pain and central sensitization
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Methods
	Visual analogue scale (VAS)
	Central sensitization
	Pressure pain threshold (PPT)

	The central sensitization inventory (CSI) [22]
	PainDETECT questionnaire (PD-Q) [25]
	DN4 questionnaire [26]
	Hospital anxiety depression scale (HADS) [28]
	Physical function tests
	Performance-based chair stand test (CST)

	Timed up and go
	Knee injury and Osteoarthritis Outcome Score (KOOS) [33]
	Radiological imaging
	Ethics
	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusion
	Acknowledgements
	References


