
https://doi.org/10.1177/19476035221087698

Cartilage
January-March 2022: 1 –15
© the author(s) 2022
DOi: 10.1177/19476035221087698
journals.sagepub.com/home/Car

Creative Commons Non Commercial CC BY-NC: this article is distributed under the terms of the Creative Commons attribution-
NonCommercial 4.0 license (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and 

distribution of the work without further permission provided the original work is attributed as specified on the Sage and Open access pages  
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Original Article

Introduction

Pain is the main symptom of knee osteoarthritis (OA), as 
well as the most relevant cause of disability and poor qual-
ity of life in the affected patients.1,2 Current treatments can 
only partially address patient symptoms, often offering a 
limited improvement with persistent pain regardless of the 
treatment strategy. Structural changes are traditionally con-
sidered the trigger of the noxious stimuli and, as such, are 
the most common target of pain treatment, but the latest 
studies on this topic led to conflicting results regarding the 
association between structural damage and pain.3-6 This 
documented discrepancy could be related to an altered pain 
perception mechanism, with pain sensitization being 
increasingly recognized as a key determinant in knee OA–
related pain.7-10
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Pain sensitization is defined as an altered pain perception 
caused by increased impulses from peripheral nervous tis-
sues (peripheral sensitization) and/or by the amplification 
of the pain signals within the central nervous system (cen-
tral sensitization).11-14 As a consequence, patients present a 
change in the characteristics of pain including local allo-
dynia and hyperalgesia, as well as in the distribution of 
pain, as these changes can lead to widespread hypersensi-
tivity, which extends beyond local anatomic changes.15 The 
involvement of the nervous system with changes in nervous 
transmission and cerebrospinal fluid composition affecting 
level and characteristics of perceived pain leads to the use 
of the term “neuropathic pain,” to distinguish it from “noci-
ceptive pain” historically considered related to knee OA.16-

18 As “neuropathic” pain is a broader concept pertaining 
different pathologic conditions outside the OA field19 (i.e., 
neuropathies, central poststroke pain, etc.) and entailing the 
presence of a demonstrable neurologic lesion, the term 
“nociplastic pain” has been introduced to account for the 
possible involvement of the nervous system in musculo-
skeletal diseases.20,21 However, neuropathic pain diagnostic 
tools proved effective in identifying knee OA patients with 
peripheral and central pain sensitization.22,23 Validated 
methods such as questionnaires and quantitative sensory 
testing (QST) protocols evaluating pressure and thermal 
pain threshold and pain modulating mechanism, such as 
conditioned pain modulation (CPM) and temporal summa-
tion (TS), have been used to investigate the presence of 
local and widespread pain sensitization in the clinical set-
ting avoiding invasive procedure such as cerebrospinal 
fluid collection.24 Although with sometimes controversial 
findings, recent awareness on this important pain determi-
nant fueled a significant research effort to shed new light in 
knee OA mechanisms.25,26

The primary aim of this meta-analysis was to provide a 
quantitative synthesis of the prevalence of pain sensitiza-
tion in knee OA determining the percentage of patients that 
present features of pain sensitization according to tools 
available in the outpatient setting such as questionnaires or 
QST. The impact of pain sensitization was evaluated com-
paring pain thresholds—documented with QST—of 
affected patients and healthy controls. Furthermore, possi-
bly associated factors were investigated through a meta-
regression to better identify and manage patients affected 
by pain sensitization in knee OA.

Materials and Methods

Data Source and Study Selection

After the registration of the protocol on PROSPERO 
(CRD42019123347), PubMed (MEDLINE), the Cochrane 
Central Register of Controlled Trials (CENTRAL), and 
Web of Science were systematically searched with no time 

limitation on February 2, 2021, using the following string: 
(Osteoarthritis OR OA) AND (pain) AND (neuropathic OR 
nociceptive OR sensitisation OR sensitization OR DN4 OR 
painDETECT OR S-LANSS OR QST).

After the removal of duplicates, all titles and abstracts 
were checked to retrieve all eligible articles. Subsequently, 
if not enough information could be obtained from the 
abstract, the full-text article was read. Level I to level IV 
studies on humans reporting the prevalence of pain sensiti-
zation in patients with symptomatic knee OA (as a primary 
or secondary outcome) documented through a validated 
method (questionnaires or QST), or reporting a comparison 
of QST between knee OA patients and healthy subjects, 
were included. Systematic reviews, meta-analyses, narra-
tive reviews, expert opinions, and case reports were 
excluded. The Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines were 
used.27 Two authors (D.P., G.C.) independently performed 
the article selection process, with disagreement on study 
eligibility solved by a third author (C.C.).

Data extraction, Study Outcomes, and Quality 
Assessment

Extracted information on methodology from all eligible 
studies included level of evidence, study design, tech-
nique of pain sensitization assessment, inclusion/exclu-
sion criteria, origin of data, number of patients included, 
and follow-up length. Information from all eligible stud-
ies on characteristics of the study population included 
sex, age, body mass index (BMI), comorbidities, PROMs 
(Patient-Reported Outcome Measures), length of symp-
toms, prevalence of pain sensitization, QST protocol 
results, and OA stage. Two authors (D.P., G.C.) indepen-
dently extracted trial information. If data were not avail-
able from the published studies, the corresponding authors 
were contacted. The primary outcome was the prevalence 
of pain sensitization determined as the percentage of 
patients that presented features of pain sensitization 
according to questionnaires or QST. Study and patient 
characteristics influencing the documented prevalence of 
pain sensitization in knee OA were also evaluated, as well 
as differences in terms of pain thresholds—measured 
with QST—between patients and healthy controls to 
quantify the impact of pain sensitization in knee OA pain 
perception.

A previously validated checklist, specifically developed 
for systematic reviews and meta-analyses addressing preva-
lence,28 was used to assess the risk of bias and the quality of 
the included studies. The evaluation was performed inde-
pendently by 2 reviewers (D.P., G.C.), and interrater vari-
ability was quantified through Cohen’s kappa. Discrepancies 
were discussed and resolved by a third author (C.C.).
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Statistical Analysis

To compute the adequate sample size to detect a prevalence 
of 20%, the formula of Naing et al.29 was used and it was 
determined that at least 246 patients were required. 
Continuous data were expressed as means and standard 
deviations and compared as mean differences, whereas 
binary data were expressed as frequencies and compared as 
risk ratios. A meta-analysis of proportions was performed to 
quantify the prevalence of pain sensitization in patients 
with knee OA with sub-analyses based on the detection 
method.30 When a score adopts more than 1 threshold to 
classify patients (i.e., unlikely, ambiguous, likely), the most 
conservative class (i.e., likely) was considered in the evalu-
ation of prevalence. Both fixed and random effects were 
used, with the results of the random effect preferred in case 
of heterogeneity of the included studies. A linear meta-
regression was performed to identify the source of the docu-
mented heterogeneity and evaluate the study characteristics 
influencing the reported prevalence of pain sensitization. 
Multiple meta-regression, with the variable identified as 
significantly associated to the documented prevalence, was 
then performed. Moreover, a meta-analysis was performed 
to compare the local and distant pressure pain thresholds 
(PPTs) between knee OA patients and healthy controls. The 
random effect model with Knapp-Hartung-Sidik-Jonkman 
adjustment was used, and results were expressed as stan-
dardized mean differences (SMDs). The statistical analysis 
was performed with the packages meta (v4.9-7) and meta-
for (v2.1-0) in RStudio (v1.2.5019).

Results

Characteristics of the Included Studies and 
Patients

Out of the 3,405 articles retrieved, 53 were selected  
(Fig. 1).5,22,23,25,26,31-80 All these articles reported pain sensi-
tization prevalence in the included patients, but only 12 
studies had the evaluation of the prevalence of pain sensiti-
zation in knee OA as a primary aim. Thirty-five studies 
were focused on other relevant features of pain sensitiza-
tion, such as its association with patient characteristics and 
clinical outcomes (19 studies), the detection of pain thresh-
old (5 studies), the effect of a specific treatment on it (5 
studies), the development of a new index to evaluate it (3 
studies), the evaluation of the different pain phenotypes (2 
studies), and the evaluation of the reliability of the QST 
protocols (1 study). In the remaining 6 studies, pain sensiti-
zation was only documented as baseline patient characteris-
tic. All of them used a validated method to detect the 
presence of pain sensitization in knee OA (some of the stud-
ies used more than 1 method to evaluate sensitization): 
painDETECT questionnaire in 24 studies (4 of which used 
a modified format), Douleur Neuropathic 4 (DN4) in 4 

studies, central sensitization index (CSI) in 3 studies, 
S-LANSS (Leeds Assessment of Neuropathic Symptoms 
and Signs) in 2 studies, a newly developed index in 2 stud-
ies, and QST in 32 studies. Out of the 32 studies evaluating 
pain sensitization in knee OA, 10 reported an analysis of the 
prevalence of pain sensitization. Different methods were 
used to determine the prevalence of pain sensitization in 
their samples: Cardoso et al. and Osgood et al. used a clus-
ter analysis of the results of QST protocol; Hochmann et al., 
Kurien et al., Wright et al., and Wylde et al. created cutoffs 
based on QST of healthy controls; Bossmann et al. used 
cutoff values published for healthy subject by the German 
Research Network on Neuropathic Pain; Lewis et al. con-
sidered abnormal a CPM <10% and a TS >10 on a 0 to 100 
Visual Analogue Scale; and Courtney et al. and Fingleton 
et al. considered abnormal a CPM with no change or an 
increase in pain perception. Patients were recruited from the 
community in 7 studies, from outpatient settings in 21 stud-
ies, from both the community and outpatient settings in 6 
studies, from the surgery list in 14 studies, and from both 
the outpatient settings and the surgery list in 1 study, 
whereas 4 studies did not report the method of patient 
recruitment. Overall, 7,117 patients were included, with a 
male/female ratio ranging from 0 to 3.3, a mean age ranging 
from 51 to 76, a mean BMI ranging from 25 to 38, and a 
mean pain duration ranging from 273 days to 11.9 years. 
Table 1 reports detailed information on studies and patient 
characteristics.

Pain Sensitization in Knee OA

The meta-analysis of proportion (Fig. 2) considering all 
the detection methods documented a prevalence of pain 
sensitization of 20% (95% confidence interval [CI] = 
16%-26%), with a significant heterogeneity of results (I2 
= 89%, P < 0.001). Sub-analyses were performed for the 
different detection methods used. PainDETECT was the 
most commonly used questionnaire and documented an 
overall prevalence of 17% (18% in the studies using the 
original PainDETECT and 11% in the studies using a 
modified form). Regarding the other questionnaires, the 
documented prevalence was 25% with DN4, 31% with 
S-LANSS, and 33% with CSI. Among the studies that 
used static QST protocols to evaluate pain sensitization, 
the documented prevalence was 29% using PPT, 27% 
using cold pain threshold (CPT), and 10% using heat pain 
threshold (HPT). In the studies evaluating pain response 
with dynamic QST protocols, a prevalence of 17% and 
55% was reported in terms of abnormal TS and abnormal 
CPM, respectively.

In the meta-analysis comparing pain sensitivity of knee 
OA patients and healthy controls (Fig. 3), a lower PPT was 
documented in the affected subjects, both in terms of local 
PPT (SMD = –1.00, 95% CI = –1.67 to –0.32, P = 0.007) 
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and distant PPT (SMD = –0.54, 95% CI = –0.76 to –0.31, 
P < 0.001).

Factors Associated with Pain Sensitization

To evaluate the effect of study and patient characteristics on 
the prevalence of pain sensitization, a meta-regression anal-
ysis was performed. The diagnostic tool used (R2 = 41%, P 
= 0.01) and the aim of the study (R2 = 35%, P = 0.01) 
were associated with the documented prevalence. There 
was an association tendency also for pain duration (R2 = 
21%, P = 0.07) and the category of the journal (R2 = 37%, 
P = 0.07). Number of patients included, publication year, 
country of the study, appropriateness of the inclusion crite-
ria, recruitment technique, and patient characteristics such 
as sex, age, BMI, baseline pain intensity, and related 

symptoms were not significantly associated with the 
reported prevalence. A multiple meta-regression model was 
created with the identified associated factors (diagnostic 
tool, aim of the study, year, category of the journal). The 
only variable, whose significance was confirmed by multi-
ple regression, was the diagnostic tool used, being the use 
of PainDETECT significantly associated with a lower doc-
umented prevalence (P = 0.03).

Quality of the Included Studies

The sample was considered representative in all included 
studies, except for the studies of Kim et al. and Imamura 
et al., which enrolled only women, and the study of Rabuille 
et al., which did not specify if the 50 patients included were 
recruited progressively or differentiated by the presence of 

Figure 1. PriSMa flowchart of the study selection process. Oa = osteoarthritis; PriSMa = Preferred reporting items for 
Systematic reviews and Meta-analysis.
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neuropathic pain to create 2 groups with 25 patients each. 
The recruitment technique was appropriate in all but 4 stud-
ies, which did not specify how patients were recruited. Only 
3 out of 46 studies had an adequate sample size (estimated as 
at least 246 patients; please refer to “Materials and Methods” 
section). A complete description of the study sample was 
reported in 24 studies. In 6 studies, there were missing data 

at follow-up, although it was not clear if this could influence 
the documented results. There is no standard measure to 
evaluate the presence of pain sensitization; thus, no study 
had the possibility to satisfy this criterium. All but 11 studies 
used a reliable measure to document the presence of pain 
sensitization: Only PainDETECT and QST protocols of the 
affected patients compared with those of healthy controls 

Figure 2. Prevalence of pain sensitization in the patients with knee osteoarthritis (forest plot). Both the fixed and random effect 
analyses are reported. the results of the random effect analysis are considered more reliable due to the documented heterogeneity in 
the included studies.



Previtali et al. 9

were considered reliable because the reliability of other self-
reported questionnaires has never been confirmed by the lit-
erature.22,81 In 15 studies, the number of patients with pain 
sensitization was not available; thus, their statistical analysis 
was considered inappropriate. Most of the confounding fac-
tors were identified and accounted for in 36 studies, exclud-
ing patients with comorbidities that may influence the 
prevalence of pain sensitization. None of the studies evalu-
ated the prevalence of pain sensitization in specific 
sub-populations.

Discussion

The main finding of this meta-analysis is that pain sensitiza-
tion has a high prevalence in knee OA, representing a 

relevant component of symptoms suffered by many patients. 
Depending on the diagnostic tool used, the documented 
prevalence ranges from 10% in studies testing the decrease 
in HPTs to 56% in studies evaluating the reduction of CPM, 
underlining the differences based on the various tested path-
ways and, thus, the need to pursue exhaustive and standard-
ized methods to evaluate pain sensitization.

Pain sensitization should not be overlooked when man-
aging knee OA and its presence should always be consid-
ered to properly address this burdening condition. According 
to the results of this meta-analysis, up to one-fifth of patients 
with knee OA presents an altered pain processing mecha-
nism that, if disregarded, may lead to treatment failure and 
patient dissatisfaction. Indeed, several studies have shown 
that the presence of a “neuropathic” component of pain in 

Figure 3. Forest plot of the comparisons of local and distant pressure pain threshold in patients with knee osteoarthritis and healthy 
controls. results are reported as standardized mean difference (SMD). the random effect model was used.
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musculoskeletal diseases may lead to an increased risk of 
pain chronicity and to worse outcomes after treatment.82-85 
Patients identified as “sensitized” probably represents a 
sub-group of knee OA patients with a specific pain pheno-
type that could take advantage of a targeted approach.86 
Treatments specifically addressing pain sensitization have 
been developed and tested to improve the results of tradi-
tional approaches to OA.70,87 In particular, duloxetine, a 
serotonin and norepinephrine reuptake inhibitor acting on 
the central nervous system as analgesic drug, showed initial 
promising results in treating a part of the patients with pain 
poorly controlled with traditional analgesic drugs.88,89 The 
fact that these treatments, developed with the intention of 
managing the neuropathic component of pain, have also an 
effect in tempering knee OA pain in some patients, is often 
considered a proof of the involvement of pain sensitization 
in OA symptoms.90 However, it is still not clear if the advan-
tages of these approaches rely on their overall good results 
as analgesic treatments or on their specific effectiveness in 
sensitized patients, as the improvement of the evidence in 
this field is hindered by the difficulties in detecting pain 
sensitization in musculoskeletal conditions.90,91

The diagnosis of pain sensitization, in the absence of a 
gold standard, is based on physical exam, questionnaires, 
and QST protocols.92 Questionnaires evaluate the presence 
of signs and symptoms, such as dull pain, tingling, prick-
ling, and widespread diffusion of pain with allodynia, that 
differ from those present in patients suffering from nocicep-
tive musculoskeletal pain.93,94 QST protocols can be divided 
into static and dynamic tests. Static tests measure the pain 
threshold of patients related to a specific noxious stimuli, 
commonly pressure, heat, or cold.95 Dynamic tests are 
aimed at quantifying the active response of the nervous sys-
tem to pain: CPM is estimated computing the difference 
between pain threshold at rest and pain threshold during a 
peripheral noxious stimulation96; TS is measured as the dif-
ference between patient-reported pain severity at first and 
last noxious stimuli of a series of supra-threshold stimuli 
with a constant intensity.97 This pool of examinations evalu-
ates most of the features of abnormal pain processing, and 
the combination of these tests has been included in compre-
hensive protocols aimed at investigating the presence of 
pain sensitization.98,99 In this light, the meta-analysis on the 
comparison between knee OA patients and healthy controls 
confirmed the presence of a hypersensitivity state in affected 
patients. Nonetheless, a great variability of reported preva-
lence of pain sensitization in association to the different 
diagnostic tools used was documented not only among dif-
ferent trials but also when different tests were used in the 
same study.35,38

The literature reports conflicting findings regarding the 
correlation between the results of the QST protocols and 
that of the most used questionnaires. Even though they are 
frequently used to evaluate the neurological involvement in 

knee OA pain, such questionnaires have been developed to 
evaluate the presence of neuropathic-like symptoms93 or to 
suspect a neuropathy,100,101 whose presence in knee OA has 
never been confirmed.19 Other authors also suggested that 
some of the questionnaires used to assess the presence of 
pain sensitization rely on questions that may reflect a 
broader definition of sensitivity which includes depression, 
anxiety, stress, and neuroticism.102 Moreover, while for 
painDETECT a correlation with an increased pain sensitiv-
ity has been documented, this was never reported for DN4 
and S-LANSS, and no correlation was found for CSI, whose 
results appear to be mainly influenced by the psychologic 
profile of the patients.47,81 This raises questions on the suit-
ability of available diagnostic methods, as underlined by the 
meta-regression, which identified the diagnostic tool used 
as the greatest source of heterogeneity in the meta-analysis 
of prevalence. In this light, new attempts to identify a new 
subset of individual phenotypic traits that correlate with the 
presence of pain sensitization are ongoing, but new research 
confirming the relevance of the identified factors is 
needed.103

The linear meta-regression also showed that the aim of 
the article resulted to be significantly associated with the 
reported prevalence: The highest prevalence was reported 
by studies aimed at evaluating features of pain sensitization 
that were not directly related to its prevalence, an interme-
diate value was reported by studies specifically focused on 
the prevalence of pain sensitization, whereas the lowest 
prevalence was documented by studies where pain sensiti-
zation was only one of the outcomes reported in a trial 
aimed at evaluating other aspects of knee OA. The highest 
prevalence documented in the first group of studies could 
be due to selection bias: Being the aim of these studies the 
evaluation of a feature of pain sensitization, it could be pos-
sible that patients suspected to have hypersensitivity were 
more easily recruited than other patients. On the contrary, 
the lack of attention and, probably, of experience in evaluat-
ing pain sensitization could be the cause of the lower preva-
lence documented in trials that were not focused on this 
aspect. The meta-regression also found a tendency toward 
association between the documented prevalence and the 
category of the journal with a higher prevalence for those 
on orthopedic and rehabilitation, followed by articles pub-
lished in pain category, in rheumatology category, and in 
medicine category journals. A possible explanation could 
be the difference among patients visited by different practi-
tioners: Patients with more severe knee OA pain have been 
suggested to be more likely to be seen by an orthopedic 
surgeon than by a rheumatologist or a general practitioner, 
and greater pain severity has been previously linked to 
higher prevalence of pain sensitization.33,104,105 Finally, the 
meta-regression found a tendency toward the association 
between symptoms’ duration and the prevalence of pain 
sensitization with an increase of the reported prevalence in 
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the studies, including patients with a greater symptoms’ 
duration. Pain chronicity is considered a key factor for 
developing pain sensitization.106 The constant noxious stim-
ulation from the affected peripheral tissues is considered the 
trigger necessary to develop hypersensitivity,107 and this 
could explain why the duration of pain was associated with 
a higher reported prevalence of pain sensitization. However, 
while these aspects are interesting insights for further inves-
tigation, the multiple meta-regression found that the only 
independent variable associated with the documented prev-
alence was the diagnostic tool used.

The meta-regression also evaluated patient-related char-
acteristics that could explain the reported heterogeneity and 
identify patients that are more prone to develop pain sensi-
tization. This could be extremely helpful to delineate a 
group of patients that should be tested with the available 
protocols that are otherwise considered too expensive and 
time-consuming to be used for all patients in the daily clini-
cal practice.108 Unfortunately, most of the patient-related 
characteristics evaluated with the meta-regression were not 
associated with the reported prevalence, thus hindering the 
possibility to identify a phenotype of patients with knee OA 
more prone to present pain sensitization. Patient character-
istics, such as female sex and older age, or symptom char-
acteristics, such as pain intensity, that are traditionally 
reported as distinctive of sensitized patients were not found 
to be associated with a higher prevalence of pain sensitiza-
tion in knee OA.109,110 Moreover, some factors that may be 
related to the presence of pain sensitization, such as the 
degree of knee OA, could not be analyzed in the meta-
regression due to the paucity of data available in the 
included studies.

The impossibility to perform a characterization of sensi-
tized patients represents a limitation of the current literature 
that is reflected in the present meta-regression. Some of the 
included trials lacked data on patient characteristics that 
could have been useful to strengthen this evaluation. This is 
indicative of the unyielding need to improve the quality of 
the existing literature on the topic, as also underlined by the 
evaluation of the risk of bias of the included studies. 
Moreover, even though some of the sources of heterogene-
ity were identified and accounted for, there was still a high 
residual heterogeneity in the results of this meta-analysis. 
Besides this, it should be noted that the reliability of ques-
tionnaires and QST protocols in determining the presence 
of pain sensitization is still debated. This limited the preci-
sion of estimate of the exact prevalence of pain sensitiza-
tion. Regarding the comparison of healthy subjects and 
knee OA patients, meta-analyses on thermal pain thresholds 
and dynamic QST could have been useful to provide more 
interesting insight on the topic. Unfortunately, the literature 
lacks studies providing data on this comparison and, with 
the number of studies available (3 on HPTs, 2 on CPTs, and 
none on dynamic QST), a meta-analysis could have led to 

misleading conclusions. Moreover, the recent literature 
reported changes in cerebrospinal fluid composition that 
may be helpful in characterizing knee OA patients with pain 
sensitization, but the evaluation of these issues was besides 
the focus of this meta-analysis that was focused on altered 
pain perception.18 Finally, in the meta-analysis comparing 
PPT of affected patients and healthy controls, the use of 
healthy controls without knee OA or pain as comparators 
does not allow for clear understanding of whether structural 
pathology versus pain symptomatology (or both) are rele-
vant for the development of pain sensitization.

Nonetheless, this meta-analysis was able to document 
that pain sensitization plays a key role in OA pain and 
should be the focus of more research efforts to further 
understand how to evaluate and address this component in 
the symptoms of patients affected by knee OA. Knee OA 
pain presents features that are consistent with a significant 
degree of pain sensitization. There is a high heterogeneity in 
the reported results, mainly based on the diagnostic tool 
used. The identification of the best methods to detect pain 
sensitization is warranted to correctly evaluate and manage 
symptoms of patients affected by knee OA.
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