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Abstract: Different profiles of pain progression have been reported in patients with knee osteoarthritis
(OA), but the determinants of this heterogeneity are still to be sought. The aim of this systematic
review was to analyze all studies providing information about knee OA pain trajectories to delineate,
according to patients’ characteristics, an evidence-based evolution pattern of this disabling disease,
which is key for a more personalized and effective management of knee OA. A literature search was
performed on PubMed, Web of Science, Cochrane Library, and grey literature databases. The Cochrane
Collaboration’s tool for assessing risk of bias was used, and a best-evidence synthesis was performed
to define the predictors of pain evolution. Seven articles on 7747 patients affected by knee OA (mainly
early/moderate) were included. Daily knee OA pain trajectories were unstable in almost half of the
patients. In the mid-term, knee OA had a steady pain trajectory in 85% of the patients, 8% experienced
pain reduction, while 7% experienced pain worsening. Low education, comorbidities, and depression
were patient-related predictors of severe/worsening knee OA pain. Conversely, age, alcohol, smoking,
pain coping strategies, and medications were unrelated to pain evolution. Conflicting/no evidence
was found for all joint-related factors, such as baseline radiographic severity.
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1. Introduction

Knee osteoarthritis (OA) is, according to the World Health Organization (WHO), the eleventh
leading cause of long-term disability worldwide [1]. Knee OA was traditionally perceived as a
multifactorial progressing disease with invariably worsening symptoms, but, although this feature
is evident in the long-term, symptoms progression is less clearly defined in the short- and mid-term
follow-up [2,3]. Even though knee OA is characterized by plenty of hallmarks, pain is the main
symptom of knee OA and it is the main target of treatment for this condition [4,5]. Nonetheless,
little is known about the evolution of knee OA-related pain, which results in difficulties in predicting
patient prognosis and properly evaluating the effectiveness of the administered therapy [6]. Countless
treatments have been proposed, from rehabilitation protocols to surgery, to address OA-related
functional limitations, but literature results are often inconclusive and heterogeneous [7–10]. In fact,
each strategy is applied to the broad category of OA patients, without being able to distinguish from
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patients with different symptom patterns and evolution. This impairs the possibility for a personalized
approach to effectively manage OA patients. In this light, the identification of specific OA patterns
could help to better target rehabilitation protocols and conservative procedures, allowing to postpone
the need for more invasive surgeries in responsive patients, while leaving surgery as an option for
patients where less benefit is expected from less invasive strategies.

Thus, recent research efforts have been made to better characterize the different types of pain
in patients with knee OA. In particular, different profiles of pain progression have been reported,
but the determinants of this heterogeneity are still to be sought [11]. A better knowledge of the
disease progression and the identification of the characteristics of patients more prone to develop a
fast-progressive or more symptomatic form of knee OA is therefore needed. This could help general
practitioners and specialists facing OA to predict the evolution of the disease and patient prognosis
in order to improve expectations and management of knee OA patients [12,13]. This issue also
plays a key role in the scientific research field, considering the importance of pain progression in
the evaluation of the effectiveness of treatments, which should be compared to the normal disease
progression pattern [14]. The identification of a clinically relevant endpoint is particularly important
for promising new drugs, targeting the early phases of OA and aimed at modifying the progression of
the disease [7,15,16]. Recently, the opportunity to follow-up communities of patients with knee OA
made it possible to document the evolution of this disease and its symptoms [17]. Moreover, statistical
models, able to identify trajectories by grouping patients with a common clinical disease progression,
are increasingly used to classify and describe the evolution of symptoms over time [18,19].

The aim of this systematic review was to analyze all studies providing information about pain
trajectories in knee OA patients, in order to delineate the evolution patterns of this disabling disease.
Furthermore, a best evidence synthesis was performed to provide a characterization of patients with
different pain progression, in order to identify the predictors of specific pain trajectories in patients
with knee OA.

2. Experimental Section

2.1. Protocol and Registration

Methods of the analysis and inclusion criteria were specified in advance and documented in a
protocol which was preregistered on PROSPERO (CRD42019119065). As compared to the previously
published protocol of this systematic review, which initially also considered the trajectory of pain after
total knee arthroplasty (TKA), this systematic review was then focused only on pain in patients with
knee OA.

2.2. Eligibility Criteria

The eligibility criteria are reported in Table 1.

Table 1. Inclusion and exclusion criteria used for the article selection process.

Inclusion Criteria Exclusion Criteria

Studies including patients with symptomatic
knee OA

Studies on patients treated with TKA or other
surgical and non-surgical treatments

Studies assessing pain evolution over time with pain
trajectories in patients without treatment

No information on pain evolution or discrete data for
patients with knee OA

Level of evidence I–IV Expert opinions (level of evidence V), reviews,
systematic reviews and meta-analyses

Published in English Preclinical or ex vivo studies

OA: Osteoarthritis, TKA: Total Knee Arthroplasty.
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2.3. Information Sources

A systematic literature search was performed on 25 June 2020 on PubMed, Web of Science, Cochrane
library, and grey literature databases (isrctn.org, clinicaltrials.gov, greylit.org, and opengrey.eu).

2.4. Search

The search was performed using the string: (“pain trajectories” OR “pain trajectory” OR “pain
curve” OR “pain curves”). No limits were used.

2.5. Study Selection

At first, extracted records were screened for duplicates’ removal and subsequently selected
applying the eligibility criteria previously reported (Table 1). A first screening was performed
by title and abstract, whereas a full-text reading evaluation was necessary when not enough
information was available from the abstract. The Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) guidelines were used [20] (Supplementary Table S1). Two authors
(D.P. and L.A.) independently performed the article selection process with disagreement solved by
consensus or by the intervention of a third author (G.D.L.F.).

2.6. Data Collection Process

Relevant information from eligible articles was independently collected by two authors (D.P. and
L.A.), using a previously structured table according to Cochrane [21].

2.7. Data Items

Information on study methodology concerned: level of evidence, study design, pain score,
method of pain trajectories assessment, inclusion/exclusion criteria, and origin of data. Data on
the characteristics of the study population were also extracted: number of patients, follow-up, sex,
age, race, body mass index (BMI), level of instruction, psychological profile (anxiety, depression),
comorbidities, activity level, symptoms’ duration, functional scores, characteristics of pain and patient’s
pain experience (pain coping strategies), perceived health status, use of medications, surgery rate, and
radiological severity of knee OA.

2.8. Risk of Bias in Individual Studies

The Cochrane Collaboration’s tool for assessing the risk of bias of prognostic studies was used.
This tool consisted of 8 questions: 2 questions about selection bias, 4 questions about information bias,
and 2 questions about confounders. To be considered as having a low risk of bias, a study should
satisfy at least 6 out of 8 criteria and at least 1 criterion for each risk of bias category (selection bias,
information bias, confounding). Studies with a moderate risk of bias satisfy at least 5 out of 8 criteria
and at least 1 criterion in 2 of the risk of bias categories. All other cases were considered as high risk of
bias. The final decision was the result of the consensus between two of the authors (D.P. and G.D.L.F.).

2.9. Summary Measures

The distribution of patients in the different pain trajectories was computed and expressed as the
proportion of the number of patients with a specific pain trajectory over the total number of patients.
The range of proportions of patients belonging to that specific pain trajectory reported in the studies
that identified such pain trajectory was also shown.

2.10. Synthesis of Results

A meta-analysis of proportions was attempted to quantify the prevalence of the different pain
trajectories in patients with knee OA, as planned. Both fixed and random effects analyses were used,
but the results of the random effect were preferred because of the heterogeneity of the included studies.
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Cochran’s Q statistic and I2 metric were used to quantify heterogeneity. The statistical analysis was
performed with the packages meta (v4.9-7) and metafor (v2.1-0) in R Studio (v1.2.5019). However,
the high heterogeneity of the retrieved data limited the statistical strength of the analysis and could not
be resolved with the commonly accepted methods due to the low number of included studies. Thus,
in order to avoid a misleading interpretation of the data, results were reported only as proportions,
as explained in Section 2.9. The forest plots were reported in the Supplementary Figures S1–S13 for
completeness [22].

2.11. Risk of Bias Across Studies

Finally, a best evidence synthesis was performed [23], following the indication of Van Tulder et al. [24]
and the method of Eijgenraam et al. [25], in order to grade the evidence of factors (patient-related and
joint-related) influencing pain evolution. The level of evidence was considered “strong” when results
were provided by at least 2 studies with low risk of bias, with generally consistent findings in all studies
(≥75% of the studies reported these findings). A “moderate” level of evidence was provided by 1 low
risk of bias study and 2 or more moderate/high risk of bias studies, or by 2 or more moderate/high risk
of bias studies, with generally consistent findings in all studies (≥75%). The evidence was considered
“limited” when results were provided only by one low/moderate/high risk of bias studies with generally
consistent findings (≥75%). If the findings were conflicting (<75% of the studies reported consistent
findings), the evidence was also considered “conflicting”.

3. Results

3.1. Article Selection and Characteristics

The initial search resulted in 454 titles from the included databases; among these, 191 were
removed because they were duplicate references. Of the remaining 263, 249 were excluded according
to the eligibility criteria, being studies without information on pain evolution or without discrete data
for patients with knee OA, studies on patients treated with TKA or other surgical and non-surgical
treatments, expert opinions (level of evidence V), reviews, systematic reviews and meta-analyses,
or preclinical or ex vivo studies. Thus, 14 studies were assessed for eligibility, and out of these,
seven full-text articles were excluded: two studies without discrete data on knee OA, two studies on
patients with prevalent patello-femoral OA, one study on pain trajectories after TKA, one study on
patients undergoing therapeutic exercise, and one study with unclear OA diagnosis. Thus, a total of
seven articles, published from 2014 to 2018, were included in the systematic review (Figure 1). Data on
knee OA patients were obtained from the Osteoarthritis Initiative (OAI) prospective cohort in three
studies [3,26,27], from the CHECK prospective cohort in two studies [28,29], from the knee clinical
assessment study (CAS-K) prospective cohort in one study [30], and from a cohort created by French
general practitioners in one study [31].

These studies included 7747 patients, 7155 of which were examined until the last follow-up.
Four studies included only one knee per patient (the most painful one), whereas three studies included
both knees. Six studies had a follow-up of more than 5 years (range 5–8 years) [3,26–30], whereas one
study documented pain trajectories on a daily basis for one month [31]. All studies were on cohorts
where the majority of patients had an early knee OA (Kellgren–Lawrence ≤ 2 with knee pain and
initial radiographic features of knee OA) [32,33]. The included studies and patients’ characteristics are
reported in detail in Table 2.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) flowchart of
the study selection process.

3.2. Characteristics of Pain Trajectories in Knee OA Patients

In 5 out of 6 studies with a mid/long-term follow-up, the majority of patients reported a constant
level of pain over the years. Among the 6 included studies, the proportion of patients included in a
trajectory with constant pain was 85.4% (range 10–100%; I2 97.6%). In particular, a constant minimal
pain (less than 15% of the pain scale used) was detected in 43.5% of the patients (range 0–73%; I2 99.7%),
constant mild pain (level of pain between 15% and 30% on the pain scale used) was detected in 27.6% of
the patients (range 0–67%; I2 99.5%), constant moderate pain (level of pain between 30% and 50% on the
pain scale used) was detected in 11.7% of the patients (range 0–42%; I2 99.2%), and a constant severe
pain (level of pain > 50% on the pain scale used) was detected in 2.6% of the patients (range 0–11%;
I2 92.4%).

The mean percentage of patients included in a trajectory with an increasing pain was 6.7%
(range 0–31%; I2 93.0%). In particular, no increasing trajectory in patients with initial minimal pain was
reported in any of the included studies, an increasing mild pain was reported by 2.3% (range 0–28%;
I2 97.4%) of the patients, an increasing moderate pain was reported by 2.2% (0–26%; I2 95.2%) of the
patients, and an increasing severe pain was reported by 2.2% (range 0–27%; I2 95.3%) of the patients.

The mean percentage of patients included in a trajectory with a decreasing pain was 7.9% (range
0–90%; I2 98.2%). In particular, patients with decreasing mild pain were 3.4% (range 0–43%; I2 95.6%),
patients with decreasing moderate pain were 3.9% (range 0–32%; I2 96.3%), patients with decreasing
severe pain were 0.6% (range 0–15%; I2 94.2%), whereas none of the studies detected a group of patients
with decreasing minimal pain.
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Table 2. Characteristics of the included studies and patients.

Study Origin
of Data

Included
Patients

Patients at
Follow-Up

Age
(Mean ± SD) Females (%) BMI

(Mean ± SD)
Follow-Up

Length
Baseline

KL Grade
Pain Score

Used

Bastick et al.,
2016 [28]

CHECK
database 743 705 56 ± 5.1 81 26.5 ± 4.3 5 y 58% grade 0,

42% grade 1 NRS 0–10

Collins et al.,
2014 [3]

Osteoarthritis
Initiative 1753 1448 62.2 ± 8.9 59 30.1 ± 4.9 6 y

52% grade 2,
34% grade 3,
14% grade 4

WOMAC
pain 0–100

Dai et al.,
2017 [26]

Osteoarthritis
Initiative 1852 1852 61.3 ± 9.1 58 NR 8 y 56% grade 0–1,

44% grade 2–4
WOMAC
pain 0–20

Halilaj et al.,
2018 [27]

Osteoarthritis
Initiative 1243 1243 62.1 ± 8.8 63 29 ± 4.8 6 y 100% grade 0–1 WOMAC

pain 0–20

Nicholls et al.,
2014 [30] CAS-K 819 570 64 ± 8 54 29.5 ± 5 6 y

54% grade 0,
9% grade 1,

14% grade 2,
12% grade 3,
10% grade 4

WOMAC
pain (0–20)

Trouvin et al.,
2018 [31] French GPs 632 632 67.5 ± 9.4 58 27.9 ± 4.6 28 d NR NRS 0–10

Wesseling
et al., 2015 [29]

CHECK
database 705 705 56 ± 5.1 81 26.5 ± 4.3 5 y 61% grade 0,

39% grade 1 NRS 0–10

BMI: Body Mass Index; d: days; GMM: Growth Mixture Modelling; GP: General Practitioner; LGCA: Latent Growth Class Analysis; NR: not reported; NRS: Numeric Rating Scale; SD:
Standard Deviation; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; y: years.
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In the study that evaluated pain trajectories for one month, two different patterns of pain
trajectories were studied: a stable pain trajectory (pain peaks during less than 25% of the month)
characterized 59.5% of the patients, whereas an unstable pain trajectory (pain peaks during more than
50% of the month) characterized 40.5% of the patients. None of the patients reported a “stable with
few peaks” pain trajectory (pain peaks during 25–50% of the month).

A meta-analysis of proportions was attempted to quantify the prevalence of the different pain
trajectories in patients with knee OA. However, since the paucity and the high heterogeneity of the
retrieved data limited the statistical strength and the relevance of the results of the meta-analysis,
results were reported only as proportions, as explained in Section 2.9. The forest plots are reported in
the Supplementary Figures S1–S13 for completeness.

3.3. Risk of Bias of the Included Studies

The risk of bias was judged to be low in 2 of the included studies, moderate in 4, and high in
1. Selection bias was almost surely absent in 3 of the included studies, which clearly defined their
inclusion criteria that were representative of the general knee OA population, and reported baseline
detailed characteristics of the included patients. Some degree of selection bias, the risk of selective
loss to follow-up, and the possible presence of confounders in their analysis entailed a moderate to
high risk of bias in the other included studies. There was a 96% agreement between the two authors
involved in the evaluation of the risk of bias.

3.4. Best Evidence Synthesis of the Predictors of Pain Trajectories

Patient-related factors identified as predictors of a severe or progressing pain trajectory, with a
strong level of evidence, were low education level and presence of comorbidities (Table 3). In particular,
patients without a college degree (primary or secondary school) or patients with one or more
comorbidities (in one article they were specified as: asthma, chronic sinusitis, cardiovascular disease,
hypertension, gastric ulcer, gallstones, liver disease, renal disease, diabetes, thyroid gland disease,
epilepsy, cancer, severe skin disease, and other chronic musculoskeletal diseases) were associated with
trajectories characterized by greater pain. The literature showed strong evidence that age, alcohol
consumption, and smoking were not predictors of pain evolution. A moderate level of evidence
supported depression as a predictor of a severe or progressing pain trajectory, whereas pain coping
strategies (such as pain transformation, distraction, reducing demand, retreating, and resting), and the
use of medications were shown not to be related to pain evolution. Conflicting findings were reported
for BMI, sex, ethnicity, pain at the ipsilateral hip, and worrying as a coping strategy. The evidence was
limited for all other factors, since they were reported in only one study.

Regarding joint-related factors, the current literature did not present predictors or related factors
that could be identified with a strong or moderate level of evidence (Table 4). Conflicting evidence
was found for baseline knee OA (Kellgren–Lawrence grade), and baseline pain and function (Western
Ontario and McMaster Universities Arthritis Index—WOMAC). The evidence was limited for all the
other factors since they were reported in only one study.

Only one study was focused on short-term pain trajectories, thus providing only limited evidence.
A long-lasting disease (>5 years), a higher incidence of flare-ups, and a long-lasting morning stiffness
(>15 min) were related to an unstable pain trajectory. No correlations were found for age, gender, BMI,
professional activities, anxiety, depression, pain intensity, joint stiffness, knee function, and neuropathic
characteristics of pain.
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Table 3. Details of the best evidence synthesis of patient-related predictors of pain trajectories.

Predictor Number of
Studies

Significant
Predictor

Non-Significant
Predictor

Best Evidence
Synthesis

Education level 4 L L M M Strong
Comorbidities 4 L L M M Strong
Younger age 5 M L L M M Strong

Alcohol 2 L L Strong
Smoking 2 L L Strong

Depression 2 M M Moderate
Pain medication 3 L M M Moderate
Coping (others) 2 L L Moderate

Diet fibres 1 H Limited
Physical activity 1 M Limited
Diet: meat/diary 1 M Limited

Supplementary Vitamins 1 L Limited
BMI 5 L L M M M Conflicting

Female sex 5 M M L M M Conflicting
Pain ipsilateral hip 2 L L Conflicting

Black ethnicity 2 M L Conflicting
Coping (worrying) 2 L L Conflicting

BMI: Body Mass Index; H: High risk of bias; L: Low risk of bias; M: Moderate risk of bias.

Table 4. Details of the best evidence synthesis of knee osteoarthritis (OA)-related predictors of
pain trajectories.

Predictor Number of
Studies

Significant
Predictor

Non-Significant
Predictor

Best Evidence
Synthesis

Knee tenderness 1 L Limited
Joint space width 1 M Limited

Knee warmth 1 L Limited
Bony enlargement 1 L Limited

Crepitus 1 L Limited
Positive re-fill test 1 L Limited

ROM flexion 1 L Limited
ROM extension 1 L Limited
Pain in motion 1 L Limited

Bouchard 1 L Limited
Heberden 1 L Limited

ESR 1 L Limited
Knee alignment 1 M Limited

Problems duration 1 M Limited
Baseline pain 1 L Limited

WOMAC, stiffness 1 L Limited
K-L 4 M M L L Conflicting

WOMAC, pain 2 H L Conflicting
WOMAC, function 2 H L Conflicting

ESR: Erythrocyte Sedimentation Rate; H: High risk of bias; K-L: Kellgren–Lawrence; L: Low risk of bias; M: Moderate
risk of bias; ROM: Range of Motion.

4. Discussion

The main finding of this systematic review is that approximately 85% of the patients with
early/moderate knee OA had a constant level of pain over time during a mid-term follow-up,
whereas 7% of the patients experienced a worsening pain trajectory and 8% of them reported a
reduction of pain.

The identification of different pain trajectories supports the hypothesis that several knee OA
phenotypes exist [34], with a minority of them associated with a rapidly invalidating disease.
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In particular, these results showed that, among the vast majority of patients with knee OA having
a constant level of pain over the years, only 14% of them suffered from a constant moderate/severe
pain. Moreover, 7% of the subjects presented a worsening in pain trajectory in the mid-term follow-up.
The understanding of the predictive factors for this subpopulation of patients could help to properly
define a prognosis and to provide the most suitable treatment approach for the affected patients. In fact,
considering the steady pain trajectories of early/moderate knee OA in the mid-term follow-up, it seems
legitimate to prefer a “wait and see” approach (a percentage of patients even showed an improvement at
5 years) as a first-line treatment for most of the patients or, at most, a non-invasive approach that could
alleviate patient symptoms. On the other hand, a more aggressive approach should be considered for
patients with severe or potentially worsening pain. The timing of TKA, which represents the end-stage
treatment of knee OA, is a debated aspect in the field of joint replacement surgery [35–37], especially in
the young population, where postponing metal resurfacing could be useful to limit possible severe
complications and unwanted outcomes [38,39]. The results of this review highlight that a correct
characterization of patients could be extremely helpful to select the best approach to manage knee OA.
The characterization of patients’ trajectories, distinguishing those with stable, improving, or worsening
trajectories, could also be paramount to properly plan OA studies, by ensuring a balanced stratification
of these patients and the correct interpretation of study results. These baseline characteristics could
be used to choose more specific inclusion criteria or to evaluate sub-groups. Moreover, treatment
response according to the different pain trajectories could be evaluated, to better understand how
much and for which kind of patient a new therapy would work.

A best evidence synthesis was performed in order to characterize patients who have a higher risk
of presenting a severe or worsening pain trajectory. Interestingly, only patient-related factors such as
low education level, high number of comorbidities, and depression were identified, with a strong to
moderate level of evidence, as predictors of a worse pain trajectory. Joint-related factors, such as baseline
function and radiographic severity, were reported with conflicting evidence, underlying the unclear
relation between bone deformities and symptoms [40,41]. Therefore, great attention should be given to
patient characteristics in order to identify those at high-risk and treat them accordingly. Moreover,
depression is a modifiable risk factor that can, and should, be addressed to limit the progression of
symptoms and, possibly, improve the quality of life of OA patients [42]. The identification of a low
educational level as a risk factor poses questions on potentially modifiable education-related and
social factors that could influence the evolution of pain [43]. Among these, diet has been documented,
although with limited evidence, to have an influence on pain progression in at least one study, with a
protective role of a higher daily fiber intake and an opposite role for meat and dairy products. On the
other hand, lifestyle-related factors, which have been frequently related to the educational level,
such as alcohol consumption and smoking, were not predictive of pain evolution, with a strong
level of evidence [44,45]. Unfortunately, the influence of some predictors was analyzed only in few
studies, and other factors that may affect pain evolution, such as the presence of pain sensitization [46],
the anatomy, and the muscular tropism of the lower limb [47,48], have not been tested. The literature
also still lacks information on many other potentially important aspects. New trials on large cohorts
of patients with knee OA should focus on these variables to provide a complete characterization of
patients at high risk of developing a severe or worsening pain trajectory.

In this light, this systematic review underlined the usefulness of methods that allow to
analyze information about inter-individual differences in the evolution of symptoms over time.
The heterogeneous pain progression patterns identified by this study suggest that describing the
entire population of knee OA using a single trajectory estimate oversimplifies the complex progression
patterns of this disease. Latent growth modeling approaches, such as latent class growth analysis and
growth mixture modeling, have been extensively used in other fields for identifying homogeneous
subpopulations within the larger heterogeneous population and for the identification of meaningful
groups or classes of individuals [49–51]. This method is feasible and should be increasingly applied for
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the population of patients with knee OA, in order to capture the evolution of symptoms in different
homogenous sub-groups of patients over the years.

The literature analysis showed an overall focus on the mid-term OA progression, with only one
study specifically focusing on the short-term assessment. This study allowed to underline another
important aspect. When data were collected on a daily basis, approximately 40% of the patients
had an unstable pain trajectory. These results state that, even though in the vast majority of the
cases knee OA-related pain is constant in the mid-term follow-up, patients frequently experience
unstable pain on a daily basis with frequent severe knee symptoms. In this light, a more frequent
assessment method could be extremely important to collect the whole pain experience [52]. In fact,
the annual assessment performed in the mid-term follow-up studies could be influenced by the
fluctuation of the symptoms documented in the 40% of the subjects, and these fluctuations could bias
the symptomatology assessment in patients with knee OA. Unfortunately, only one study was focused
on pain trajectories created from a daily-based assessment and this interesting feature could not be
further analyzed. This is a limitation of this systematic review.

Overall, the limitations of this study include the low number of published articles on pain
trajectories in knee OA. This hindered the possibility to analyze some potential predictors of pain
evolution (pain sensitization, pain tolerance, etc.) and led to conflicting findings for other factors.
In addition, the multifactorial and subjective nature of pain in OA has to be acknowledged, together
with the impossibility of the included studies to take into account these aspects (among all activity level
and related pain modifications). New trials should analyze these factors in order to provide a better
characterization of the different pain trajectories. Moreover, the data of the included trials were from
four large databases that enrolled a relatively small number of patients in developed countries (United
States, United Kingdom, Netherlands, France) and thus could only be representative of a part of the
knee OA population. Unfortunately, a strong meta-analytic quantitative synthesis was not possible
due to the high heterogeneity and the paucity of the included data. Thus, data on the prevalence of the
different pain trajectories could be reported only as proportions. Finally, the current review on pain
trajectories did not allow to investigate specific threshold levels, which would necessitate dedicated
analyses to take into consideration the faceted nature and inter-cultural variability of pain and the
impact of this symptom on patient life- and health-related decisions.

Despite the aforementioned limitations, this study allowed to highlight some important features
of pain evolution in patients with early/moderate knee OA. Approximately 85% of the subjects had a
constant level of pain during a mid-term follow-up, whereas 7% of the patients experienced worsening
pain and 8% of them reported a reduction of pain. Among the studied predictors of pain evolution,
only patient-related factors such as low education level, high number of comorbidities, and depression
were found, with a high to moderate level of evidence, to be predictors of pain evolution in knee OA.
No correlation was documented with joint-related factors. This is likely to be related to the limited
sensitivity of current methods to characterize OA joints, with broad classifications affected by low
accuracy. Future studies should focus on a better characterization of OA patients, both in terms of
anatomic features, as well as biological and psycho-social characteristics, in order to identify other
key predictors for the evolution of pain trajectories and better manage patients with early/moderate
knee OA.
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Forest plot of the meta-analysis of prevalence for the patients with a constant severe pain trajectory, Figure S6:
Forest plot of the meta-analysis of prevalence for the patients with an increasing pain trajectory, Figure S7: Forest
plot of the meta-analysis of prevalence for the patients with an increasing mild pain trajectory, Figure S8: Forest
plot of the meta-analysis of prevalence for the patients with an increasing moderate pain trajectory, Figure S9:
Forest plot of the meta-analysis of prevalence for the patients with an increasing severe pain trajectory, Figure S10:
Forest plot of the meta-analysis of prevalence for the patients with a decreasing pain trajectory, Figure S11: Forest
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