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AIC: Akaike’s information criterion
BIC: Bayesian information criterion
BMI: body mass index
BPI-SF: brief pain inventory – short form
BRD: body representation disturbance
CDT: cold detection threshold
CPT: cold pain threshold
CRPS: complex regional pain syndrome
CSQ: coping strategies questionnaire
CSS: CRPS severity score
DFNS: German Research Network on Neuropathic Pain
DMA: dynamic mechanical allodynia
EQ: EuroQol
EQ-5D-5L: EuroQol – 5 dimensions – 5 levels
GSRH: general self-rated health
HADS: hospital anxiety depression scale
HPT: heat pain threshold
LCA: latent class analysis
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 MPT: mechanical pain threshold
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PHS: paradoxical heat sensation
PPT: pressure pain threshold
PSS: point of subjective simultaneity
QST: quantitative sensory testing
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SD: standard deviation
SSQ6: social support questionnaire-short form
TOJ: temporal order judgement task
TSK-11: Tampa scale for kinesiophobia-11
TSL: thermal sensory limen
UE: upper extremity
VAS: visual analog scale
VDT: vibration detection threshold
VIF: variance inflation factor
VLMR-LRT: Vuong-Lo-Mendell-Rubin likelihood-ratio test
WDT: warm detection threshold
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Abstract
Background: Complex regional pain syndrome (CRPS) is a debilitating condition characterized by significant heterogeneity.  Early diagnosis is critical, but limited data exists on the condition's early stages. This study aimed to characterize (very) early CRPS patients and explore potential subgroups to enhance understanding of its mechanisms.
Methods: A total of 113 early CRPS patients were recruited, with 89 undergoing physical assessments. Data included demographic information, work-related factors, CRPS history and clinical features, body perception disturbances, quantitative sensory testing (QST), and a visuospatial attention task.
Results: QST identified deficits in detecting thermal and mechanical stimuli, alongside increased sensitivity to thermal and blunt pressure painful stimuli. Participants reported body perception disturbances similar to those of persistent CRPS. Visuospatial biases were observed in two subgroups of patients. Latent class analysis (LCA) of 85 participants, based on five clinical parameters, identified four profiles: Mild, Moderate, Body Representation Disturbance (BRD), and Pressure Allodynia CRPS. The Mild and Moderate profiles were associated with higher-intensity trauma, with the latter showing worse outcomes. BRD and Pressure Allodynia CRPS followed mild trauma but exhibited the poorest outcomes. BRD CRPS displayed significant body perception disturbances, while Pressure Allodynia CRPS presented the highest sensitivity to pressure and psychosocial risk of chronification. Neither condition duration nor skin temperature effectively distinguished subgroups.
Conclusions: these findings emphasize the heterogeneity within (very) early CRPS patients and support the absence of minimum required duration prior to the CRPS diagnosis. Central/systemic mechanisms may play critical roles in severe cases.
Significance (sera mis à part)
This study identifies distinct (very) early CRPS profiles, suggesting different pathophysiological mechanisms and challenging traditional classifications. It paves the way for improved diagnosis and tailored treatments.

Introduction
Complex regional pain syndrome (CRPS) is a painful condition, typically affecting one limb and characterized by sensory, vasomotor, sudomotor, and trophic/motor disturbances (Goebel et al., 2021; Harden et al., 2010). Diagnosis is clinical and follows the internationally recognized Budapest criteria (Harden et al., 2010). The incidence of CRPS has been retrospectively estimated between 5.5 to 26.2 cases per 100,000 persons (de Mos et al., 2007; Sandroni et al., 2003); although recent prospective studies and meta-analyses suggest a risk as high as 10% following surgery or trauma of a body extremity (Beerthuizen et al., 2012; Bruehl et al., 2022; Lorente et al., 2023; Moseley et al., 2014). While CRPS impacts all aspects of patients' life (Lee et al., 2021; van Velzen et al., 2014), its pathophysiology has not been fully elucidated and is considered multifactorial, including anatomical and functional changes at peripheral (e.g., neurogenic inflammation and vasomotor dysfunction) and central levels (e.g., maladaptive plasticity) (Birklein et al., 2018a; Bruehl, 2015; Ferraro et al., 2024). Additionally, animal models support the involvement of autoimmune processes (Helyes et al., 2019).  Cognitive symptoms are increasingly recognized as a typical feature of CRPS (Halicka et al., 2020): body representation disturbances and perceptual deficits have been consistently documented using questionnaires and neuropsychological testing procedures (Bultitude et al., 2017a; Filbrich et al., 2017; Ten Brink et al., 2021a). However, they are not included yet in the diagnostic criteria.
There is growing evidence of potential subgroups among CRPS patients (Bruehl et al., 2016; Dimova et al., 2020; Gierthmühlen et al., 2012; Knudsen et al., 2023; Reimer et al., 2016). A recent systematic review identified seven possible classifications (with a total of 12 potential subtypes) (Knudsen et al., 2023). These classifications are based on the presence or absence of a major peripheral nerve lesion, central sensitization, dystonia, skin temperature changes, inflammation biomarkers, familial history of CRPS, or condition duration. It is supposed that various phenotypes reflect differing pathophysiological mechanisms (Gierthmühlen et al., 2014), which may account for the variable treatment responses and would enable personalized, mechanism-based therapeutic management (Ferraro et al., 2024; Gierthmühlen et al., 2014). Subgroup identification could also clarify why some patients progress to chronic, disabling forms (Brunner et al., 2017; Bean et al., 2014, 2016a). However, studies exploring CRPS subtypes typically focused on only one aspect of the biopsychosocial model (e.g., symptoms/signs or quantitative sensory testing [QST] values), without simultaneously integrating clinical observations, QST, cognitive changes and psychosocial variables.
Regarding CRPS duration, the terms early and persistent CRPS (preferred to acute and chronic) were clarified in the Valencia consensus, although the definition of early CRPS remains vague due to insufficient data (Goebel et al., 2021). It is supposed that, after the first 12-18 months, CRPS becomes more difficult to manage (i.e., persistent), but it remains unclear whether all CRPS cases diagnosed within the first 12 months should be considered as a homogeneous early condition. Moreover, no required duration between the triggering event and CRPS diagnosis has been established (Goebel et al., 2021), although some experts suggest a timeframe of 3 to 6 months. This proposed duration reflects the challenge in distinguishing between normal post-traumatic healing and the onset of early CRPS, which involves greater pain and psychological distress than in patients with fractures that do not develop CRPS (Dietz et al., 2019), as well as a more intense inflammatory response and vasomotor dysfunction than persistent CRPS (Birklein et al., 2018b; Ott and Maihöfner, 2018). Few studies have specifically addressed the characteristics of (very) early CRPS, as participants are often grouped into a single cohort due to small sample sizes, making it difficult to assess how duration influences the clinical presentations/outcomes. However, understanding this early phase is essential to characterize the clinical course of this condition (Louis et al., 2023). Moreover, while several treatments might be effective and are recommended only at the early stage, not all patients seem to benefit from them (van den Berg et al., 2022; Ferraro et al., 2024; Harden et al., 2022).
The aim of the present study is (1) to report key characteristics of (very) early CRPS patients (< 6 months), and (2) to investigate potential subgroups within this population, considering a large array of biopsychosocial factors. This might allow to better understand and manage this heterogeneous population.


Methods
The present cross-sectional study is part of an observational longitudinal study, following the STROBE guidelines (Cuschieri, 2019). The protocol was approved by the local ethic committee (2022/28FEV/093) and was prospectively registered on ClinicalTrials.gov (NCT05337501).
Participants and setting
Participants were included from May 2022 to December 2023. Potential subjects were referred by French-speaking hospital physicians or general practitioners in Belgium. They were contacted by the same investigator (MHL, first author of the present manuscript) who explained the objectives and procedures of the study and conducted a first screening of eligibility. After this stage, a screening visit was scheduled, and eligible participants who gave their informed consent to participate in the study were included.
Inclusion criteria were (1) being over 18 years old, (2) meeting the Budapest clinical diagnostic criteria (Harden et al., 2010), (3) symptoms onset from less than 6 months, (4) CRPS type I or II (Goebel et al., 2021), (5) capacity to understand and voluntarily sign an informed consent. Exclusion criteria were (1) insufficient French language skills to answer questionnaires, (2) personal previous history of CRPS at the same limb, (3) post-stroke CRPS type I (shoulder-hand syndrome), (4) severe psychiatric or neurological disorders that would interfere with the participants’ ability to complete the study tasks.
Concerning CRPS duration, we did not specify a minimum time between trauma and inclusion (as in other studies, e.g., [2]), for the following reasons. First, there is no specific recommendation concerning the minimum delay required between initial physical trauma and establishment of diagnosis (Goebel et al., 2021; Harden et al., 2022). Second, it can be difficult to distinguish the onset of CRPS and the normal slow recovery from high-energy trauma and/or a long period of immobilization. However, the cut-off is clearer for minor trauma (such as ankle sprain or elective surgery). Finally, it is recommended to identify and diagnose CRPS as early as possible for better management, at least for therapeutic education (Goebel et al., 2019, 2021).  Knowing that a number of patients with CRPS will recover spontaneously within a few months and that we are currently unable to explain this variable prognosis, the inclusion of very early CRPS seemed relevant to achieve our research objectives. 
As there is no consensus on the definition of early CRPS (Goebel et al., 2019), we choose to use a duration <6 months for early CRPS, and <3 months for very early CRPS.
A. Procedures
Participants were invited to attend the assessment as soon as possible. They were then included in a 1-year prospective follow-up study (the data of which is not covered by the present manuscript; completion date is scheduled for December 2024). The study investigator (MHL) collected demographic and clinical data, performed Quantitative Sensory Testing (QST) (Rolke et al., 2006b), and a visuospatial perception task (Temporal Order Judgement task [TOJ] (Filbrich et al., 2017)) in a session of about two hours. To reduce the risk of bias, the testing room and the investigator were identical for each participant. The participants received financial compensation for their participation (€25). If a participant was unable to attend, a phone interview was conducted, and he/she was proposed to complete the survey at home.
The day after the experimental session, the participants were invited to complete a set of questionnaires at home. They were informed that questionnaires should preferably be completed in one session. A personal link to the questionnaires was provided by e-mail to the participants using the REDCap platform. Subjects who wished to avoid using an online platform received the paper versions of the questionnaires at the end of each assessment, with a pre-stamped envelope to send it back within one week. 
B. Measures
Demographic variables
· Age, sex, Body Mass Index (BMI), limb dominance, participant-reported comorbidities and related treatments, addictions (smoking [currently smoking and pack-year], alcohol [units per week], narcotic abuse), 
· Education level (number of school years completed after age 12).
Work-related variables
· Professional status, work type based on the Work Demands Coding System (de Zwart et al., 1997);
· Medico-legal conflict with employer or insurance company, work injury.
CRPS history
· Family history of CRPS (1st and 2nd level);
· Triggering event: as described in our preregistered protocol (NCT05337501), we had initially chosen to assess the physical severity of the initiating event using a 4-point ordinal scale: spontaneous, elective surgery, low energy trauma, and high energy trauma. The distinction between low and high energy trauma was based on a scale designed for emergency medicine (available in the Supplementary materials 1 [methodS1], (Snoek et al., 2013)). However, we observed a ceiling effect – almost all traumas were considered as low energy. We have therefore chosen to use another 5-point scale previously used in CRPS research (Bean et al., 2016a): minor incident/no known tissue injury, soft tissue injury, minor surgical procedure (i.e., elective surgery), fracture not requiring surgical repair, and major injury requiring surgical repair.
· Potential immobilization, type (splint vs. cast) and duration of strict immobilization;
· CRPS duration at inclusion, i.e. since the beginning of the symptoms and the duration since the initial event. In case of presumed symptoms onset during cast immobilization, we added two weeks after the cast removal to determine the date of the CRPS onset. The aim was to ensure that removal of the cast had not altered the symptoms;
· Bone scintigraphy results (if performed [positive vs. no argument for CRPS diagnosis]). Although bone scan is not recommended for diagnosing CRPS (Goebel et al., 2021), it is commonly used by some clinicians (despite the presumed poor sensitivity, inducing false negative and misunderstanding (Wertli et al., 2017)).
CRPS clinical variables
· Localization, and spreading of the initial localization to another part of the body, as defined by Goebel et al. (Goebel et al., 2021);
· Research Budapest criteria and CRPS severity score (CSS) (Harden et al., 2017);
· Neuropathic signs (Goebel et al., 2021): hypoalgesia, allodynia (to touch, pressure, cold, and joint mobilisation), hyperalgesia to pinprick stimulus;
· Vasomotor signs:  skin temperature difference between the affected and contralateral limb (mean of 3 measures at the same point using a digital infrared thermometer [Tempett, SENSELab, Sweden]), skin color asymmetry (reddish, pale, bluish, or mottled);
· Sudomotor signs: swelling or sweating asymmetry;
· Trophic signs: skin disturbance (e.g., ulcer), hyper/hypotrichosis, increased/decreased growth of fingernails;
· Motor signs: tremor, dystonia, restricted passive range of motion (RoM), weakness (defined as a Medical Research Council (MRC) scale < 5/5). We also quantitatively measured muscle strength using a Jamar dynamometer for upper extremity (UE) CRPS, and a hand-dynamometer (quadriceps strength, isometric position at 60°) for lower extremity (LE) CRPS. Grip testing of UE is commonly assessed in CRPS research(e.g., (Gutiérrez-Espinoza et al., 2022)), we followed the instruction of the American Society of Hand Therapists (Richards and Palmiter-Thomas, 1996). For LE, it has been shown that lower limb CRPS present a deficit of the knee extensor, even if this joint is not directly involved (e.g. CRPS of the ankle) (Mouraux et al., 2021). We therefore choose to assess quadriceps strength, which is essential for walking ability and gait control. The highest value of three trials was recorded. Then, we computed a percentage relative to the unaffected side. These two continuous measures were added after the start of the study and were therefore not collected for all participants;
· Current treatment.
Revised-Bath-Complex Regional Pain Syndrome-Body Perception Disturbance Scale (r-B-CRPS-BPDS)
During the evaluation session, the participants filled in the French-Canadian version [14] of the recently revised B-CRPS-BPDS (Ten Brink et al., 2021a) to assess CRPS-specific perceptual abnormalities of the painful limb (Lewis et al., 2007). As the investigator had to draw the mental representation of the participant's limbs, the questionnaire was completed exclusively during the face-to-face assessment.
Quantitative Sensory Testing (QST)
A Quantitative Sensory Testing (QST) was performed based on the German Research Network on Neuropathic Pain (DFNS) protocol (version 2.1 – 08.07.2010) (Mücke et al., 2021; Rolke et al., 2006a).  The instructions were freely translated and adapted to French-speakers. We measured the following parameters on the most painful area of the affected limb and on the homologous area of the contralateral limb: Cold Detection Threshold (CDT), Warm Detection Threshold (WDT), Thermal Sensory Limen (TSL) Paradoxical Heat Sensation (PHS), Cold Pain Threshold (CPT), Heat Pain Threshold (HPT), Mechanical Detection Threshold (MDT), Mechanical Pain Threshold (MPT), Mechanical Pain Sensitivity (MPS), Dynamic Mechanical Allodynia (DMA), Vibration Detection Threshold (VDT), and Pressure Pain Threshold (PPT). QST was assessed using: (1) a contact heat and cold stimulator (TCS II, QST.Lab, Strasbourg, France) with a 10-cm2 probe (T06, QST.Lab, Strasbourg, France) for thermal stimuli, (2) a standardized set of modified von Frey hair (Optihair2-Set, MRC Systems GmbH, Heidelberg, Germany) for MDT, (3) a set of weighted pinprick stimuli with fixed stimulus intensities (the PinPrick; MRC Systems GmbH, Heidelberg, Germany) for MPT, MPS and WUR, (4) a cotton wisp (∼3mN), a cotton wool tip fixed to an elastic strip (∼100mN) and a brush (∼200–400mN) for DMA, (5) a Rydel–Seiffert tuning fork (64Hz, 8/8 scale) for VDT, and (6) a calibrated pressure gauge device (FDIX50, Wagner Instruments, Greenwich, CT, USA) for PPT.
Temporal Order Judgement (TOJ) task 
The participants performed a visual TOJ task, that consists of discriminating the temporal order of two lateralized visual stimuli presented in a rapid temporal succession (see Supplementary materials 2. TOJ procedure [methodS2] for a detailed description). Those psychophysical tasks are classically used to investigate perceptual abilities and were recently used to evidence perceptual biases in CRPS patients (Filbrich et al., 2023; Halicka et al., 2020). They are based on the idea that paying attention to a stimulus facilitates its detection. The materials and procedures were the same as those used in (Filbrich et al., 2017, 2023)  with the exception that visual stimuli were presented near the feet for patients with LE CRPS.  Two parameters of the psychometric function used to fit participants’ performance were analysed, its threshold and its slope. The threshold measures the point of subjective simultaneity (PSS) and is used to index whether the participants' judgments are biased to the advantage of the visual stimulus presented in one particular side of space. The slope relates to the precision of the participants’ responses (for furthers explanations, see (Filbrich et al., 2016)).
Survey at home
At home, the participants completed several questionnaires assessing functional, psychological and social variables:
· (1) Disability (QuickDASH for UE (Beaton et al., 2005), Lower Extremity functional scale [LEFS] for LE (Herdman et al., 2011)), 
· (2) Quality of Life (QoL)-Participation (EuroQol-5 dimensions – 5 levels [EQ-5D-5L] (Binkley et al., 1999)), 
· (3) Pain severity and interference (Brief Pain Inventory-short form [BPI-SF] (Keller et al., 2004)), 
· (4) Pain-related fear of movement (Tampa Scale of Kinesiophobia-11 [TSK-11] (Woby et al., 2005)), 
· (5) Anxiety and depressive disorders (Hospital Anxiety and Depression Scale [HADS] (Zigmond and Snaith, 1983)),
· (6) Psychosocial factors associated with chronification of common musculoskeletal pain, also known as “yellow flags” (French version of the Örebro Musculoskeletal Pain Screening Questionnaire-short form [OMPSQ-SF] (Opsommer et al., 2017)),  
· (8) Coping strategies to deal with pain (Coping Strategies Questionnaire-French version [CSQ] (Irachabal et al., 2008)),
· (7) Perceived social support (Social Support Questionnaire-short form [SSQ6] (Rascle et al., 2005)), 
· (9) “General” pain sensitivity (Pain Sensitivity Questionnaire [PSQ] (Dualé et al., 2019)). 
Statistical analysis
Study data were collected and managed using REDCap electronic data capture tools hosted at the Saint-Luc University Hospital. Statistical analyses were conducted using IBM SPSS Statistics 28, Latent Gold 6.0, and R software (R × 64 version 4.2.3). A p-value < 0.05 was considered statistically significant. The study was preregistered in ClinicalTrial.gov (NCT05337501), but the analysis plan of the inclusion data was decided at the end of the inclusion phase. The script used to analyse QST results is available at: https://github.com/vladaron/CRPS_QST.
We used descriptive statistics to present the characteristics of the cohort. For continuous variables, we reported mean and standard deviation (SD), while categorical variables were described using numbers and percentages.
Concerning the variables, temperature asymmetry was calculated as the difference (Δ) between the affected and the contralateral side. Asymmetric temperature was defined as a Δ ≥ 1°C or ≤ -1°C. Quantitative strength deficit between the limbs was computed as the relative percentage between affected side and contralateral (affected side strength divided by contralateral strength). For unaffected UE strength, we made an adjustment of 10% based on the dominant side (+10% for non-dominant, -10% for dominant) (Richards and Palmiter-Thomas, 1996). Disability was reported as a score from 0 (“no disability”) to 80 or 100 (“most possible disability”), for LE or UE respectively. EQ-5D index was computed according to the EQ-5D-5L value set for Belgium. Pain severity corresponded to the 5th item of the BPI-SF (“your pain on the average over the last 24 hours”). Pain interference was computed as the mean value of the seven last items of the BPI-SF (Cleeland, 2009). Psychosocial risk of chronification was determined using reference values of the French-version of the OMPSQ-SF (Korogod et al., 2022): low (≤38), medium (39 to 49), and high (≥50). Anxiety or depressive disorders were defined as probable for HADS scores ≥ 11, potential as ≥ 8 (Herrmann, 1997) or absent if <8. Coping dimension scores were computed as the mean score of the items related to each dimension (1: never, to 4: very often) (Irachabal et al., 2008). Availability dimension of the SSQ6 was computed as the sums of the number of available persons by items (0 to 9). The satisfaction dimension was the sums of satisfaction score for each item (0: very unsatisfied; 6: very satisfied) (Rascle et al., 2005). Pain sensitivity score was calculated as the average of all PSQ items, with the exception of the three non-painful (item 5, 9 and 13), minor score was computed as the average of items 3, 6, 7, 10, 11, 12, and 14 (Dualé et al., 2019). 
Regarding QST data, the results were log transformed except for CPT, HPT, PHS, DMA, and VDT (Mücke et al., 2021; Rolke et al., 2006a). As recommended, we did not compute WUR in participants reporting no pain for single 256-mN pinprick stimulation (n=25) (Rolke et al., 2006a). We reported the values by limb and sex, using mean and SD. We then computed Z-scores. First, we related the individual values of the affected and contralateral site to the normative values (Z = [individual value – meandatabase] / SDdatabase) grouping by extremity, sex, and age (Magerl et al., 2010) Z-values above ‘‘0’’ indicate hyperfunction, which means that the limb was more sensitive compared to the contralateral side (lower thresholds), whereas z-scores below ‘‘0’’ indicate hypofunction and therefore lower sensitivity (higher thresholds). We then computed t values to examine differences between our cohort and the normative values as recommended by Magerl et al (Magerl et al., 2010).
For the TOJ, participants' data were excluded from statistical analyses when the threshold and the slope of the psychometric function could not be reliably estimated during the 40 trials of at least one block, suggesting that their performance was too inconsistent or below chance level (see Supplementary materials 2. TOJ procedure [methodS2], and (Filbrich et al., 2016) for a more detailed discussion of the potential contribution of responses biases in TOJ tasks). This criterion led to the exclusion of the data of five of the 78 tested participants. To facilitate statistical analyses of TOJ results, PSS values, initially encoded in terms of temporal order between left and right sides of space, were recoded to correspond to the side of the affected limb and that of the contralateral limb. Accordingly, data from patients affected by right-sided CRPS were transformed (multiplied by −1) to allow comparison with left-sided CRPS. Positive values correspond to a perceptual bias to the advantage of visual stimuli presented on the side of the affected limb. Potential systematic bias towards the affected or the contralateral side was investigated comparing mean PSS values to 0 using a one-sample t- test.
We assessed the homogeneity of our sample by investigating significant differences between participants who completed only the home survey and the other participants. Continuous variables were compared between these two groups using a Student T test or a Mann-Whitney U test according to their distribution (histograms and normal QQ plots). Proportions between categorical variables were compared with a Pearson’s Chi-squared test. The same statistical tests were used to explore potential differences between subgroups in our cohort. For ≥ 2 groups comparisons, continuous variables were compared using the Kruskal-Wallis test. Correlations between TOJ results and body perception disturbances were tested using Pearson coefficient. Each statistically abnormal result was reported.
To identify potential phenotypes (i.e., subgroups), we performed a latent class analysis (LCA), a statistically robust method which is a type of mixture modeling. The aim is to identify unobservable (latent) profiles among heterogeneous group of patients (Sinha et al., 2021; Weller et al., 2020). This analysis requires to include variables that are a priori thought to be implicated in CRPS physiopathology, to identify mechanism-based subgroups. Two literature reviews (Ferraro et al., 2024; Gierthmühlen et al., 2014) identify several categories of pathophysiological mechanisms; for each of these mechanisms we selected a potentially relevant measure. The presence or absence of sensitization was assessed using the allodynia (sign) and PPT (Z-score of the affected side, normalized by the normative values), psychosocial indicators of the risk of chronification were measured using the OMPSQ-SF score, disturbed body scheme was evaluated with the r-CRPS-bath-BPDS, presumed inflammatory response was indirectly inferred from the physical severity of the triggering event, and vasomotor dysfunction was evaluated using the difference in skin temperature between the affected and contralateral limb. Only subjects with no missing data were included. Collinearity between variables was assessed using Variance Inflation Factor (VIF) (>4). For further explanations related to the LCA procedure, see Supplementary materials 6. Latent class analysis – statistical considerations [tableS14]. 
Results
A. Participants characteristics
Figure 1 shows the flowchart of the participant selection procedure. In total, 158 patients were contacted. Finally, 113 participants were included in the study, 21% of them performed only the online session. Consequently, some data were only collected for part of the cohort: clinical assessment (n=89), QST (n=85), and TOJ procedure (n=78).
Figure 1. Flowchart of the participant selection
Table 1 shows the main characteristics of the cohort at baseline. Participants who were only assessed remotely did not significantly differ from the rest of the cohort in terms of demographic or clinical data (p>0.05; data not shown). The sample was predominantly female (77%), with a mean age of 53 years. About a quarter of the cohort had a family or personal (at another limb) history of CRPS. Regarding social variables, 68% were working before the onset of the condition. Among them, 18% reported a work injury and only 30% had already returned to work. 
Table 1. Baseline characteristics of participants.
Concerning CRPS features, the proportion of UE CRPS was greater (59%) than LE CRPS (Table 2). Only one participant did not report a triggering event, while the others described soft tissue injury (13%), elective surgery (23%), fracture not requiring surgical repair (30%), and major injury requiring surgical repair (33%). The initial event occurred on average 120 days before the inclusion, while the mean CRPS symptoms duration was 76 days. Most of the subjects reported immobilization, with a mean duration of 5 weeks.
Nearly all the participants reported skin colour asymmetry (90%), swelling (99%), and motor disturbances (100%). However, only 36% reported sweating asymmetry, and 55% trophic disturbances.  Concerning the clinical features of CRPS, sensory signs were found in 78% of the assessed participants, more frequently hyperalgesia to pinprick (61%) than allodynia (47%). Nearly half of the assessed participants presented asymmetric limb temperature with a range of difference of –3.0 to 5.2°C. Among them, 41% presented colder limb. Most participants exhibited swelling, while sweating was only observed in 19% of the subjects. Trophic disturbances were observed in half of the cohort, principally hypertrichosis or fingernails abnormalities. Only 6% of the participants did not suffer from restricted RoM, and 8% from weakness. Mean CSS was 11.5. Participants varied greatly regarding body perception disturbances (range: 1 to 35/47). Treatments were standard, based on analgesics and physiotherapy. Some patients also benefited from multidisciplinary management (including occupational therapy).
Table 2. Clinical presentation of early CRPS.
Table 3 shows the results from the questionnaires. The participants reported variable levels of disability and pain. Most of the cohort described impaired QoL and self-rated health. Around a third of the cohort presented with probable anxiety disorders, and a quarter with depressive disorders (HADS subscales ≥ 11). The psychosocial risk of chronification was assessed as high for half of the cohort (OMPSQ-SF ≥ 50). 
Table 3. Questionnaires filled at home.
B. Temporal order judgment task
We did not observe any systematic bias in visuospatial perception for the entire cohort as well as for UE or LE respectively. Complete results are available in the Supplementary materials (3. TOJ results [tableS1]). Furthermore, we did not find any significant correlation between the computed PSS and the r-Bath-CRPS-BPDS score (ρ=-0.91, p=0.45).
C. QST results
Depending on the CRPS localization, the area most frequently assessed were the dorsum of the hand (90%, for UE) and of the foot (94%, for LE). For other participants, we tested the palmar side of the wrist (n=2), the palmar side of the hand (n=2), the extensors of the elbow (n=1), and the medial face of the knee (n=2). PPT were always tested at the same area (thenar eminence for UE, and abductor hallucis for LE) except for knee (n=2) and elbow (n=1) CRPS. 
The sensory profile of 80 participants was fully assessed. For some others (n=5), it was only possible to collect part of the QST data (for logistic reasons).
As some age groups were very small (i.e., only one male participant below 40 years old), we choose to summarize raw values according only to sex, and CRPS localization. Raw values are presented in Table 4.
[bookmark: _Hlk164091060]Table 4. Raw values of QST parameters.
Table 5 shows the Z-scores of each QST modality, computed using normative values of healthy subjects (Magerl et al., 2010) or the individual contralateral side as references values. We observed considerable inter-individual variability for both sides, with SD crossing the “0” line for most parameters.
[bookmark: _Hlk164091298]Table 5. Z-scores of each QST modality.
Figures 2 and 3 summarize the sensory profiles of early CRPS patients (mean and CI95). Tables showing raw values according to sex, and CRPS localization, as well as Z-scores of each modality are presented in the supplementary section. Compared to the German normative database (Magerl et al., 2010), both sides showed similar disturbances, overall more pronounced for the affected limb than for the contralateral side. More specifically, we observed a loss of function for the detection of thermal (CDT, WDT, TSL) and mechanical stimuli (MDT, and VDT [which was not significant after Bonferroni correction]), and a gain of function for thermal and blunt pressure painful stimuli (CPT, HPT and PPT). Some parameters appear to be unaffected by the condition (MPT, MPS, WUR). Figures showing mean and SD or SEM of the Z-scores are also available in the Supplementary materials [figures S1 & S2).
Figure 2. Z-scores (normative values), for each QST parameter.
Figure 3. DMA and PHS parameters (raw values).
Comparing these results with those observed when normalizing according to the contralateral side (Figure 4), reveals a different pattern. For example, the gain of function for CPT became insignificant, while we observed a reverse of disturbances for HPT, MPS, and VDT (insignificant after Bonferroni correction).
Figure 4. Z-scores (contralateral side), for each QST parameter.
1. Differences based on reported classifications
We first examined whether the collected variables differed significantly between several potential classifications described in the literature (Knudsen et al., 2023). For the sake of brevity, we only report statistically significant differences (p<0.05) in Table 4. Complete results are available in the Supplementary materials 5. Potential classifications: statistical results [tableS4 to S13]. 
Sex
Only UE disability was significantly higher among females (n=87) than males. Two social variables differed in both sexes (alcohol consumption and education level).
Family or personal history of CRPS
No differences were observed between the participants reporting a family history of CRPS (n=14) and the others. Subjects with a personal history of CRPS at another limb (n=14) reported a higher mean disability score for UE, more sweating symptoms, and more allodynia to joint mobilization.
Triggering event
Participants whose initial event was a minor trauma (n=16) were younger, presented more allodynia to touch or pressure, while the LE was more often involved than in the rest of the cohort. Interestingly, these subjects presented higher OMPSQ-SF score, and higher depressive disorder score than other participants. In cases of fracture or trauma requiring surgical intervention (n=71), participants reported lower pain intensity and interference, they were also immobilized longer than other participants. Subjects with CRPS induced by surgical procedures (elective or post-trauma, n=63) reported significantly more skin disturbances than those with other initial events. Some QST variables differed according to the triggering event: we observed a higher gain of function in blunt pressure and MPS for minor trauma and elective surgery in comparison with fracture or trauma requiring surgical repair.
Historical CRPS subtypes / major peripheral nerve lesion
We observed a higher proportion of skin disturbance signs in CRPS type II (n=11) than in CRPS type I. All CRPS type II were triggered by surgery (elective or post-trauma), while only 51% of subjects with CRPS type I had been operated. Interestingly, none of the QST parameters were different between these two subgroups.
Involved limb 
Participants with LE CRPS (n=46) were younger, presented more allodynia, but less skin disturbances than UE CRPS. They reported more pain interference. The physical intensity of the triggering event differed, with more minor traumas for LE and more traumas requiring surgery for UE CRPS. Temperature of the contralateral side was significantly different between UE and LE. We also observed more asymmetric temperature (warmer or colder) in LE than in UE, and more asymmetric skin colour. Therefore, CSS was significantly higher in LE than UE CRPS. Regarding QST values, LE presented higher gain of function for thermal painful stimuli.
Research Budapest criteria
Participant fulfilling the Research Budapest criteria (n=89) were younger, presented higher body perception disturbances, reported more pain (intensity and interference), higher disability (UE and LE), OMPSQ-SF score, pain-related fear of movement, HADS scores, and impaired QoL than participants whose symptoms did not completely meet the research criteria. Those 89 subjects reported poorer general self-rated health and higher catastrophizing CSQ subscale. As expected, they had higher CSS, with significantly more vasomotor symptoms, asymmetric colour, and neuropathic disturbances (symptoms and signs). 
Skin temperature changes
Participants with colder skin (n=16) were younger, presented significantly more allodynia to touch than participants with warmer (n=24) or neutral skin temperature (n=49). The colour of the skin was significantly different between the three subgroups, with more reddish skin for warmer, and more bluish skin for colder skin temperature. As expected, mean CSS was statistically higher for warmer and colder skin than neutral. 
Very early CRPS
CRPS participants with symptoms duration < 90 days (n=75) presented significantly higher mean temperature asymmetry, and UE disability score than other participants. They reported and presented more trophic disturbances.
Smoking habits
Smokers (n=24) described more temperature asymmetry, reported higher pain interference, depressive disorders, OMPSQ-SF score, and presented higher catastrophizing CSQ subscale. We observed more hypertrichosis. MPS was also lower in smokers than others (minor loss of function).
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Latent class analysis
No collinearity was observed between the variables. The skin temperature did not distinguish participants and was thus removed from the model. The best fit was a 4-profile model (for details, see Supplementary materials 6. Latent class analysis – statistical considerations [tableS14]). Characteristics of each profile are summarized in Table 5, while Figure 4 illustrates the variables used to classify subjects, and Figure 5 the differences between subgroups.  No significant differences were observed in terms of CRPS duration (onset of symptoms or trauma), temperature, or classic CRPS features (symptoms or signs used in the Budapest criteria), except for sensory features.
Figure 4. Results of the LCA: variables determining the different profiles.
A first group (Mild CRPS, n=22) was composed of older people than in the other subgroups. The initiating event was either a fracture or a major trauma requiring surgical repair. In comparison to the other profiles, this Mild CRPS subgroup presented a milder condition in all measures: less allodynia, CSS, body perception disorders, disability, depressive scores, pain ratings. They reported better QoL and GSRH. The catastrophizing subscale was lower, as was the OMPSQ-SF score. Social support was higher than in the three other subgroups. The average gain in function for PPT was the lowest of four profiles, while there was a loss of function for MPS compared to healthy subjects (Magerl et al., 2010). Half of these patients did not fulfil the research Budapest criteria. 
The second profile (Moderate CRPS, n=31) mainly consisted of subjects whose CRPS was triggered by a major trauma or some fractures. In comparison to the other participants, this subgroup seemed to present a moderate condition, with more impairments than the first profile but fewer than the two others in terms of sensory signs, disability, QoL, GSRH, pain ratings, and depressive scores. Moderate CRPS patients presented a significant impairment in body perception and an increased pain sensitivity to blunt pressure in comparison to the normative values (Magerl et al., 2010). This profile showed a significant systematic perceptual bias during TOJ, suggesting that participants paid more attention to the unaffected limb than to the affected limb (see Table 5 and Supplementary materials 3. TOJ results [tableS1] for statistical results).
LCA identified two last profiles of severe CRPS: body representation disturbance (BRD) CRPS (n=20) and Pressure allodynia CRPS (n=12). In comparison with the two first profiles, they both reported poorer outcomes in all measures. The BRD CRPS profile was composed of CRPS triggered by various events, but mostly by elective surgery. Allodynia was highly prevalent, and CSS score was high. Those participants presented the highest body perception disturbances score and pain sensitivity to mechanical stimuli (MPS) in our sample. The Pressure Allodynia CRPS profile is composed of younger subjects than the other subgroups.  The physical intensity of the initial event was low (almost exclusively minor traumas or elective surgeries).  Allodynia to cold and pressure were often found. They presented similar body perception disturbances than the Moderate CRPS profile. OMPSQ-SF score was the highest of the four profiles. Those 12 participants presented a major sensitivity to blunt pressure (on both sides), and a significant increase of DMA. In contrast to Moderate CRPS profile, the TOJ task identified a spatial bias to the detriment of the perception of visual stimuli occurring in the contralateral side, suggesting that patients paid more attention to the affected limb than to the unaffected limb (see Table 5 and Supplementary materials 3 [tableS1]).
Overall, the presence of allodynia, higher psychosocial risk of chronification, higher body perception impairment, low physical intensity initiating event, and lower PPT were associated with poorer outcomes. 
Table 5. Characteristics of the four profiles identified by latent class analysis in the cohort. 
Figure 5. Distribution of patient’s CRPS characteristics according to the four profiles created in latent class analysis.
Discussion
This study, evaluating the biopsychosocial characteristics of 113 subjects suffering from (very) early CRPS (< 6 months), confirmed the heterogeneity of clinical presentations.  Overall, the CSS score was high, function and QoL were considerably impaired. While no significant visuospatial bias was observed at the level of the entire cohort, many participants reported alterations in body perception. QST results showed similar, but milder, abnormalities than previous studies (Gierthmühlen et al., 2012; Sobeeh et al., 2023). Interestingly, neither the duration of the condition nor skin temperature significantly affected the CRPS features and outcomes, suggesting the absence of a required minimum duration for diagnosis.
Using LCA (n=85), four profiles were identified. Mild and Moderate CRPS were characterized by high intensity triggering events contrasting with moderate perturbation of outcomes (more pejorative in Moderate than in Mild CRPS). Both severe CRPS subgroups showed poorer outcomes than the two other profiles. BRD CRPS displayed the most severe body perception disturbances, highest MPS, and rate of allodynia. Pressure allodynia CRPS were mostly triggered by events of low physical intensity, had the highest psychosocial severity, and displayed a dramatic reduction in PPT values. Moderate CRPS and Pressure allodynia CRPS displayed attentional bias in opposite directions during the TOJ task. The identification of these four profiles, based on an uncontrolled statistical analysis not relying on condition duration, confirmed the heterogeneity among (very) early CRPS patients, probably subtended by different mechanisms.
1. Interpretation in light of the literature
Clinical features
In a large retrospective cohort (Ott and Maihöfner, 2018), early CRPS (< 6 months) was associated with swelling and warmer skin than the contralateral limb, while persistent CRPS presented colder skin. The authors found similar reduction of muscle strength (60%) and RoM (approximatively 47%) between these two subgroups. Our results show that early CRPS can also present colder skin temperature. In line with our data, another prospective early CRPS cohort (Bean et al., 2016a, 2016b) observed weakness and restricted RoM in the majority of this population (>90%). They also found similar proportions of other symptoms and signs, pain rating, and pain-related fear of movement (Bean et al., 2016a, 2016b).
Neurocognitive deficits
Regarding spatial perception, previous research suggested that CRPS patients might present perceptual biases affecting their ability to perceive visual stimuli in the side of space corresponding to their affected limb (Bultitude et al., 2017b; Filbrich et al., 2017; Moseley and Wiech, 2009). However, no such systematic biases could be evidenced here at the level of the entire cohort (n=73), corroborating more recent studies (Filbrich et al., 2023; Halicka et al., 2020; Ten Brink et al., 2021b) and challenging the hypothetical role of visuospatial biases in CRPS pathophysiology. This does not exclude the possibility that other factors might be involved in visuospatial biases in CRPS (Filbrich et al., 2023). In support of this hypothesis, we identified significant spatial biases for two subgroups. Moderate CRPS participants seem to pay more attention to the side of the unaffected limb, while Pressure allodynia CRPS participants seem to preferentially direct attention to the affected side. The reason behind this finding still needs to be explored. 
Using r-B-CRPS-BPDS results, our sample shows similar body perception disturbances than those of the cohort used to design the revised version of this questionnaire, composed mainly of patients with persistent CRPS (Ten Brink et al., 2021a). This suggests that early and persistent CRPS share similar body perception disorders, and therefore that these disturbances are not simply a consequence of long-lasting symptoms. This raises the question of the pathological role of body perception disturbances in triggering and/or maintaining CRPS.
Potential classifications discussed in the literature
The current literature about subtyping CRPS is based on statistical analyses that might lack reliability and reproducibility [70], such as t-test/non-parametric equivalent statistics (n=19), or classical clustering algorithms, e.g. k-means (n=3) and TwoStep Cluster (n=3) (Knudsen et al., 2023).
Using t-tests or equivalents, we did not observe any differences based on a family or personal history of CRPS, or CRPS type. This last observation is in line with current consensus suggesting that the historical division of CRPS in types I and II is probably clinically irrelevant (Goebel et al., 2021), even though this was recently discussed (Knudsen et al., 2023).
Patients who met the research Budapest criteria appeared to experience a more severe condition (e.g., pain, disability, QoL). Studies that include CRPS patients using research Budapest criteria might therefore select a more severe cohort of CRPS, reducing the external validity of their findings. As discussed by (Harden et al., 2010), the advantage of the research vs. clinical Budapest criteria appears to be minimal. 
Concerning other potential subtypes, our results do not confirm those of other studies showing that cold CRPS was associated with poorer clinical outcomes, loss of function on QST assessment, and signs of central sensitization (Knudsen et al., 2023). 
Our data did not allow us to investigate other reported classifications (biomarkers of inflammation, CRPS duration [early vs. persistent], whereas dystonia was too rare to allow statistical analysis [n=2]) (Knudsen et al., 2023). 
Pathophysiological mechanisms potentially underlying CRPS profiles
The heterogeneity of CRPS presentations and outcomes suggests the existence of unobservable (i.e., latent) subgroups (Ferraro et al., 2024). As discussed above, previously reported classifications do not adequately account for this variability in our cohort, but the LCA distinguished CRPS patients with different clinical characteristics and outcomes, potentially subtending distinct pathological patterns. One of the advantages of LCA is that the analyzed parameters were chosen a priori as proxies for several categories of putative physiopathological mechanisms of CRPS (sensitization, psychosocial distress, disruption of the body scheme, presumed abnormal inflammatory response, and vasomotor changes). However, it must be noted that these parameters have not been validated for this purpose (see methods and supplementary sections for further explanations) and that their relationship to the putative mechanisms is often indirect.
Regarding sensory profiles, a lower PPT on the affected side is considered a potential distinguishing feature of CRPS (Gierthmühlen et al., 2012). In our LCA, an increase in sensitivity to blunt pressure was associated with the more severe profiles. Gaynor and colleagues also associated higher pressure pain sensitivity with more severe chronic pain disorders (including fibromyalgia, temporomandibular disorder, irritable bowel syndrome, ...). In a longitudinal study, higher pressure pain sensitivity predicted a higher risk of still meeting the research Budapest criteria at 12-month follow-up (Roh et al., 2019). However, the predictive value of PPT appears to be low in other musculoskeletal pain syndromes (Georgopoulos et al., 2019; Hertel et al., 2024; Petersen et al., 2023).
Several observations suggest a greater involvement of central / systemic mechanisms with more severe CRPS profiles (BRD and Pressure allodynia CRPS). First, higher body perception impairment, probably caused by central mechanisms (Halicka et al., 2020), was associated with poorer outcomes. Second, the more severe profiles were triggered by less intense events than the mild and moderate CRPS subgroups. In addition to a different (abnormal) inflammatory response (Ferraro et al., 2024), a greater implication of maladaptive neuroplasticity might be hypothesized (Dimova et al., 2020) in severe CRPS following low intensity trauma. It should be noted however that other studies showed a positive association between the physical intensity of the trauma and the severity of the outcomes (Louis et al., 2023) or the risk of CRPS incidence (Lorente et al., 2023; Parkitny et al., 2022; Pons et al., 2015; Roh et al., 2014). Third, the presence of allodynia might indicate central sensitization (Cohen et al., 2013; Maihöfner et al., 2006; Woolf, 2011), although it could also be explained by peripheral sensitization (Baron et al., 2010). Fourth, the higher pressure pain sensitivity on the contralateral side associated with severe profiles is strongly suggestive of systemic mechanisms (Sobeeh et al., 2023). Finally, psychosocial factors are important contributors to the development and maintenance of central sensitization (Clark et al., 2017; Meints et al., 2019). In our LCA analysis, higher psychosocial severity (as measured by OMPSQ-SF, but also catastrophizing and depressive scores) is associated with the two severe subgroups and poorer outcomes. In the aforementioned musculoskeletal pain study (Gaynor et al., 2021), the most important parameters to determine the severity of the condition were psychosocial factors. Many other studies stress the importance of psychosocial variables for the evolution of musculoskeletal pain (Hertel et al., 2024; Hill et al., 2011; Linton and Boersma, 2003).
In line with the hypothesis of central maladaptive changes, Dimova and colleagues (Dimova et al., 2020) identified three potential phenotypes in persistent CRPS patients: a “central phenotype” (minor trauma, allodynia, motor disturbances and sensory deficits), a “peripheral phenotype” (temperature asymmetry, edema, sweating, skin color, and trophic changes) and a “mixed phenotype” (associating both characteristics). However, in contrast to these data, our LCA results did not identify subgroup differences according to “peripheral” CRPS characteristics whereas our profiles were strongly linked to different outcomes. The difference might be explained by the clustering method, the variables introduced into the model and/or a different population. Consequently, it suggests that the presence or absence of CRPS features (with the exception of sensitive signs) assessed by the Budapest criteria might not be relevant for subgroup classification.
C. Limitations
A first limitation of this study is related to the small proportion of patients who were not subjected to a face-to-face assessment, while the CRPS diagnosis requires physical examination (Goebel et al., 2021). However, the subjects who were assessed exclusively by telephone had a typical clinical history and classic CRPS symptoms, and we observed no significant difference between these participants and those who were assessed physically. In addition, patients were referred by experienced clinicians, using the Budapest criteria. Finally, a preliminary analysis of longitudinal data (at 6- and 12-month follow-up, n=91) showed no different outcomes (pain, CSS, Budapest clinical criteria, disability or QoL) based on this criterion (data not shown).
The selection of (very) early CRPS participants might be hampered by the difficulty of distinguishing signs and symptoms that are “normal” after a trauma from those that indicate early CRPS. As explained in the methods section, no specific recommendation can be found in the literature concerning this question and “normal” evolution after trauma can take days or weeks depending on trauma severity. Therefore, we suggest that “very early CRPS” diagnosis is possible when the evolution does not follow the expected pattern. Furthermore, we did not identify any difference in our sample between very early CRPS (< 3 months) and 3-6 months CRPS. Finally, our preliminary analysis of longitudinal data at 1 year suggests that very early CRPS did not differ in terms of the aforementioned outcomes, and that the duration of CRPS or since the triggering event was not associated with any of these outcomes (univariate analysis in a mixed-effects model, unpublished preliminary results).
All measurements, including temperature, were taken at only one point in time. However, CRPS symptoms are variable over time (Goebel et al., 2021). Therefore, a single measure might not be sufficient to detect change. 
Our sample size was relatively small to perform LCA, even though clear recommendations do not exist (Sinha et al., 2021). In the future, it will be important to reproduce our findings with an external dataset to validate the identified profiles. It would also be interesting to evaluate whether the parameters selected for the LCA do really reflect the putative pathophysiological mechanisms that were hypothesized. 
D. Conclusion
This study contributes to a nuanced understanding of (very) early CRPS and highlights that this population can be divided into subgroups, presenting different outcomes. These profiles did not depend on the duration of the condition, suggesting the absence of minimum delay required to diagnose CRPS. Furthermore, it does not seem relevant to distinguish early CRPS based on skin temperature. Our results challenge some traditional CRPS classifications, suggesting that current diagnostic criteria may not fully capture the complexity of the disorder. LCA results point to the potential role of central / systemic mechanisms in severe conditions. The clinical implication of the identified phenotypes should be further investigated.


Acknowledgments
We thank Sophie Cockx, Jérôme Boquet, Quentin Rasmont, Valérie-Anne Dewilde, David Willame, Pauline Gonzalez, Bruno Leroy, Caroline Meyer, Stéphanie Remy, Catherine Dutilleux, Laura Pierchon, Géry Burlet, Jason Sépulle, Olivia Martin and Anthony Nasr, Estelle Verraes, Anthony Gevers, and Vincent Foulon for their help in recruiting. We also thank André Mouraux, Carlo Matej Rinaudo, and Arnaud Steyaert for their methodological opinions and suggestions.
This study was designed by MHL, VL, LF, and AB. The experiments were performed by MHL. The data were analysed by MHL, VA, SH, VL, and AB; the results were critically examined by all authors. MHL had a primary role in preparing the manuscript, which was edited by all authors. All authors have approved the ﬁnal version of the manuscript and agree to be accountable for all aspects of the work.
Funding: MHL is supported by Fondation Saint-Luc and the Fund for Scientific Research of the French-speaking Community of Belgium (F.R.S.-FNRS), VL and VA by the F.R.S.-FNRS. This research did not receive any other specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.

	
	
	



References
Baron, R., Binder, A., Wasner, G. (2010). Neuropathic pain: diagnosis, pathophysiological mechanisms, and treatment. The Lancet Neurology 9, 807–819.
Bean, D.J., Johnson, M.H., Heiss-Dunlop, W., Kydd, R.R. (2016a). Extent of recovery in the first 12 months of complex regional pain syndrome type-1: A prospective study. European Journal of Pain 20, 884–894.
Bean, D.J., Johnson, M.H., Heiss-Dunlop, W., Kydd, R.R. (2016b). Factors Associated With Disability and Sick Leave in Early Complex Regional Pain Syndrome Type-1. Clin J Pain 32, 130–138.
Bean, D.J., Johnson, M.H., Kydd, R.R. (2014). The outcome of complex regional pain syndrome type 1: a systematic review. J Pain 15, 677–690.
Beaton, D.E., Wright, J.G., Katz, J.N., Amadio, P., Bombardier, C., Cole, D., Davis, A., Hudak, P., Marx, R., Hawker, G., Makela, M., Punnett, L. (2005). Development of the QuickDASH: COmparison of three item-reduction approaches. Journal of Bone and Joint Surgery - Series A 87, 1038–1046.
Beerthuizen, A., Stronks, D.L., Van’t Spijker, A., Yaksh, A., Hanraets, B.M., Klein, J., Huygen, F.J.P.M. (2012). Demographic and medical parameters in the development of complex regional pain syndrome type 1 (CRPS1): prospective study on 596 patients with a fracture. Pain 153, 1187–1192.
van den Berg, C., de Bree, P.N., Huygen, F.J.P.M., Tiemensma, J. (2022). Glucocorticoid treatment in patients with complex regional pain syndrome: A systematic review. Eur J Pain 26, 2009–2035.
Binkley, J.M., Stratford, P.W., Lott, S.A., Riddle, D.L. (1999). The Lower Extremity Functional Scale (LEFS): scale development, measurement properties, and clinical application. North American Orthopaedic Rehabilitation Research Network. Phys Ther 79, 371–383.
Birklein, F., Ajit, S.K., Goebel, A., Perez, R.S.G.M., Sommer, C. (2018a). Complex regional pain syndrome — phenotypic characteristics and potential biomarkers. Nature Reviews Neurology 14, 272.
Birklein, F., Ajit, S.K., Goebel, A., Perez, R.S.G.M., Sommer, C. (2018b). Complex regional pain syndrome — phenotypic characteristics and potential biomarkers. Nat Rev Neurol 14, 272–284.
Bruehl, S. (2015). Complex regional pain syndrome. BMJ 351, h2730.
Bruehl, S., Billings, F.T., Anderson, S., Polkowski, G., Shinar, A., Schildcrout, J., Shi, Y., Milne, G., Dematteo, A., Mishra, P., Harden, R.N. (2022). Preoperative Predictors of Complex Regional Pain Syndrome Outcomes in the 6 Months Following Total Knee Arthroplasty. J Pain 23, 1712–1723.
Bruehl, S., Maihöfner, C., Stanton-Hicks, M., Perez, R.S.G.M., Vatine, J.-J., Brunner, F., Birklein, F., Schlereth, T., Mackey, S., Mailis-Gagnon, A., Livshitz, A., Harden, R.N. (2016). Complex regional pain syndrome: evidence for warm and cold subtypes in a large prospective clinical sample. PAIN 157, 1674–1681.
Brun, C., Giorgi, N., Pinard, A.-M., Gagné, M., McCabe, C.S., Mercier, C. (2019). Exploring the Relationships Between Altered Body Perception, Limb Position Sense, and Limb Movement Sense in Complex Regional Pain Syndrome. The Journal of Pain 20, 17–27.
Brunner, F., Bachmann, L. m., Perez, R. s. g. m., Marinus, J., Wertli, M. m. (2017). Painful swelling after a noxious event and the development of complex regional pain syndrome 1: A one-year prospective study. European Journal of Pain 21, 1611–1617.
Bultitude, J.H., Walker, I., Spence, C. (2017a). Space-based bias of covert visual attention in complex regional pain syndrome. Brain 140, 2306–2321.
Bultitude, J.H., Walker, I., Spence, C. (2017b). Space-based bias of covert visual attention in complex regional pain syndrome. Brain 140, 2306–2321.
Clark, J., Nijs, J., Yeowell, G., Goodwin, P.C. (2017). What Are the Predictors of Altered Central Pain Modulation in Chronic Musculoskeletal Pain Populations? A Systematic Review. Pain Physician 20, 487–500.
Cleeland, C. (2009). The Brief Pain Inventory: User Guide.
Cohen, H., McCabe, C., Harris, N., Hall, J., Lewis, J., Blake, D. r. (2013). Clinical evidence of parietal cortex dysfunction and correlation with extent of allodynia in CRPS type 1. European Journal of Pain 17, 527–538.
Cuschieri, S. (2019). The STROBE guidelines. Saudi J Anaesth 13, S31–S34.
Dietz, C., Müller, M., Reinhold, A.-K., Karch, L., Schwab, B., Forer, L., Vlckova, E., Brede, E.-M., Jakubietz, R., Üçeyler, N., Meffert, R., Bednarik, J., Kress, M., Sommer, C., Dimova, V., Birklein, F., Rittner, H.L. (2019). What is normal trauma healing and what is complex regional pain syndrome I? An analysis of clinical and experimental biomarkers. PAIN 160, 2278.
Dimova, V., Herrnberger, M.S., Escolano-Lozano, F., Rittner, H.L., Vlckova, E., Sommer, C., Maihöfner, C., Birklein, F. (2020). Clinical phenotypes and classification algorithm for complex regional pain syndrome. Neurology 94, e357–e367.
Dualé, C., Bauer, U., Storme, B., Eljezi, V., Ruscheweyh, R., Eschalier, S., Dubray, C., Guiguet-Auclair, C. (2019). Transcultural adaptation and French validation of the Pain Sensitivity Questionnaire. Can J Anesth/J Can Anesth 66, 1202–1212.
Ferraro, M.C., O’Connell, N.E., Sommer, C., Goebel, A., Bultitude, J.H., Cashin, A.G., Moseley, G.L., McAuley, J.H. (2024). Complex regional pain syndrome: advances in epidemiology, pathophysiology, diagnosis, and treatment. The Lancet Neurology 23, 522–533.
Filbrich, L., Alamia, A., Verfaille, C., Berquin, A., Barbier, O., Libouton, X., Fraselle, V., Mouraux, D., Legrain, V. (2017). Biased visuospatial perception in complex regional pain syndrome. Sci Rep 7, 9712.
Filbrich, L., Kuzminova, A., Molitor, V., Verfaille, C., Mouraux, D., Berquin, A., Barbier, O., Libouton, X., Legrain, V. (2023). Characterizing biased visuospatial perception in complex regional pain syndrome. Eur J Pain 27, 871–883.
Filbrich, L., Torta, D.M., Vanderclausen, C., Azañón, E., Legrain, V. (2016). Using temporal order judgments to investigate attention bias toward pain and threat-related information. Methodological and theoretical issues. Conscious Cogn 41, 135–138.
Gaynor, S.M., Bortsov, A., Bair, E., Fillingim, R.B., Greenspan, J.D., Ohrbach, R., Diatchenko, L., Nackley, A., Tchivileva, I.E., Whitehead, W., Alonso, A.A., Buchheit, T.E., Boortz-Marx, R.L., Liedtke, W., Park, J.J., Maixner, W., Smith, S.B. (2021). Phenotypic profile clustering pragmatically identifies diagnostically and mechanistically informative subgroups of chronic pain patients. Pain 162, 1528–1538.
Georgopoulos, V., Akin-Akinyosoye, K., Zhang, W., McWilliams, D.F., Hendrick, P., Walsh, D.A. (2019). Quantitative Sensory Testing (QST) and predicting outcomes for musculoskeletal pain, disability and negative affect: a systematic review and meta-analysis. Pain 160, 1920–1932.
Gierthmühlen, J., Binder, A., Baron, R. (2014). Mechanism-based treatment in complex regional pain syndromes. Nat Rev Neurol 10, 518–528.
Gierthmühlen, J., Maier, C., Baron, R., Tölle, T., Treede, R.-D., Birbaumer, N., Huge, V., Koroschetz, J., Krumova, E.K., Lauchart, M., Maihöfner, C., Richter, H., Westermann, A., German Research Network on Neuropathic Pain (DFNS) study group (2012). Sensory signs in complex regional pain syndrome and peripheral nerve injury. Pain 153, 765–774.
Goebel, A., Barker, C., Birklein, F., Brunner, F., Casale, R., Eccleston, C., Eisenberg, E., McCabe, C.S., Moseley, G.L., Perez, R., Perrot, S., Terkelsen, A., Thomassen, I., Zyluk, A., Wells, C. (2019). Standards for the diagnosis and management of complex regional pain syndrome: Results of a European Pain Federation task force. European Journal of Pain 23, 641–651.
Goebel, A., Birklein, F., Brunner, F., Clark, J.D., Gierthmühlen, J., Harden, N., Huygen, F., Knudsen, L., McCabe, C., Lewis, J., Maihöfner, C., Magerl, W., Moseley, G.L., Terkelsen, A., Thomassen, I., Bruehl, S. (2021). The Valencia consensus-based adaptation of the IASP complex regional pain syndrome diagnostic criteria. Pain 162, 2346–2348.
Gutiérrez-Espinoza, H., Zavala-González, J., Gutiérrez-Monclus, R., Araya-Quintanilla, F. (2022). Functional Outcomes After a Physiotherapy Program in Elderly Patients With Complex Regional Pain Syndrome Type I After Distal Radius Fracture: A Prospective Observational Study. Hand (N Y) 17, 81S-86S.
Halicka, M., Vittersø, A.D., Proulx, M.J., Bultitude, J.H. (2020). Neuropsychological Changes in Complex Regional Pain Syndrome (CRPS). Behav Neurol 2020, 4561831.
Harden, N.R., Bruehl, S., Perez, R.S.G.M., Birklein, F., Marinus, J., Maihofner, C., Lubenow, T., Buvanendran, A., Mackey, S., Graciosa, J., Mogilevski, M., Ramsden, C., Chont, M., Vatine, J.-J. (2010). Validation of proposed diagnostic criteria (the “Budapest Criteria”) for Complex Regional Pain Syndrome. Pain 150, 268–274.
Harden, R.N., Maihofner, C., Abousaad, E., Vatine, J.-J., Kirsling, A., Perez, R.S.G.M., Kuroda, M., Brunner, F., Stanton-Hicks, M., Marinus, J., van Hilten, J.J., Mackey, S., Birklein, F., Schlereth, T., Mailis-Gagnon, A., Graciosa, J., Connoly, S.B., Dayanim, D., Massey, M., Frank, H., Livshitz, A., Bruehl, S. (2017). A prospective, multisite, international validation of the Complex Regional Pain Syndrome Severity Score. Pain 158, 1430–1436.
Harden, R.N., McCabe, C.S., Goebel, A., Massey, M., Suvar, T., Grieve, S., Bruehl, S. (2022). Complex Regional Pain Syndrome: Practical Diagnostic and Treatment Guidelines, 5th Edition. Pain Med 23, S1–S53.
Helyes, Z., Tékus, V., Szentes, N., Pohóczky, K., Botz, B., Kiss, T., Kemény, Á., Környei, Z., Tóth, K., Lénárt, N., Ábrahám, H., Pinteaux, E., Francis, S., Sensi, S., Dénes, Á., Goebel, A. (2019). Transfer of complex regional pain syndrome to mice via human autoantibodies is mediated by interleukin-1-induced mechanisms. Proc Natl Acad Sci U S A 116, 13067–13076.
Herdman, M., Gudex, C., Lloyd, A., Janssen, M., Kind, P., Parkin, D., Bonsel, G., Badia, X. (2011). Development and preliminary testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life Res 20, 1727–1736.
Herrmann, C. (1997). International experiences with the Hospital Anxiety and Depression Scale--a review of validation data and clinical results. J Psychosom Res 42, 17–41.
Hertel, E., Arendt-Nielsen, L., Olesen, A.E., Andersen, M.S., Petersen, K.K.-S. (2024). Quantitative sensory testing, psychological factors, and quality of life as predictors of current and future pain in patients with knee osteoarthritis. Pain.
Hill, J.C., Whitehurst, D.G.T., Lewis, M., Bryan, S., Dunn, K.M., Foster, N.E., Konstantinou, K., Main, C.J., Mason, E., Somerville, S., Sowden, G., Vohora, K., Hay, E.M. (2011). Comparison of stratified primary care management for low back pain with current best practice (STarT Back): a randomised controlled trial. Lancet 378, 1560–1571.
Irachabal, S., Koleck, M., Rascle, N., Bruchon-Schweitzer, M. (2008). [Pain coping strategies: French adaptation of the coping strategies questionnaire (CSQ-F)]. Encephale 34, 47–53.
Keller, S., Bann, C.M., Dodd, S.L., Schein, J., Mendoza, T.R., Cleeland, C.S. (2004). Validity of the brief pain inventory for use in documenting the outcomes of patients with noncancer pain. Clin J Pain 20, 309–318.
Knudsen, L., Santoro, L., Bruehl, S., Harden, N., Brunner, F. (2023). Subtypes of complex regional pain syndrome-a systematic review of the literature. Pain Rep 8, e1111.
Korogod, N., Steyaert, A., Nonclercq, O., Opsommer, E., Berquin, A. (2022). Can the French version of the short Örebro Musculoskeletal Pain Screening Questionnaire or its subsets predict the evolution of patients with acute, (sub) acute and chronic pain? BMC Musculoskelet Disord 23, 311.
Lee, J., Lim, Y.H., Hong, S.J., Jeong, J.H., Choi, H.R., Park, S.K., Kim, J.E., Park, E.H., Kim, J.H. (2021). Multicenter survey of symptoms, work life, economic status, and quality of life of complex regional pain syndrome patients. Korean J Pain 34, 288–303.
Lewis, J.S., Kersten, P., McCabe, C.S., McPherson, K.M., Blake, D.R. (2007). Body perception disturbance: a contribution to pain in complex regional pain syndrome (CRPS). Pain 133, 111–119.
Linton, S.J., Boersma, K. (2003). Early identification of patients at risk of developing a persistent back problem: the predictive validity of the Orebro Musculoskeletal Pain Questionnaire. Clin J Pain 19, 80–86.
Lorente, A., Mariscal, G., Lorente, R. (2023). Incidence and risk factors for complex regional pain syndrome in radius fractures: meta-analysis. Arch Orthop Trauma Surg 143, 5687–5699.
Louis, M.-H., Meyer, C., Legrain, V., Berquin, A. (2023). Biological and psychological early prognostic factors in complex regional pain syndrome: A systematic review. European Journal of Pain 27, 338–352.
Magerl, W., Krumova, E.K., Baron, R., Tölle, T., Treede, R.-D., Maier, C. (2010). Reference data for quantitative sensory testing (QST): refined stratification for age and a novel method for statistical comparison of group data. Pain 151, 598–605.
Maihöfner, C., Handwerker, H.O., Birklein, F. (2006). Functional imaging of allodynia in complex regional pain syndrome. Neurology 66, 711–717.
Meints, S.M., Mawla, I., Napadow, V., Kong, J., Gerber, J., Chan, S.-T., Wasan, A.D., Kaptchuk, T.J., McDonnell, C., Carriere, J., Rosen, B., Gollub, R.L., Edwards, R.R. (2019). The relationship between catastrophizing and altered pain sensitivity in patients with chronic low back pain. Pain 160, 833–843.
de Mos, M., de Bruijn, A.G.J., Huygen, F.J.P.M., Dieleman, J.P., Stricker, B.H.C., Sturkenboom, M.C.J.M. (2007). The incidence of complex regional pain syndrome: a population-based study. Pain 129, 12–20.
Moseley, G.L., Herbert, R.D., Parsons, T., Lucas, S., Van Hilten, J.J., Marinus, J. (2014). Intense pain soon after wrist fracture strongly predicts who will develop complex regional pain syndrome: prospective cohort study. J Pain 15, 16–23.
Moseley, L.G., Wiech, K. (2009). The effect of tactile discrimination training is enhanced when patients watch the reflected image of their unaffected limb during training. Pain 144, 314–319.
Mouraux, D., Lenoir, C., Tuna, T., Brassinne, E., Sobczak, S. (2021). The long-term effect of complex regional pain syndrome type 1 on disability and quality of life after foot injury. Disability and Rehabilitation 43, 967–975.
Mücke, M., Cuhls, H., Radbruch, L., Baron, R., Maier, C., Tölle, T., Treede, R.-D., Rolke, R. (2021). Quantitative sensory testing (QST). English version. Schmerz 35, 153–160.
Opsommer, E., Rivier, G., Crombez, G., Hilfiker, R. (2017). The predictive value of subsets of the Örebro Musculoskeletal Pain Screening Questionnaire for return to work in chronic low back pain. Eur J Phys Rehabil Med 53, 359–365.
Ott, S., Maihöfner, C. (2018). Signs and Symptoms in 1,043 Patients with Complex Regional Pain Syndrome. The Journal of Pain 19, 599–611.
Parkitny, L., McAuley, J.H., Herbert, R.D., Di Pietro, F., Cashin, A.G., Ferraro, M.C., Moseley, G.L. (2022). Post-fracture serum cytokine levels are not associated with a later diagnosis of complex regional pain syndrome: a case-control study nested in a prospective cohort study. BMC Neurol 22, 385.
Petersen, K.K.-S., Kilic, K., Hertel, E., Sejersgaard-Jacobsen, T.H., Jørgensen, M.K., Troelsen, A., Arendt-Nielsen, L., Boye Larsen, D. (2023). Quantitative sensory testing as an assessment tool to predict the response to standard pain treatment in knee osteoarthritis: a systematic review and meta-analysis. Pain Rep 8, e1079.
Pons, T., Shipton, E.A., Williman, J., Mulder, R.T. (2015). Potential Risk Factors for the Onset of Complex Regional Pain Syndrome Type 1: A Systematic Literature Review. Anesthesiol Res Pract 2015, 956539.
Rascle, N., Bruchon-Schweitzer, M., Sarason, I.G. (2005). Short Form of Sarason’s Social Support Questionnaire: French Adaptation and Validation. Psychol Rep 97, 195–202.
Reimer, M., Rempe, T., Diedrichs, C., Baron, R., Gierthmühlen, J. (2016). Sensitization of the Nociceptive System in Complex Regional Pain Syndrome. PLoS One 11, e0154553.
Richards, L., Palmiter-Thomas, P. (1996). Grip Strength Measurement: A Critical Review of Tools, Methods, and Clinical Utility. CRP 8.
Roh, Y.H., Gong, H.S., Baek, G.H. (2019). Prognostic Value of Pain Sensitization During Early Recovery After Distal Radius Fracture in Complex Regional Pain Syndrome. Pain Med 20, 1066–1071.
Roh, Y.H., Lee, B.K., Noh, J.H., Baek, J.R., Oh, J.H., Gong, H.S., Baek, G.H. (2014). Factors associated with complex regional pain syndrome type I in patients with surgically treated distal radius fracture. Arch Orthop Trauma Surg 134, 1775–1781.
Rolke, R., Baron, R., Maier, C., Tölle, T.R., Treede, -D. R., Beyer, A., Binder, A., Birbaumer, N., Birklein, F., Bötefür, I.C., Braune, S., Flor, H., Huge, V., Klug, R., Landwehrmeyer, G.B., Magerl, W., Maihöfner, C., Rolko, C., Schaub, C., Scherens, A., Sprenger, T., Valet, M., Wasserka, B. (2006a). Quantitative sensory testing in the German Research Network on Neuropathic Pain (DFNS): standardized protocol and reference values. Pain 123, 231–243.
Rolke, R., Magerl, W., Campbell, K.A., Schalber, C., Caspari, S., Birklein, F., Treede, R.-D. (2006b). Quantitative sensory testing: a comprehensive protocol for clinical trials. Eur J Pain 10, 77–88.
Sandroni, P., Benrud-Larson, L.M., McClelland, R.L., Low, P.A. (2003). Complex regional pain syndrome type I: incidence and prevalence in Olmsted county, a population-based study. Pain 103, 199–207.
Sinha, P., Calfee, C.S., Delucchi, K.L. (2021). Practitioner’s Guide to Latent Class Analysis: Methodological Considerations and Common Pitfalls. Crit Care Med 49, e63–e79.
Snoek, A., Dekker, M., Lagrand, T., Epema, A., van der Ploeg, T., van den Brand, J.G.H. (2013). A clinical decision model identifies patients at risk for delayed diagnosed injuries after high-energy trauma. Eur J Emerg Med 20, 167–172.
Sobeeh, M.G., Hassan, K.A., da Silva, A.G., Youssef, E.F., Fayaz, N.A., Mohammed, M.M. (2023). Pain mechanisms in complex regional pain syndrome: a systematic review and meta-analysis of quantitative sensory testing outcomes. Journal of Orthopaedic Surgery and Research 18, 2.
Ten Brink, A.F., Halicka, M., Vittersø, A.D., Jones, H.G., Stanton, T.R., Bultitude, J.H. (2021a). Validation of the Bath CRPS Body Perception Disturbance Scale. J Pain 22, 1371–1384.
Ten Brink, A.F., Halicka, M., Vittersø, A.D., Keogh, E., Bultitude, J.H. (2021b). Ignoring space around a painful limb? No evidence for a body-related visuospatial attention bias in complex regional pain syndrome. Cortex 136, 89–108.
van Velzen, G.A.J., Perez, R.S.G.M., van Gestel, M.A., Huygen, F.J.P.M., van Kleef, M., van Eijs, F., Dahan, A., van Hilten, J.J., Marinus, J. (2014). Health-related quality of life in 975 patients with complex regional pain syndrome type 1. Pain 155, 629–634.
Weller, B.E., Bowen, N.K., Faubert, S.J. (2020). Latent Class Analysis: A Guide to Best Practice. Journal of Black Psychology 46, 287–311.
Wertli, M.M., Brunner, F., Steurer, J., Held, U. (2017). Usefulness of bone scintigraphy for the diagnosis of Complex Regional Pain Syndrome 1: A systematic review and Bayesian meta-analysis. PLoS One 12, e0173688.
Woby, S.R., Roach, N.K., Urmston, M., Watson, P.J. (2005). Psychometric properties of the TSK-11: a shortened version of the Tampa Scale for Kinesiophobia. Pain 117, 137–144.
Woolf, C.J. (2011). Central sensitization: Implications for the diagnosis and treatment of pain. Pain 152, S2-15.
Zigmond, A.S., Snaith, R.P. (1983). The hospital anxiety and depression scale. Acta Psychiatr Scand 67, 361–370.
de Zwart, B.C., Broersen, J.P., van der Beek, A.J., Frings-Dresen, M.H., van Dijk, F.J. (1997). Occupational classification according to work demands: an evaluation study. Int J Occup Med Environ Health 10, 283–295.
	
	
	





