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ABSTRACT
Introduction  Knee and hip osteoarthritis are two highly 
prevalent musculoskeletal pain conditions. Unsuccessful 
rates after hip/knee replacement range from 10% to 20%. 
Subjects with sensitisation manifestations are vulnerable 
to worse clinical outcomes. Most studies have analysed 
outcomes up to 1 year after surgery. The aim of this 2-year 
longitudinal study will be to evaluate sensory-related, 
psychological and psychophysical pain sensitisation 
manifestations and a potential epigenetic biomarker 
as prognostic clinical outcomes for the development of 
chronic postoperative pain after knee or hip replacement.
Methods and analysis  A prospective longitudinal study 
with a 2-year follow-up period will be conducted. The 
prognostic variables will include pain, function, related-
disability, anxiety, depression, quality of life, sensitisation-
associated symptoms, kinesiophobia, neuropathic pain 
and catastrophising, and expectative of the intervention 
will be assessed before surgery. We will also evaluate 
the presence of the Val158Met polymorphism as a 
possible epigenetic marker. Clinical outcomes including 
pain, related-disability and self-perceived satisfaction, 
sensitisation-associated symptoms and neuropathic 
pain will be assessed 3, 6, 12, 18 and 24 months after 
surgery. These variables will be used to construct three 
prediction models: (1) pain and function, (2) sensitisation-
associated symptomatology and (3) neuropathic pain 
features classifying those patients in responders and non-
responders. Data from knee or hip osteoarthritis will be 
analysed separately. Statistical analyses will be conducted 
with logistic regressions.
Ethics and dissemination  The study has been approved 
by the Ethics Committee of both institutions involved 
(Hospital Universitario Fundación Alcorcón (HUFA) 19–141 
and Universidad Rey Juan Carlos (URJC) 0312201917319). 
Participants will sign the written informed consent before 
their inclusion. Study results will be disseminated through 
peer-reviewed publications and presentations at scientific 
meetings.

INTRODUCTION
Osteoarthritis (OA) is a chronic musculoskel-
etal disease that causes pain and disability. 
According to the Global Burden Disease 
2019, the knee and hip are the most preva-
lent affected joints.1 In fact, knee and hip OA 
had increased their prevalence worldwide 
between 1990 and 2019.1 With the expected 
global growth in the elderly population 
and concomitant rise in stationary lifestyle 
choices, the incidence of OA is predicted to 
increase in the coming years.

Treatment of OA-related pain can be 
conservative or surgical. Total replacement 
surgery probably represents the standard 
surgical treatment. Although surgery gener-
ates good results both in subjects with knee 
or hip OA, approximately 13% of individuals 
who receive knee replacement and 30% of 
subjects receiving hip replacement report 
postoperative pain in the first 2 years, which 
can become disabling.2–4 Moreover, about 
10%–20% of patients who underwent to total 
knee replacement (TKR) or total hip replace-
ment (THR) were not satisfied with their 
surgery.5 6

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The first study including multidimensional evalua-
tion for predicting variables associated with postop-
erative knee or hip pain.

	⇒ The first prospective longitudinal study with a 2-
year follow-up period.

	⇒ The main limitation will be a potential dropout rate 
during the 2-year follow-up.
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Several factors could contribute to patient’s dissatis-
faction, such as residual pain, remaining disability and 
expectations.7–11 There has been a wide effort in the liter-
ature to identify which preoperative characteristics could 
predict postsurgery pain or residual related-disability in 
patients after THR or TKR. Some studies have observed 
that the presence of sensitisation-associated symptom-
atology prior to surgery or neuropathic pain symptoms 
is associated with persistent postoperative pain and worse 
clinical outcome in individuals receiving TKR or THR,12–15 
although this association seems to depend on the degree 
of joint injury prior to surgery.16 17 Overall, these studies 
observed that the presence of higher generalised mechan-
ical pain hyperalgesia prior to surgery was associated with 
worse clinical outcomes after surgery, resulting in greater 
postoperative pain or related-disability. However, other 
studies have found no association between mechanical 
hyperalgesia and clinical outcomes after TKR.16 18 Cogni-
tive factors, such as pain catastrophising, kinesiophobia, 
and anxiety or depression, have also been identified 
as predictive factor to worse prognosis after TKR.19–23 
However, this association between psychological variables 
before surgery and patient outcomes is controversial.24 
Most of previous published prospective studies addressing 
potential predictive factors of worse prognosis in patients 
with TKR or THR included 12-month follow-up periods 
since those studies including data from 24 months are 
more often retrospective studies.14

Another important factor associated to postsurgical 
pain is genetic predisposition. Genetic profile related to 
the catechol-O-methyltransferase (COMT) gene has also 
been considered among the determinant factors related 
to nociceptive.25 The Val158Met polymorphism of the 
COMT gene is a predisposing factor associated to worse 
clinical presentations in patients with different chronic 
pain conditions.26–29 In fact, in individuals with OA, the 
Met allele has been associated with increased pain levels 
in those patients with hip OA30 but not in those with 
knee OA.31 However, study probing the association of the 
Val158Met polymorphism with the presence of pain after 
THR has showed inconclusive data.32 33

There is a lack of studies investigating the combination 
of different types of predictive factors of worse clinical 
prognosis after TKR in the same sample, a lack of data 
about individuals receiving THR and few prospective 
studies including longer follow-ups in both TKR and THR. 
It should be noted that most studies have investigated 
proxied for sensitisation by analysing quantitative sensory 
tests (mainly pressure algometry, temporal summation of 
pain or descending pain modulation) or using single ques-
tionnaires, which may represent a limited view of mani-
festations of pain sensitisation. In fact, there are several 
clinical manifestations of sensitisation, such as spreading 
pain symptoms, sleep disturbances, pain hypervigilance, 
fear of movement (kinesiophobia) or pain catastrophic 
thoughts, which have not been consistently included as 
predictive factors in several studies. All these features 
present in individuals with knee or hip OA are central 

nervous system-derived symptoms associated with noci-
plastic pain conditions.34 While patients with nociplastic 
pain and hip OA may benefit from THR, many patients 
with nociplasticity do not improve or worsen after THR.35 
It has been observed that the presence of nociplasticity, 
that is, central nervous system hyperexcitability, predicts 
poorer outcomes after surgery.36 Furthermore, patients 
presenting with nociplastic pain also exhibit worse 
outcomes in general after TKR.37 38

Identifying preoperative predictors of poor outcomes 
after TKR or THR associated with the presence of 
nociplastic pain could alter preoperative procedures 
(including counselling of the patients) and rehabilitation 
methods. Current randomised controlled trials using 
exercise programmes postoperatively in individuals after 
TKR or THR have not accounted for the presence of 
pain mechanisms and psychosocial variables at the same 
time. Therefore, tailoring pain management strategies to 
include pain mechanisms and psychosocial variables has 
shown to enhance patient outcomes in patients with noci-
plastic pain.39 In fact, rehabilitation strategies aimed at 
improving nociplasticity, such as pain education, manual 
therapy and exercise programmes, could be multimod-
ally used to further enhance outcomes, particularly in 
those at risk for poorer outcomes.40–42

Accordingly, we plan to conduct a longitudinal cohort 
study including variables of pain sensitisation, psycholog-
ical/emotional and cognitive variables, as well as genetic 
predisposition, all manifestations of a nociplastic pain 
condition, as prognosis variables of clinical outcomes 
after TKR or THR with a follow-up period of 2 years after 
surgery. The primary aim of this 2-year longitudinal prog-
nostic cohort study is to determine which clinical, psycho-
logical and psychophysical proxies for sensitisation are 
associated to worse short-term, mid-term and long-term 
responses after a TKR or THR in people with knee or hip 
OA, considering function and pain dimensions as main 
outcomes. The secondary aim of the study will be to iden-
tify if the Val158Met polymorphism of the COMT gene 
has also an influence on the clinical response/progres-
sion and on the pain sensitisation after TKR or THR.

METHODS AND ANALYSIS
Study design
A longitudinal prognostic cohort study will be conducted. 
The participants will be evaluated before receiving TKR 
or THR and during the following follow-up periods: 3, 6, 
12, 18 and 24 months (figure 1). The study recruitment 
is planned to begin in September 2022 and to finish the 
follow-up in 2025.

Participants will be recruited from the Orthopaedic 
and Traumatological Surgery Department of the 
Hospital Universitario Fundación Alcorcón (HUFA), an 
urban hospital in Madrid (Spain). They will be assessed 
throughout the study at Department of Physical Therapy, 
Occupational Therapy, Rehabilitation and Physical 
Medicine of Universidad Rey Juan Carlos (URJC). As 
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an attempt to reduce the drop-out considering the long 
follow-up period, phone calls will be performed every 3 
months.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

Participants
A non-probabilistic sampling of consecutive cases will be 
adopted. Inclusion criteria will be patients with knee or hip 
OA recruited from the Orthopaedic and Traumatological 
Surgery Department of the HUFA who are currently in 
the hospital waiting list for knee or hip arthroplasty. The 
clinical criteria for TKR or THR will be determined by 
experts in joint replacement with 20 years of experience 
from the orthopaedic and trauma service of this hospital 
independently of the study protocol. The OA stage is clas-
sified according to the Kellgren and Lawrence radiolog-
ical levels,43 and the proposal of surgery is based on the 
clinical situation of the patient.

Exclusion criteria will be: (1) older than 75 years; 
(2) previous surgical intervention; (3) previous lower 
extremity trauma; (4) medical diagnosis of fibromyalgia; 
(5) regular consumption of opioids as painkiller or (6) 
refuse to participate in the study.

In case of revision surgery, the patients will be excluded 
from the cohort study but will be analysed separately for 
any preoperative predictors.

Postsurgical outcomes
The clinical outcomes of interest after surgery will be: 
(1) self-reported perception of change; (2) function or 
related-disability; (3) sensitisation-associated symptom-
atology and (4) presence of neuropathic pain symptoms. 

These clinical outcomes will create three different predic-
tion models as depicted in figure 1.

Prediction model 1: pain and function
This model will consider the following clinical outcomes: 
pain, function and self-perception of change. Pain inten-
sity will be assessed with an 11-point Numeric Pain Rating 
Scale (NPRS, 0–10). Participants will rate their mean pain 
intensity at rest, the most intense pain at rest and their 
pain during daily activities in the last week, and the mean 
will be used in the main analysis. The minimum clinically 
important difference (MCID) for the NPRS has been 
shown to be 1.74 in patients with chronic pain condi-
tions;44 however, the MCID for knee or hip OA has not 
yet been established. In the current study, we considered 
a change of 2 points or a 30% decrease in pain from base-
line as our MCID.45

Function will be assessed by the Spanish version of the 
Western Ontario and McMaster Universities OA Index 
(WOMAC) which assess three dimensions: pain (5 items), 
stiffness (5 items) and function (17 items).46 All items are 
scored on a scale of 0–4 (lower scores indicate lower levels 
of symptoms or physical disability). Dimensions can be 
scored separately or in a total score.47 In patients with 
OA of the lower extremities, changes from 9% to 12% of 
the baseline score can be considered as the MCID for the 
WOMAC.48 49

Self-perception of patient change will be assessed 
with a 15-point Global Rating of Change (GROC) Scale, 
ranging from −7 (a very great deal worse) to 0 (no 
change) to 7 (a very great deal better).50 Scores of +4 and 
+5 have typically been indicative of moderate changes in 
patient status.50

Patients will be classified as responders to the surgery to 
this first prediction model when changes in the NPRS or 

Figure 1  Study design: longitudinal prognostic cohort study. Patients will be assessed at baseline for all the predictor 
variables (see text) and at 3, 6, 12, 18 and 24 months after surgery for clinical (prediction model one), sensitisation-associated 
symptomatology (prediction model two) and neuropathic pain features (prediction model three).
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WOMAC surpassed the MCID and the GROC has a score 
over +4 points.

Prediction model 2: sensitisation-associated symptoms
The presence of sensitisation-associated symptoms 
will be assessed by the Spanish version of the Central 
Sensitisation Inventory (CSI).51 The CSI evaluates 25 
items related to symptoms associated with sensitisation, 
providing a score ranging from 0 to 100 points.52 Values 
above 40 points represent the presence of sensitisation-
associated symptoms.52 Patients will be classified as 
responders to the surgery to this second prediction 
model when the CSI score after surgery is lower than 40 
points.

Prediction model 3: neuropathic pain symptomatology
Neuropathic pain-like symptoms will be assessed by the 
Self-report version of the Leeds Assessment of Neuro-
pathic Symptoms and Signs (S-LANSS) and by the Pain-
DETECT.53 54 The S-LANSS assesses seven questions to 
determine the presence of neuropathic symptoms, on a 
score of 0–24 points.55 A score of ≥12 points suggests the 
presence of potential neuropathic pain features.

The PainDETECT assesses different responses to pain-
related questions during the previous 4 weeks. The Pain-
DETECT questionnaire has a score between 0 and 38 
points, where >18 points suggest features of likely neuro-
pathic origin, and scores ranging between 12 and 18 
points suggest ambiguous neuropathic pain origin.54

Patients will be classified as responders to the surgery 
to this third prediction model when the S-LANSS score is 
<12 points, and the PainDETECT score is also <18 points 
after surgery at each follow-up.

Predictor variables
Clinical variables
Individual and clinical data collection will include age, 
sex, height, weight, years with symptoms, affected side 
and Kellgren and Lawrence radiological level (collected 
from medical records). Pain localisation and extent will 
be registered by body maps using the software Inkscape 
(V.0.91). Four digital body charts (ventral and dorsal 
lower quadrant as well as both sides views) representing 
the female/male human body will be provided to all 
participants. Patients will be instructed to complete a pain 
drawing by shading, with a red pencil, their pain symp-
toms (figure 2). We asked for shading the distribution of 
their pain symptoms as accurately as possible regardless 
of their intensity and their type avoiding the use of circle 
outlines or cross-marks. The reliability of this procedure 
has been previously confirmed.56

For pain intensity, the participants will rate their mean 
pain intensity at rest, the most intense pain at rest and 
their pain during daily activities in the last week using 
the 11-point NPRS, and a mean score will be calculated. 
Function will be assessed by the WOMAC questionnaire 
as previously described in the first model.46

Health-related quality of life
To assess general health status, the SF-12 questionnaire, 
a reduced version of the SF-36, will be used.57 The SF-12 
total score ranges from 0 to 100, higher values corre-
sponding to higher perceived quality of life. The ques-
tionnaire contemplates the same eight domains as the 
SF-36 but is grouped into physical and mental compo-
nents and has shown good psychometric properties.58 59

The EuroQol-5D questionnaire will be also used to 
measure health-related quality of life, being expressed 
in terms of utility.60 61 EuroQol-5D scores from 0 to 100, 
0 point represents the worst possible health status, while 
100 points represent the best possible health status. 
Responses will be converted into a single index number 
between 0 (death) and 1 (optimal health), by applying 
crosswalk index values for Spain life.62 The EuroQol-5D 
has been found to be equally valid and reliable as the 
WOMAC in knee OA.63

Psychological and cognitive variables
The variables within the psychological/cognitive domain 
that will be assessed are symptoms of anxiety and 
depression, hypervigilance, pain catastrophising and 
kinesiophobia.

Anxiety and depressive symptoms will be assessed with 
the Hospital Anxiety and Depression Scale. It is a 14-item 
self-reported questionnaire, composed of 7 items related 
to anxiety and 7 items related to depression symptoms.64 65 
The total score of each scale ranges from 0 to 21 points 
where higher values represent more anxiety or depressive 
levels.

Pain hypervigilance will be assessed by the Pain Vigi-
lance and Awareness Questionnaire.66 The Spanish 
version is composed of nine items, with responses ranging 
from 0 (never) to 5 points (always). This version presented 
appropriate validity.67

Pain catastrophising will be assessed by the Pain Cata-
strophisation Scale, which is a 13-item self-reported scale 
with three dimensions (rumination, magnification and 
helplessness).68 69 The items describe different thoughts 

Figure 2  Digital body charts used for evaluating pain extent.
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and feelings that individuals may experience when they 
are in pain. The total score ranges from 0 to 52 points.69

Kinesiophobia levels, that is, fear to motion, will be 
assessed by the shortened version of the Tampa Kinesio-
phobia Scale (TKS-11) that is composed of 11 items to be 
answered on a scale from 1 (totally disagree) to 4 (totally 
agree), with scores ranging from 11 to 44 points. Items 
are related to the fear of movement or fear of (re)injury 
during movement. The TKS-11 have shown appropriated 
structure for assessing fear to motion in both acute and 
chronic pain conditions in Spanish population.70

Self-reported variables related to sensitisation
The following self-reported questionnaires assessing 
symptoms associated with sensitisation will be assessed: 
S-LANSS, PainDETECT, CSI and Pittsburgh Sleep Quality 
Index. The S-LANSS and PainDETECT will be used 
to assess symptoms of neuropathic pain as previously 
explained in the first model section.

The CSI assesses the presence of 25 associated symp-
toms of central sensitisation with scores ranging from 0 to 
100 point.51 52 A score >40 points suggests the presence of 
sensitisation-associated symptoms.52

The Pittsburgh Sleep Quality Index will assess the sleep 
quality in the previous month.71 It is composed of 19 self-
reported items that generate 7 components. The global 
score ranges from 0 to 21 points; the higher score indi-
cates worse sleep quality.71

Psychophysical outcomes: pressure pain thresholds
Pressure pain thresholds (PPT) will be assessed bilater-
ally nearby the affected joint and also remote areas with 
an electronic algometer (Somedic AB, Farsta, Sweden). 
The pressure will be applied perpendicularly to the point 
at a rate of approximately 30 kPa/s. Three repetitions of 
each point assessment will be registered with 30 s interval 
between them to avoid temporal summation.

For patients with knee OA, PPT will be calculated over 
eight test points around the peripatellar region: point 1: 
2 cm distal to the inferior medial edge of patella; point 2: 
2 cm distal to the inferior lateral edge of patella; point 3: 
3 cm lateral to the midpoint on the lateral edge of patella; 
point 4: 2 cm proximal to the superior lateral edge of 
patella; point 5: 2 cm proximal to the superior edge of 
patella; point 6: 2 cm proximal to the superior medial 
edge of patella; point 7: 3 cm medial to the midpoint on 
the medial edge of patella; point 8: at centre of patella 
(figure  3).72 Furthermore, PPTs over the tibialis ante-
rior (5 cm distal to the tibial tuberosity) and the dorsal 
forearm (5 cm distal to lateral epicondyle of humerus) 
will be used as remote areas.

For patients with hip OA, the pressure will be applied 
on the following three point around the joint: point 1: 
anterior to the joint, at the tensor fasciae latae muscle; 
point 2: lateral to the joint, at the gluteus medius muscle; 
point 3: posterior to the joint, at the gluteus maximus 
muscle (figure  4). The same points at the tibialis ante-
rior (5 cm distal to the tibial tuberosity) and at the dorsal 

forearm (5 cm distal to lateral epicondyle of humerus) 
will be used as remote areas.73

Epigenetics: Val158Met polymorphism of the COMT gene
Non-stimulated whole-saliva samples will be collected 
during 5 min into collection tubes (passive drooling 
technique) according to standardised procedures. We 
decided to collect saliva instead of blood since the sali-
vary collection is a non-invasive, stress-free assessment to 
collect the data of interest. The volume of saliva secreted 
will be measured using a 200–1000 µL micropipette. 
The samples will be centrifuged at 3000 revolutions per 

Figure 3  Pressure pain sensitivity map over around the 
peripatellar region (based on Arendt-Nielsen et al72).

Figure 4  Points of assessment of pressure pain sensitivity 
around the hip region.
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minute for 15 min and then the supernatant and the 
precipitate (cells for DNA extraction) will be aliquoted 
into Eppendorf tubes. The supernatant will be stored 
at −80°C and the pellet at −20°C. From the precipitate 
samples, genomic DNA extraction and purification will 
be performed using the REALPURE ‘SSS’ kit (Genomic 
DNA Extraction-Purification Kit), from which the 
Val158Met polymorphisms will be determined by means 
of TaqMan probes in a Real-Time PCR system (TaqMan 
Drug Metabolism Genotyping Assays on a Real-Time PCR 
ABI Prism 7000 Sequence Detection System), carried out 
by the Technological Support Centre of the URJC. The 
Val158Met polymorphism will be determined by the anal-
ysis of an adenine to guanine change in the sequence: ​
CCAG​CGGA​TGGT​GGAT​TTCG​CTGGC [A/G] ​TGAA​
GGAC​AAGG​TGTG​CATG​CCTGA.

Surgical procedure
Total knee or hip replacement will be performed by expert 
orthopaedic surgeons according to protocols used in the 
Orthopaedic and Traumatological Surgery Department 
of the HUFA, Spain. Surgeries will be performed under 
spinal (epidural)/general anaesthesia depending on the 
patient’s features according to standardised protocols. All 
patients will receive 3 weeks of face-to-face rehabilitation, 
mainly consisting of motion of the knee; manual move-
ment of the knee by the therapist; isometric quadriceps 
exercises and assisted exercises (active knee flexion and 
extension and progressive muscle strengthening ceremo-
nies); gait training and transfer; and training on stairs, 
ramps and obstacles.

Sample size calculation
Two different sample size calculations were conducted; 
the first one focused on differences in pain/function 
between responders and non-responders (prediction 
model one) and the second one based on the multivar-
iate analysis for identifying risk factors. The first power 
analysis revealed that to detect a 2-point NPRS difference 
in pain level, to detect a 10% difference from the baseline 
score for the WOMAC score and to detect a 2-point differ-
ence in satisfaction with an 80% power, using a two-sided 
hypothesis test at an alpha level of 0.05, the total sample 
size needed would be 205 subjects.

An alternative sample size calculation according to the 
multiple linear regression model (GPower 3.1 software), 
estimating a mean effect size of 0.15, an alpha level 0.05, 
a power of 0.9 and the presence of four predictors, the 
sample size required would be 108 subjects. To increase 
the power of the study, we will include the highest sample 
estimated (n=205 patients on each group). In addition, 
considering a potential lost to follow-up of 20% due to 
the 2-year follow-up period, we will finally include 250 
patients with knee OA and 250 patients with hip OA.

Statistical analysis proposal
Descriptive analyses will be based on the frequencies and 
percentages for categorical variables and the mean and 

SD for continuous variables. Participants will be strati-
fied as responder and non-responders according to each 
cut-off determined on each model at each follow-up: 3, 
6, 12, 18 and 24 months after surgery. Differences in all 
the postsurgical outcomes between responders and non-
responders at each follow-up period (3, 6, 12, 18 and 
24 months after surgery) will be assessed with Student’s 
t-test for continuous variables and χ2/Fisher’s exact tests 
for categorical variables.

Correlation analyses will be conducted used to evaluate 
the association between baseline predictor variables and 
change scores in all postsurgical variables. Finally, to iden-
tify independent predictors among the variables assessed 
before surgery for being responder or non-responder at 
each follow-up period after surgery, multivariate logistic 
regression analyses will be used independently for each 
model, and their adjusted OR with 95% CI will be calcu-
lated. Therefore, distinct linear regression models will be 
performed to verify which clinical, psychological and/
or psychophysical variable, as well as epigenetic contri-
bution, collected before the surgery, could predict: (1) 
pain and function; (2) sensitisation associated symptoms, 
according to CSI scores and (3) neuropathic pain symp-
tomatology, according to S-LANSS and PainDETECT 
scores (as described previously).

Ethics and dissemination
This project was approved by the local Ethics Committee 
of both institutions involved (HUFA 19–141 and URJC 
0312201917319). All participants will receive informed 
consent in accordance with current legislation and should 
sign before their enrolment in the study. All procedures 
in this study will follow the ethical standards of the Decla-
ration of Helsinki. The confidentiality of the data of all 
the participants will be guaranteed in accordance with 
the local legislation. Study findings will be submitted to 
be published in peer-reviewed scientific journals and will 
be presented at international meetings.

Limitations of the study
The main limitation of the current protocol is the poten-
tial loss due to the large follow-up. To avoid this loss to 
follow-up period, phone calls every 3 months to main-
tain the contact and to remember their participation are 
planned to attenuate the dropout rate. Nevertheless, we 
expected a potential loss of 20% during the follow-up 
period. As the cohort consists of elderly people, other 
comorbid conditions may develop during the 2-year 
period and act as a confounding factor. The use of anal-
gesics is a factor which cannot be controlled for and may 
introduce some bias in the outcomes.

Author affiliations
1Department of Physical Therapy, Occupational Therapy, Physical Medicine and 
Rehabilitation, Universidad Rey Juan Carlos (URJC), Madrid, Spain
2Department Psychology, Universidad Rey Juan Carlos, Alcorcon, Madrid, Spain
3Department of Health Science and Technology, Aalborg University, Aalborg, 
Denmark

copyright.
 on January 23, 2023 at A

alborg U
niversity Library. P

rotected by
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-066745 on 19 January 2023. D

ow
nloaded from

 

http://bmjopen.bmj.com/


7Florencio LL, et al. BMJ Open 2023;13:e066745. doi:10.1136/bmjopen-2022-066745

Open access

Contributors  LLF, LAN and CFdlP constructed the protocol and study design. LLF, 
MPC and SFN made the first draft of this manuscript. ROS and JLAB contributed 
with statistical advice and study design. AIdlLR, SAQ and MCM contributed with a 
thorough evaluation of the design, method and manuscript. All authors accepted the 
final manuscript version.

Funding  The study will be funded by a research project grant (FIS PI20/00310) 
from the Health Institute Carlos III and PN I+D+I 2017-2020, Spanish Government 
and by the Center for Neuroplasticity and Pain - CNAP (DNRF121) at Aalborg 
University (Denmark). This study will likewise be supported by The Danish 
Rheumatic Association is acknowledged for the support (grant #R204-A7645). 
Sponsors had no role in the design, management, analysis, draft, review, or 
approval of the manuscript or its content. The authors are responsible for the 
decision to submit the manuscript for publication, and the sponsor did not 
participate in this decision.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Lidiane L Florencio http://orcid.org/0000-0003-3290-3661
José L Arias-Buría http://orcid.org/0000-0001-8548-4427

REFERENCES
	 1	 Long H, Liu Q, Yin H, et al. Prevalence trends of site-specific 

osteoarthritis from 1990 to 2019: findings from the global burden of 
disease study 2019. Arthritis Rheumatol 2022;74:1172–83.

	 2	 Harden NR, Bruehl S, Stanos S, et al. Prospective examination of 
pain-related and psychological predictors of CRPS-like phenomena 
following total knee arthroplasty: a preliminary study. Pain 
2003;106:393–400.

	 3	 Judge A, Cooper C, Williams S, et al. Patient-Reported outcomes 
one year after primary hip replacement in a European collaborative 
cohort. Arthritis Care Res 2010;62:480–8.

	 4	 Singh JA, Yu S, Chen L, et al. Rates of total joint replacement in the 
United States: future projections to 2020-2040 using the National 
inpatient sample. J Rheumatol 2019;46:1134–40.

	 5	 Heath EL, Ackerman IN, Cashman K, et al. Patient-reported 
outcomes after hip and knee arthroplasty : results from a large 
national registry. Bone Jt Open 2021;2:422–32.

	 6	 Lau RL, Gandhi R, Mahomed S, et al. Patient satisfaction after total 
knee and hip arthroplasty. Clin Geriatr Med 2012;28:349–65.

	 7	 Baker PN, van der Meulen JH, Lewsey J, et al. The role of pain 
and function in determining patient satisfaction after total knee 
replacement. data from the National joint Registry for England and 
Wales. J Bone Joint Surg Br 2007;89:893–900.

	 8	 Bonnin MP, Basiglini L, Archbold HAP. What are the factors of 
residual pain after uncomplicated TKA? Knee Surg Sports Traumatol 
Arthrosc 2011;19:1411–7.

	 9	 Scott CEH, Howie CR, MacDonald D, et al. Predicting dissatisfaction 
following total knee replacement: a prospective study of 1217 
patients. J Bone Joint Surg Br 2010;92:1253–8.

	10	 Tilbury C, Haanstra TM, Leichtenberg CS, et al. Unfulfilled 
expectations after total hip and knee arthroplasty surgery: there is a 
need for better preoperative patient information and education.  
J Arthroplasty 2016;31:2139–45.

	11	 Tilbury C, Haanstra TM, Verdegaal SHM, et al. Patients' pre-operative 
general and specific outcome expectations predict postoperative 
pain and function after total knee and total hip arthroplasties. Scand 
J Pain 2018;18:457–66.

	12	 Kim MS, Koh IJ, Sohn S, et al. Central sensitization is a risk 
factor for persistent postoperative pain and dissatisfaction in 
patients undergoing revision total knee arthroplasty. J Arthroplasty 
2019;34:1740–8.

	13	 Petersen KK, Vaegter HB, Stubhaug A, et al. The predictive value 
of quantitative sensory testing: a systematic review on chronic 
postoperative pain and the analgesic effect of pharmacological 
therapies in patients with chronic pain. Pain 2021;162:31–44.

	14	 Kim MS, Kim JJ, Kang KH, et al. Diagnosis of central sensitization 
and its effects on postoperative outcomes following total knee 
arthroplasty: a systematic review and meta-analysis. Diagnostics 
2022;12:1248.

	15	 Kurien T, Arendt-Nielsen L, Petersen KK, et al. Preoperative 
neuropathic pain-like symptoms and central pain mechanisms in 
knee osteoarthritis predicts poor outcome 6 months after total knee 
replacement surgery. J Pain 2018;19:1329–41.

	16	 Wylde V, Sayers A, Lenguerrand E, et al. Preoperative widespread 
pain sensitization and chronic pain after hip and knee replacement: a 
cohort analysis. Pain 2015;156:47–54.

	17	 Wylde V, Sayers A, Odutola A, et al. Central sensitization as a 
determinant of patients' benefit from total hip and knee replacement. 
Eur J Pain 2017;21:357–65.

	18	 Leung YY, Lim Z, Fan Q, et al. Pre-Operative pressure pain 
thresholds do not meaningfully explain satisfaction or improvement 
in pain after knee replacement: a cohort study. Osteoarthritis 
Cartilage 2019;27:49–58.

	19	 Forsythe ME, Dunbar MJ, Hennigar AW, et al. Prospective 
relation between catastrophizing and residual pain following knee 
arthroplasty: two-year follow-up. Pain Res Manag 2008;13:335–41.

	20	 Larsen DB, Laursen M, Edwards RR, et al. The combination 
of preoperative pain, conditioned pain modulation, and pain 
catastrophizing predicts postoperative pain 12 months after total 
knee arthroplasty. Pain Med 2021;22:1583–90.

	21	 Riddle DL, Wade JB, Jiranek WA, et al. Preoperative pain 
catastrophizing predicts pain outcome after knee arthroplasty. Clin 
Orthop Relat Res 2010;468:798–806.

	22	 Brown OS, Hu L, Demetriou C, et al. The effects of kinesiophobia on 
outcome following total knee replacement: a systematic review. Arch 
Orthop Trauma Surg 2020;140:2057–70.

	23	 Wood TJ, Gazendam AM, Kabali CB, et al. Postoperative 
outcomes following total hip and knee arthroplasty in patients 
with pain catastrophizing, anxiety, or depression. J Arthroplasty 
2021;36:1908–14.

	24	 Bletterman AN, de Geest-Vrolijk ME, Vriezekolk JE, et al. 
Preoperative psychosocial factors predicting patient's functional 
recovery after total knee or total hip arthroplasty: a systematic 
review. Clin Rehabil 2018;32:512–25.

	25	 Tammimäki A, Männistö PT. Catechol-O-Methyltransferase gene 
polymorphism and chronic human pain: a systematic review and 
meta-analysis. Pharmacogenet Genomics 2012;22:673–91.

	26	 Fernández-de-Las-Peñas C, Ambite-Quesada S, Gil-Crujera A, et al. 
Catechol-O-Methyltransferase Val158Met polymorphism influences 
anxiety, depression, and disability, but not pressure pain sensitivity, 
in women with fibromyalgia syndrome. J Pain 2012;13:1068–74.

	27	 Fernández-de-las-Peñas C, Ambite-Quesada S, Ortega-Santiago 
R. Catechol-O-Methyltransferase Val158Met polymorphism is 
associated with pain and disability, but not widespread pressure pain 
sensitivity, in women with carpal tunnel syndrome. Pain Physician 
2013;16:591–600.

	28	 Fernández-de-Las-Peñas C, Ambite-Quesada S, Palacios-Ceña 
M, et al. Catechol-O-Methyltransferase (COMT) rs4680 Val158Met 
polymorphism is associated with widespread pressure pain 
sensitivity and depression in women with chronic, but not episodic, 
tension-type headache. Clin J Pain 2019;35:345–52.

	29	 Fernández-de-Las-Peñas C, Ambite-Quesada S, Florencio LL, 
et al. Catechol-O-Methyltransferase Val158Met polymorphism is 
associated with anxiety, depression, and widespread pressure pain 
sensitivity in women with chronic, but not episodic, migraine. Pain 
Med 2019;20:1409–17.

	30	 van Meurs JBJ, Uitterlinden AG, Stolk L, et al. A functional 
polymorphism in the catechol-O-methyltransferase gene is 
associated with osteoarthritis-related pain. Arthritis Rheum 
2009;60:628–9.

	31	 Neogi T, Soni A, Doherty SA, et al. Contribution of the COMT 
Val158Met variant to symptomatic knee osteoarthritis. Ann Rheum 
Dis 2014;73:315–7.

	32	 Rice DA, Kluger MT, McNair PJ, et al. Persistent postoperative pain 
after total knee arthroplasty: a prospective cohort study of potential 
risk factors. Br J Anaesth 2018;121:804–12.

	33	 Machoy-Mokrzyńska A, Starzyńska-Sadura Z, Dziedziejko V, et al. 
Association of COMT gene variability with pain intensity in patients 
after total hip replacement. Scand J Clin Lab Invest 2019;79:202–7.

	34	 Fitzcharles M-A, Cohen SP, Clauw DJ, et al. Nociplastic pain: 
towards an understanding of prevalent pain conditions. Lancet 
2021;397:2098–110.

copyright.
 on January 23, 2023 at A

alborg U
niversity Library. P

rotected by
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-066745 on 19 January 2023. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3290-3661
http://orcid.org/0000-0001-8548-4427
http://dx.doi.org/10.1002/art.42089
http://dx.doi.org/10.1016/j.pain.2003.08.009
http://dx.doi.org/10.1002/acr.20038
http://dx.doi.org/10.3899/jrheum.170990
http://dx.doi.org/10.1302/2633-1462.26.BJO-2021-0053.R1
http://dx.doi.org/10.1016/j.cger.2012.05.001
http://dx.doi.org/10.1302/0301-620X.89B7.19091
http://dx.doi.org/10.1007/s00167-011-1549-2
http://dx.doi.org/10.1007/s00167-011-1549-2
http://dx.doi.org/10.1302/0301-620X.92B9.24394
http://dx.doi.org/10.1016/j.arth.2016.02.061
http://dx.doi.org/10.1016/j.arth.2016.02.061
http://dx.doi.org/10.1515/sjpain-2018-0022
http://dx.doi.org/10.1515/sjpain-2018-0022
http://dx.doi.org/10.1016/j.arth.2019.03.042
http://dx.doi.org/10.1097/j.pain.0000000000002019
http://dx.doi.org/10.3390/diagnostics12051248
http://dx.doi.org/10.1016/j.jpain.2018.05.011
http://dx.doi.org/10.1016/j.pain.0000000000000002
http://dx.doi.org/10.1002/ejp.929
http://dx.doi.org/10.1016/j.joca.2018.09.003
http://dx.doi.org/10.1016/j.joca.2018.09.003
http://dx.doi.org/10.1155/2008/730951
http://dx.doi.org/10.1093/pm/pnaa402
http://dx.doi.org/10.1007/s11999-009-0963-y
http://dx.doi.org/10.1007/s11999-009-0963-y
http://dx.doi.org/10.1007/s00402-020-03582-5
http://dx.doi.org/10.1007/s00402-020-03582-5
http://dx.doi.org/10.1016/j.arth.2021.02.018
http://dx.doi.org/10.1177/0269215517730669
http://dx.doi.org/10.1097/FPC.0b013e3283560c46
http://dx.doi.org/10.1016/j.jpain.2012.08.001
http://dx.doi.org/10.1097/AJP.0000000000000684
http://dx.doi.org/10.1093/pm/pny237
http://dx.doi.org/10.1093/pm/pny237
http://dx.doi.org/10.1002/art.24175
http://dx.doi.org/10.1136/annrheumdis-2013-203836
http://dx.doi.org/10.1136/annrheumdis-2013-203836
http://dx.doi.org/10.1016/j.bja.2018.05.070
http://dx.doi.org/10.1080/00365513.2019.1576920
http://dx.doi.org/10.1016/S0140-6736(21)00392-5
http://bmjopen.bmj.com/


8 Florencio LL, et al. BMJ Open 2023;13:e066745. doi:10.1136/bmjopen-2022-066745

Open access�

	35	 Schrepf A, Moser S, Harte SE, et al. Top down or bottom up? 
an observational investigation of improvement in fibromyalgia 
symptoms following hip and knee replacement. Rheumatology 
2020;59:594–602.

	36	 Sangesland A, Støren C, Vaegter HB. Are preoperative experimental 
pain assessments correlated with clinical pain outcomes after 
surgery? A systematic review. Scand J Pain 2017;15:44–52.

	37	 Perruccio AV, Power JD, Evans HMK, et al. Multiple joint involvement 
in total knee replacement for osteoarthritis: effects on patient-
reported outcomes. Arthritis Care Res 2012;64:838–46.

	38	 Arendt-Nielsen L, Simonsen O, Laursen MB, et al. Pain and 
sensitization after total knee replacement or nonsurgical treatment in 
patients with knee osteoarthritis: Identifying potential predictors of 
outcome at 12 months. Eur J Pain 2018;22:1088–102.

	39	 Ferro Moura Franco K, Lenoir D, Dos Santos Franco YR, et al. 
Prescription of exercises for the treatment of chronic pain along 
the continuum of nociplastic pain: a systematic review with meta-
analysis. Eur J Pain 2021;25:51–70.

	40	 Belavy DL, Van Oosterwijck J, Clarkson M, et al. Pain sensitivity is 
reduced by exercise training: evidence from a systematic review and 
meta-analysis. Neurosci Biobehav Rev 2021;120:100–8.

	41	 Kamonseki DH, Christenson P, Rezvanifar SC, et al. Effects of manual 
therapy on fear avoidance, kinesiophobia and pain catastrophizing in 
individuals with chronic musculoskeletal pain: systematic review and 
meta-analysis. Musculoskelet Sci Pract 2021;51:102311.

	42	 Siddall B, Ram A, Jones MD, et al. Short-Term impact of 
combining pain neuroscience education with exercise for chronic 
musculoskeletal pain: a systematic review and meta-analysis. Pain 
2022;163:e20–30.

	43	 Kellgren JH, Lawrence JS. Radiological assessment of osteo-
arthrosis. Ann Rheum Dis 1957;16:494–502.

	44	 Farrar JT, Young JP, LaMoreaux L, et al. Clinical importance of 
changes in chronic pain intensity measured on an 11-point numerical 
pain rating scale. Pain 2001;94:149–58.

	45	 Salaffi F, Stancati A, Silvestri CA, et al. Minimal clinically important 
changes in chronic musculoskeletal pain intensity measured on a 
numerical rating scale. Eur J Pain 2004;8:283–91.

	46	 Escobar A, Quintana JM, Bilbao A, et al. Validation of the Spanish 
version of the WOMAC questionnaire for patients with hip or 
knee osteoarthritis. Western Ontario and McMaster universities 
osteoarthritis index. Clin Rheumatol 2002;21:466–71.

	47	 McConnell S, Kolopack P, Davis AM. The Western Ontario and 
McMaster universities osteoarthritis index (WOMAC): a review of its 
utility and measurement properties. Arthritis Rheum 2001;45:453–61.

	48	 Angst F, Aeschlimann A, Stucki G. Smallest detectable and minimal 
clinically important differences of rehabilitation intervention with their 
implications for required sample sizes using WOMAC and SF-36 
quality of life measurement instruments in patients with osteoarthritis 
of the lower extremities. Arthritis Rheum 2001;45:384–91.

	49	 Williams VJ, Piva SR, Irrgang JJ, et al. Comparison of reliability 
and responsiveness of patient-reported clinical outcome measures 
in knee osteoarthritis rehabilitation. J Orthop Sports Phys Ther 
2012;42:716–23.

	50	 Wyrwich KW, Tierney WM, Wolinsky FD. Further evidence 
supporting an SEM-based criterion for identifying meaningful intra-
individual changes in health-related quality of life. J Clin Epidemiol 
1999;52:861–73.

	51	 Cuesta-Vargas AI, Roldan-Jimenez C, Neblett R, et al. Cross-Cultural 
adaptation and validity of the Spanish central sensitization inventory. 
Springerplus 2016;5:5.

	52	 Neblett R, Cohen H, Choi Y, et al. The central sensitization inventory 
(CsI): establishing clinically significant values for identifying central 
sensitivity syndromes in an outpatient chronic pain sample. J Pain 
2013;14:438–45.

	53	 Bennett MI, Smith BH, Torrance N, et al. The S-LANSS score for 
identifying pain of predominantly neuropathic origin: validation for 
use in clinical and postal research. J Pain 2005;6:149–58.

	54	 Freynhagen R, Baron R, Gockel U, et al. painDETECT: a new 
screening questionnaire to identify neuropathic components in 
patients with back pain. Curr Med Res Opin 2006;22:1911–20.

	55	 López-de-Uralde-Villanueva I, Gil-Martínez A, Candelas-Fernández 
P, et al. Validity and reliability of the Spanish-language version of the 
self-administered Leeds assessment of neuropathic symptoms and 
signs (S-LANSS) pain scale. Neurologia 2018;33:505–14.

	56	 Barbero M, Moresi F, Leoni D, et al. Test-Retest reliability of pain 
extent and pain location using a novel method for pain drawing 
analysis. Eur J Pain 2015;19:1129–38.

	57	 Ware J, Kosinski M, Keller SD. A 12-Item short-form health survey: 
construction of scales and preliminary tests of reliability and validity. 
Med Care 1996;34:220–33.

	58	 WareJEJr, Kosinski M, Turner-Bowker DM. User’s Manual for the SF-
12v2 Health Survey with a Supplement Documenting SF-12 Health 
Survey. Lincoln, RI: QualityMetric Incorporated, 2002.

	59	 Gandhi SK, Salmon JW, Zhao SZ, et al. Psychometric evaluation of 
the 12-Item short-form health survey (SF-12) in osteoarthritis and 
rheumatoid arthritis clinical trials. Clin Ther 2001;23:1080–98.

	60	 Dolan P. Modeling valuations for EuroQol health states. Med Care 
1997;35:1095–108.

	61	 EuroQol Group. EuroQol--a new facility for the measurement of 
health-related quality of life. Health Policy 1990;16:199–208.

	62	 van Hout B, Janssen MF, Feng Y-S, et al. Interim scoring for the EQ-
5D-5L: mapping the EQ-5D-5L to EQ-5D-3L value sets. Value Health 
2012;15:708–15.

	63	 Fransen M, Edmonds J. Reliability and validity of the EuroQol 
in patients with osteoarthritis of the knee. Rheumatology 
1999;38:807–13.

	64	 Zigmond AS, Snaith RP. The hospital anxiety and depression scale. 
Acta Psychiatr Scand 1983;67:361–70.

	65	 Herrmann-Lingen C, Buss U, Snaith RP. Depression Scale - Deutsche 
Version (HADS-D) Verlag. Bern: Hans Huber, 2011.

	66	 Roelofs J, Peters ML, McCracken L, et al. The pain vigilance 
and awareness questionnaire (PVAQ): further psychometric 
evaluation in fibromyalgia and other chronic pain syndromes. Pain 
2003;101:299–306.

	67	 Pilar Martínez M, Miró E, Sánchez AI, et al. Spanish version of 
the pain vigilance and awareness questionnaire: psychometric 
properties in a sample of women with fibromyalgia. Span J Psychol 
2015;17:E105.

	68	 Sullivan MJL, Bishop SR, Pivik J. The pain Catastrophizing scale: 
development and validation. Psychol Assess 1995;7:524–32.

	69	 García Campayo J, Rodero B, Alda M, et al. [Validation of the 
Spanish version of the Pain Catastrophizing Scale in fibromyalgia]. 
Med Clin 2008;131:487–92.

	70	 Gómez-Pérez L, López-Martínez AE, Ruiz-Párraga GT. Psychometric 
properties of the Spanish version of the Tampa scale for 
Kinesiophobia (TSK). J Pain 2011;12:425–35.

	71	 Buysse DJ, Reynolds CF, Monk TH, et al. The Pittsburgh sleep 
quality index: a new instrument for psychiatric practice and research. 
Psychiatry Res 1989;28:193–213.

	72	 Arendt-Nielsen L, Nie H, Laursen MB, et al. Sensitization in patients 
with painful knee osteoarthritis. Pain 2010;149:573–81.

	73	 Aranda-Villalobos P, Fernández-de-las-Peñas C, Navarro-Espigares 
J. Normalization of widespread pressure pain hypersensitivity 
in patient with hip osteoarthritis after total hip replacement is 
associated with clinical and functional improvements. Arthritis 
Rheum 2013;65:1262–70.

copyright.
 on January 23, 2023 at A

alborg U
niversity Library. P

rotected by
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-066745 on 19 January 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1093/rheumatology/kez303
http://dx.doi.org/10.1016/j.sjpain.2016.12.002
http://dx.doi.org/10.1002/acr.21629
http://dx.doi.org/10.1002/ejp.1193
http://dx.doi.org/10.1002/ejp.1666
http://dx.doi.org/10.1016/j.neubiorev.2020.11.012
http://dx.doi.org/10.1016/j.msksp.2020.102311
http://dx.doi.org/10.1097/j.pain.0000000000002308
http://dx.doi.org/10.1136/ard.16.4.494
http://dx.doi.org/10.1016/S0304-3959(01)00349-9
http://dx.doi.org/10.1016/j.ejpain.2003.09.004
http://dx.doi.org/10.1007/s100670200117
http://dx.doi.org/10.1002/1529-0131(200110)45:5<453::AID-ART365>3.0.CO;2-W
http://dx.doi.org/10.1002/1529-0131(200108)45:4<384::AID-ART352>3.0.CO;2-0
http://dx.doi.org/10.2519/jospt.2012.4038
http://dx.doi.org/10.1016/S0895-4356(99)00071-2
http://dx.doi.org/10.1186/s40064-016-3515-4
http://dx.doi.org/10.1016/j.jpain.2012.11.012
http://dx.doi.org/10.1016/j.jpain.2004.11.007
http://dx.doi.org/10.1185/030079906X132488
http://dx.doi.org/10.1016/j.nrleng.2016.10.003
http://dx.doi.org/10.1002/ejp.636
http://dx.doi.org/10.1097/00005650-199603000-00003
http://dx.doi.org/10.1016/S0149-2918(01)80093-X
http://dx.doi.org/10.1097/00005650-199711000-00002
http://dx.doi.org/10.1016/0168-8510(90)90421-9
http://dx.doi.org/10.1016/j.jval.2012.02.008
http://dx.doi.org/10.1093/rheumatology/38.9.807
http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://dx.doi.org/10.1016/S0304-3959(02)00338-X
http://dx.doi.org/10.1017/sjp.2014.108
http://dx.doi.org/10.1037/1040-3590.7.4.524
http://dx.doi.org/10.1157/13127277
http://dx.doi.org/10.1016/j.jpain.2010.08.004
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://dx.doi.org/10.1016/j.pain.2010.04.003
http://dx.doi.org/10.1002/art.37884
http://dx.doi.org/10.1002/art.37884
http://bmjopen.bmj.com/

	Multidimensional evaluation of the pain profile as prognostic factor in individuals with hip or knee osteoarthritis receiving total joint replacement: protocol of a 2-­year longitudinal prognostic cohort study
	Abstract
	Introduction﻿﻿
	Methods and analysis
	Study design
	Patient and public involvement
	Participants
	Postsurgical outcomes
	Prediction model 1: pain and function
	Prediction model 2: sensitisation-associated symptoms
	Prediction model 3: neuropathic pain symptomatology
	Predictor variables
	Clinical variables
	Health-related quality of life
	Psychological and cognitive variables
	Self-reported variables related to sensitisation
	Psychophysical outcomes: pressure pain thresholds

	Epigenetics: Val158Met polymorphism of the COMT gene
	Surgical procedure
	Sample size calculation
	Statistical analysis proposal
	Ethics and dissemination
	Limitations of the study

	References


