Supplementary Material 1: Scale development

METHODS

Search strategy

To respond to this scale objective (i.e., rapidly establish the presence or absence of the categories of each domain of the model), we used a 2-step search strategy:
1/ To determine if one or more screening tool(s) are existing to detect the presence of the entire category. For example, does a screening tool regarding nervous system hypersensitivity exist? If the screening tool covers all the elements of this category, step 2 is not considered.
2/ If a screening tool does not exist or if they partially integrate the elements of the category, the second step allows determining if one or more assessment tool(s) for each non-covered element exist.

Thus, for the first step, the search equation includes: a/ target population ((« low back pain »[Title] OR « musculoskeletal pain »[Title] OR « musculoskeletal condition* »[Title] OR « chronic pain »[Title]), b/ the category of the model and its synonyms (for example, « pain behavior* »[Title] OR « pain behaviour* »[Title] OR « communicative behavior* »[Title] OR  « communicative behaviour* »[Title] OR « protective behavior* »[Title] OR « protective behaviour* »[Title] OR avoidance[Title] OR endurance[Title]), and c/ screening (« screen* »[Title]). For this strategy, the [Title] filter can involve toward [Title/Abstract] filter if the initial equation does not allow obtaining satisfying results. 


For the second step, the search equation includes: a/ the target population, b/ the element of the category and its synonyms (for example, « sensory change* »[Title] OR allodyni*[Title] OR hyperalgesi*[Title] OR hypoesthesi*[Title] OR hypesthesi*[Title] OR hyperesthesi*[Title] paresthesi*[Title]), c/ assessment and its synonyms as well as assessment-related words (assess*[Title] OR assessment[Title] OR evaluat*[Title] OR measure*[Title] OR exam*[Title] OR diagnos*[Title] OR questionnaire*[Title] OR scale*[Title] OR index[Title] OR inventory[Title] OR tool*[Title]). For this strategy, the [Title] filter can involve toward [Title/Abstract] filter if the initial equation does not allow obtaining satisfying results. 

We applied this search strategy in two databases: PubMed and Scopus.

Eligibility principles and criteria

We applied six clinical principles for selecting the measure instruments/procedures: 1/ Time to complete the instrument/procedure, 2/ the need of equipment to perform the procedure and its cost, 3/ the clinical utility (for example, if a 5-item questionnaire brings the same information as a 30 min test, we will prioritize the questionnaire), 4/ the clinical habits regarding procedures (for example, a known and well-disseminated procedure such as neurological exam will be prioritized beside a recent and few disseminated procedure), 5/ clinicians, knowledge regarding the measured concept (for example, an unfamiliar concept such as central sensitization would require the selection of several instruments/procedures in order to give clinicians the choice to use the procedure that best suits them), and 6/ Psychometric data comparison.
We also applied a selection criterion: i/ the instrument or procedure must be validated for low back pain or chronic pain.


Selection process

An evaluator (FN) performed the selection process according to the six principles and the inclusion criterion. After the application of the search strategy, the evaluator made a list of the instruments/procedures validated for our target population (inclusion criterion) and able to screen the category of interest (or assess the element of interest). Then, for the clinical principles (principles 1 to 5), the evaluator extracted available data from the development study of the instrument/procedure. If this data was not available in this study, the evaluator performed a targeted research on PubMed. Finally, for the principle regarding psychometric properties, the evaluator privileged data from systematic review or psychometric meta-analysis. If synthesis review was not available, the evaluator performed a targeted research on PubMed to find all articles in relation with validity and reliability of the instruments/procedures.
The finale decision regarding the instruments/procedures included in the rating scale was made in consultation with a second reviewer (YTL).


RESULTS

Briefly, we found screening and/or assessment instruments/procedures that allow rapidly screening the categories of the five domains excepted for the category of maladaptive pain behaviors. The Delphi method has validated observable elements for this category. Thus, we performed a systematic search and review in order to determine the observable pain behaviors that patients can exhibit during rehabilitation (1). The Table 1 allows matching the elements of the model with the chosen instruments/procedures.

In order to make the selection process explicit, the following section presents the example of the category of the nervous system hypersensitivity. The search equation was: (("low back pain"[Title] OR "musculoskeletal pain"[Title] OR "musculoskeletal condition*"[Title] OR "chronic pain"[Title]) AND ("nervous system hypersensitivity"[Title] OR "central sensitization"[Title]) AND screen*[Title]). No screening instrument/procedure was found. We modified the filter of screening word from [Title] to [Title/Abstract]. This strategy allowed finding four studies on PubMed and five studies on Scopus regarding the screening of nervous system hypersensitivity. The first step of the selection process was to elaborate a list of the available instruments/procedures. Three screening instruments/procedures were validated for our population: the Central Sensitization Inventory-25 items, the Central Sensitization-9 items, and the Quantitative Sensory Testing. The Table 2 synthesized the selection principles. At the end of the selection process, we retained the Central Sensitization Inventory-25 items (CSI-25). However, CSI-9 has the advantage of being faster than the CSI-25, we opted to incorporate it despite the data source (data source of CSI-25: systematic review, data source of CSI-9: development and psychometric properties study). Also, these questionnaires did not cover the entirety of the elements included in the category B of the nervous system dysfunction drivers domain. Thus, we performed search equations for the remaining elements in order to determine assessment instruments/procedures of which explanation, cut-off and interpretation are available in a mind map on the PDDM model (See the following section). Finally, we built the item with three distinct parts: 1/ central sensitization-related elements, 2/ the mechanosensitivity (because the mechanosensitivity can be positive without central sensitization), and 3/ sleep disturbances (because they can be present before central sensitization (2).



Help with the use of the scale

The developed rating scale is composed of numerous recent concepts (e.g., central sensitization), unfamiliar (e.g., self-efficacy), and assessed or screened with few disseminated instruments/procedures. In order to facilitate the clinical integration of this rating scale without overloading the content of the scale, we decided to develop a website with a mind map of the PDDM model (Figure 1). This mind map proposes the clinical reasoning associated with the model, the structure and content of the model, and also pedagogic content. For each element, presentation of the concept and an assessment tool with its interpretation are available (Figure 2). Thus, clinicians can familiarize with the model. This mind map allows detailing the content of the developed rating scale. For example, the mind map details the signs of an active inflammatory process mentioned in the category B of the nervous system dysfunction drivers domain of the scale (Figure 3).
















	
Table 1: Match between the elements of the PDDM model and the instruments/procedures included in the rating scale.

	Domain 1: NOCICEPTIVE PAIN DRIVERS

	Category A: Responder to Classification system
	Chosen instruments/procedures

	· 1/ Specific mechanical pattern of pain

	· Treatment-Based Classification (3)

	Category B: Non-responder to classification system
	

	· 2/ Low back pain without any specific mechanical pattern 

· 3/ Nociceptive pain related to identifiable structural stability deficits (post-fracture, post-surgery)

· 4/ Presence of signs/symptoms of an active inflammatory process
	· Treatment-Based Classification (negative result)

· Anamnesis for medical history/Procedures from Petersen et al. for anatomic structures (4)

· Signs and symptoms from InformedHealth.org (PubMed)

	Domain 2: NERVOUS SYSTEM DYSFUNCTION DRIVERS

	Category A: Peripheral  sources of nervous system dysfunctions
	

	· 5/ Radicular pain pattern 

· 6/ Tingling/paresthesia or burning/shooting pain

· 7/ Signs of radiculopathy 

· 8/ Signs of myelopathy
	· Anamnesis or self-reported from Mulvey et al. (5)

· Anamnesis or self-reported from Mulvey et al. (5)

· Signs from van der Windt et al. (6)

· Signs from Issack et al. (7)

	Category B: Nervous system hypersensitivity
	

	· 9/ Evidence of increased neural mechanosensitivity 


· 10/ Evidence of hyperalgesia

· 11/ Evidence of allodynia

· 12/ Evidence of disproportionate pain intensity in relation to injury

· 13/ Hypersensitivity of senses unrelated to the MSK system 

· 14/ Evidence of sympathetic nervous system dysfunction (i.e. sweating/dryness, skin temperature changes) 

· 15/ Symptoms of dysesthesia

· 16/ Evidence of widespread pain location

· 17/ Sleep disturbances secondary to painful symptoms
	· Prone knee bend test (8), Slump test (9), Straight Leg Raise test (10)

· Clinical signs and possible tests from Mücke et al. (11)

· Clinical signs and possible tests from Mücke et al. (11)


· Brief Pain Inventory (pain severity) (12)


· Central Sensitization Inventory-25 items (Q7-20) (13)

· Signs from Liao et al. (14)


· Clinical signs and possible tests from Mücke et al. (11)

· Central Sensitization Inventory-25 items (Q9) OR CSI-9 (Q3) (15)

· Central Sensitization Inventory-25 items (Q1-12-17-22) OR CSI-9 (Q1-5) OR Brief Pain Inventory (Q9)

	Domain 3: COMORBIDITY DRIVERS

	Category A: Physical comorbidities
	

	· 18/ Identified/known co-occurring painful musculoskeletal pathologies
· Osteoarthritis, Rheumatoid arthritis, Spondylarthritis, etc 
· Any other painful musculoskeletal pathology triggering pain 

· 19/ Identified/known co-occurring disorders related to pain sensitization, such as: 
· Chronic fatigue, Migraines, Irritable bowel syndrome, Fibromyalgia

	· Comorbidities from Hartvigsen et al. (16)



· Comorbidities from Rundell et al. (17), Hestbaeck et al. (18), OR Central Sensitization Inventory-25 items (Part B)

	Category B: Mental-health comorbidities
	

	· 20/ Mental health disorders (within the DSM-5):
· Depressive disorders
· Anxiety disorders

· Personality disorders
· History of Substance-use disorder
· 21/ PTSD (Post-Traumatic Stress Disorder)

· 22/ Patient-reported sleep disorders
	· Beck Depression Inventory-II (19)

· Central Sensitization Inventory-25 items (Q3-15) OR Generalized Anxiety Dirsorder-7 (20)
· Standardised Assessment of Personnality – Abbreviated scale (21)
· Anamnesis
· Post-Traumatic Stress Disorder-8 Scale (22)

· Central Sensitization Inventory (Part B) OR (Insomnia Severity Index (23) AND/OR Fatigue Severity Scale (24))

	Domain 4: COGNITIVE-EMOTIONAL DRIVERS

	Category A: Maladaptive cognitive-emotional factors
	

	




· 23/ Pain catastrophizing

· 24/ Pain-related anxiety 

· 25/ Negative mood 

· 26/ Fear of movement

· 27/ Pain-related fears 

· 28/ Poor Self-efficacy 

· 29/ High Illness perception 

· 30/ Pain expectations

· 31/ Negative/low expectation of recovery

· 32/ Low Pain coping 

· 33/ Poor knowledge relating to pain science


· 34/ Perceived injustice

· 35/ Perception that medical treatments are still needed or incomplete
	· STart Back Screening tool: The tool covers no element of this category. However, its prognostic ability (prediction of disability) based on psychosocial factors is relevant for clinicians (25,26).

· Pain Catastrophizing Scale (27)

· Pain Anxiety Symptoms Scale-20 (28)

· Central Sensitization Inventory-25 items (Q16) OR Beck Depression Inventory-II 
· Tampa Scale of Kinesiophobia-17 items (29)

· Fear Avoidance Components Scale (30)

· Chronic Pain Self Efficacy Scale (31)

· Brief Illness Perception Questionnaire (32)

· Brief Illness Perception Questionnaire 

· Brief Illness Perception Questionnaire 

· Chronic Pain Coping Inventory (33)

· Revised neurophysiology of pain (34) OR Fear Avoidance Beliefs Questionnaire (35)

· Injustice Experience Questionnaire (36)

· Brief Illness Perception Questionnaire 


	Category B: Maladaptive pain behaviors
	

	· 36/ Facial expressions (e.g., grimacing or wincing)

· 37/ Verbal/paraverbal pain expressions (e.g., pain words, grunts, sighs, and moans)

· 38/ A guarded posture (e.g., keeping the back straight while lifting)

· 39/ Bending/rubbing the back after performing an activity

· 40/ Completely avoiding performing a task  

· 41/ Discordance between reported behaviors (by the patient) and observed behaviors (by the therapist)
	· List of observable pain behaviors (1)

· If clinicians want to quantify this category, the mind map proposes:
· Avoidance behaviors: BAT-Back (37)
· Endurance behaviors: Avoidance Endurance Questionnaire (38)

	Domain 5: CONTEXTUAL DRIVERS

	Category A: Occupational context
	

	





· 42/ Low return to work expectations


· 43/ Low Job satisfaction


· 44/ Perception of heavy work 


· 45/ High job stress


· 46/ High Occupational demands


· 47/ Job flexibility 


· 48/ Employer’s policies regarding return to work are limited or restrictive
	· Örebro Musculoskeletal Pain Screening Questionnaire-short form: The tool covers no element of this category. However, its prognostic ability (prediction of return-to-work) based on psychosocial factors is relevant for clinicians (39)

· Anamnesis OR Obstacles to Return-to-Work Questionnaire (part 3) (40)

· Anamnesis OR Obstacles to Return-to-Work Questionnaire (part 2) 

· Anamnesis OR Obstacles to Return-to-Work Questionnaire (part 2) 

· Anamnesis OR Obstacles to Return-to-Work Questionnaire (part 2) 

· Anamnesis OR Obstacles to Return-to-Work Questionnaire (part 2) 

· Anamnesis OR Obstacles to Return-to-Work Questionnaire (part 2) 

· Anamnesis OR Obstacles to Return-to-Work Questionnaire (part 2) 

	Category B: Social context
	

	· 49/ Poor attitudes of employer, family or health care professionals

· 50/ Low or non-access to care 

· 51/ Communication barriers
	· Anamnesis

· Anamnesis

· Anamnesis





Table 2: Selection principles for the screening tool of the category B of the nervous system hypersensitivity drivers domain.

	Tool
	Time to complete
	Equipment
	Clinical utility
	Clinical habits
	Clinicians’ knowledge
	Psychometric properties
	Data from

	Central Sensitization Inventory-25 items (13,41)
	No information but presume <10 min
	No specific equipment required
	·Cut-off
·Severity levels
	No well-disseminated

	No well known
	·Reliable
·Valid
	Systematic review

	Central Sensitization Inventory-9 items (15,42)
	No information but presume <10 min
	No specific equipment required
	Cut-off
	No well-disseminated

	No well known
	·Reliable
·Valid
	Development study

	Quantitative Sensory Testing (43)
	Time-consuming
	·Specific equipment required 
·Expensive 
	Cut-off
	No well-disseminated

	No well known
	Reliable

	Systematic review and meta-analysis





Figure 1: The developed mind map of the PDDM model.
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Figure 2: PDDM mind map: Example of the branch related to nervous system dysfunction drivers domain.
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Figure 3: Pedagogic content included in the mind map. Example for signs of radiculopathy and interpretation of the Central Sensitization Inventory.
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Supplementary Material 2: Initial version of the PDDM rating scale

Item 1: Nociceptive pain drivers

O : □ The patient reports no symptom of pain.

A : □ Pain is influenced according to a mechanical pattern (e.g. reproduced during trunk movements, pain that increases during the day, stereotyped pain) and the patient responds to the criteria of a classification system among the following list: i) symptom modulation, ii) movement control, iii) functional optimization.

[bookmark: _Hlk31121428]B : □ The patient DOES NOT respond to the criteria of a classification system.
OR
□ The patient seems to suffer from an active inflammatory process (e.g. Ankylosing Spondylitis flare) and/or the painful symptoms are not in relation with any mechanical pattern.
OR
□ The patient had a recent (less than three months) lumbar surgery or trauma (e.g. fracture) or presents disuse/deconditioning (e.g. global muscle deficits, sedentary patient).

Item 2: Nervous system dysfunction drivers 

	O : □ No sign or symptom.

A : □ The patient shows painful symptoms as burning pain or electric shock which irradiate within a radicular pain pattern and/or paresthesia/tingling in a specific dermatome.
OR
□ □ The patient presents with a radiculopathy or myelopathy with at least 1 positive sign on neurological assessment:
- myotomes,
- dermatomes,
- loss of osteo-tendinous reflex and/or neurogenic claudication.


B : □ The physical examination revealed evidence of hypersensitivity by the presence of at least 1 element of the following list:
- Allodynia,
- Evidence of disproportionate pain intensity,
- Hyperalgesia, 
- Widespread pain,
- Sympathetic nervous system dysfunctions (sweating, trophic or temperature changes in the skin),
- A score ≥40 on the Central Sensitization Inventory-25 items OR a score ≥20 on the Central Sensitization Inventory -9 items.

OR
□ The patient presents evidence of increased neural mechanosensitivity (i.e. SLUMP test, PKB test or SLR test).
OR
□ Pain disturbs patient’s sleep (important sleep disturbances directly related to the painful symptoms).



Item 3: Comorbidity factors 

O : □ No comorbidity.

A : □ The patient reports ongoing painful comorbidity factors related to the musculoskeletal system (osteoarthritis, rheumatoid, tendinopathy, muscle or ligament tears).
OR
□ The patient reports pathology related to chronic pain (fibromyalgia, restless legs, migraine, complex regional pain syndrome, irritable bowel).

B : □ The patient reports sleep disorders not related to the actual pain (ex: insomnia, sleep apnea).
OR
□ The patient reports a diagnosis related to mental health disorder (depression, anxiety disorder, personality disorder, substance abuse or other DSM-5 diagnoses) and/or post-traumatic stress disorder.


Item 4: Cognitive-emotional drivers

	O : □ score ≤3 on the STart Back Screening Tool and the patient has no relevant maladaptive pain behaviors

A : □ Score >3 on the STart Back Screening Tool.
AND
□ The assessment (history and physical examination) highlights at least 2 "maladaptive" elements from the cognitive-emotional domain among:
- Pain-related anxiety,
- Pain-related fear OR fear of movement (kinesiophobia),
- Maladaptive beliefs about pain,
- Passive or harmful coping,
- Low level of understanding of one's health condition,
- Low perceived treatment efficacy,
- Low self-efficacy,
- Perception of injustice related to his situation,
- Negative anticipation of the evolution of his condition,
- High level of catastrophization,
- Strong perception of "being sick".


B : □ The patient exhibits maladaptive behaviors related to pain such as:
- Avoidance of certain tasks/movement,
- Facial expressions (e.g. grimacing, wincing during movement),
- A guarded posture,
- Moving as a block,
- Verbal/paraverbal pain expressions (e.g. grunts, sighs).




Item 5: Contextual drivers

O : □ No occupational or social factor identified.

A : □ score >49 on the Örebro
OR
□ The patient is on sick leave (total or partial) (or unable to participate in one of his/her occupations if he/she is retired or unemployed) and foresees obstacles for his/her return-to-work/occupation such as:
- Rigid internal return-to-work/occupation regulations,
- Perception of heavy work/occupation,
- High job/occupation stress,
- Low job/occupation satisfaction.

B : □ The patient CANNOT rely on the presence of a social support (family and friends) or professional (employer and colleagues) or caregivers facilitating his/her rehabilitation process (positive and empathetic attitude towards his/her condition)
OR
□ The patient is confronted with at least one element related to the social context among the following list:
	- Negative experience during a previous episode of care,
	- Restricted or non-existent access to the required care,
	- Communication barriers (e.g., language, culture, difficulty telling his/her medical        history).
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