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Introduction

Musculoskeletal disorders: «This aggregate cause incorporates death and, mostly,
disability resulting from rheumatoid arthritis, osteoarthritis, low back pain, neck pain,
gout, and a large residual category of other musculoskeletal disorders.»

I Rheumatoid arthritis Deaths YLLs YLDs DALYs

[ Osteoarthritis
I Low back pain
1 Neck pain 1990 19th 20th 1st 12th

[ Other musculoskeletal disorders

[ Other causes 2010 19th 19th 1st 7th

2019 19th 19th 1st 6th

Table 3: Rank among Level 2 causes for global deaths, YLLs, YLDs, and
DALYs in 1990, 2010, and 2019, for both sexes combined

Figure 1: Composition of DALYs by constituent Level 3 causes for both sexes combined, 2019

> Lancet. 2021 Dec 19;396(10267):2006-2017. doi: 10.1016/S0140-6736(20)32340-0.

AR WHO is responding to the burden
Global estimates of the need for rehabilitation based attributed to musculoskeletal conditions
on the Global Burden of Disease study 2019: a thro ug h Rehabilitation 2030 initiative
systematic analysis for the Global Burden of Disease
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The Value of good data

To improve global health, researchers and policymakers need a comprehensive picture
of what makes people sick and what kills people all over the world.

Why Good Data Matters:

« Q, Foundation for Insight
High-quality, reliable data are essential to generate valid conclusions about the
burden, causes, and progression of musculoskeletal disorders.

. Bridging Disciplines
Robust data enable true integration across epidemiology, neuroscience, and
psychosocial sciences, fostering a holistic understanding of pain and function.

. @ E Driving Patient-Centered Care
Accurate data enhance clinical decision-making, supporting tailored interventions
that reflect real patient experiences and needs — leading to better outcomes.

. @ Informing Policy & Prevention
Data-driven evidence underpins effective public health strategies, health service
planning, and resource allocation for long-term impact.

« %> In Short:
Good data isn't just numbers — it's the key to delivering smarter, more
compassionate, and more effective care.

Optimal patient care

Shared decision
ma_k'ingf

Patient-centered
communication skills

Evidence-based
medicine

Hoffmann TC, Montori VM, Del Mar C. The Connection Between
Evidence- Based Medicine and Shared Decision Making. JAMA.
2014;312(13):1295-1296.d 0i:10.1001/jama. 2014.10186



Aim of the project

The aim of this PhD project is to study a comprehensive model for the assessment of

musculoskeletal disorders that integrates epidemiology, pain neuroscience, and the
biopsychosocial model.

Pain Neuroscience:
Nociceptive, heuropathic and
nociplastic pain

Epidemiology:
Burden of Musculoskeletal disorders
in italy

W®R  nternational Association for the Study of Pain

|
C\
O"‘-
..“‘l.
5‘ A ®
Workin lief

rking together for pain relief

W [nstitute for
Health Metrics
and Evaluation

@Y World Health
XY



Epidemiology:
Burden of Musculoskeletal disorders
in Italy
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Burden of Musculoskeletal disorders in Italy

f”’”{\ “Burden of Musculoskeletal Disorders in Italy: an analysis @ Institute for
géﬁ of the Global Burden of Disease Study Findings from 1990 Health Metrics
ITALIANG!.BDINITIATIVE to 2023” and Eva|UatI0n

Categories of MSK Disorders:

B.11.1 Rheumatoid arthritis
B.11.2.1 Osteoarthritis hip
B.11.2.2 Osteoarthritis knee
B.11.2.3 Osteoarthritis hand
B.11.2.4 Osteoarthritis other
B.11.3 Low back pain

B.11.4 Neck pain

B.11.5 Gout

B.11.6 Other musculoskeletal

Measures
What measure(s) will your paper cover?

Disability-adjusted Life Years (DALYSs)
Years lived with disability (YLDs)
. Prevalence

. Incidence
What sexes will your paper cover?

. Both
What age group(s) will your paper cover?
* All ages

Location

What location set will your paper
cover?

* National/multi-national

* Subnational



Global Burden of Disease Potential

Global
Both sexes, All ages, 2021, DALYs

COVID-19
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Sharing Data, Methods,
and Results

* Global Health Data Exchange (GHDx)
The Global Health Data Exchange is IHME's
online public catalog of health and
demographic data. The GHDx is a good
starting point for conducting data
inventories. It contains public entries for
nearly 77,000 datasets, including all of the
data currently utilized in the GBD study.

& IHME | GHDx

Home > Countries
Italy

Country Data Profiles

National Data
Systems

Final
Dataset

Published v International
Literature Databases
A A

A/
Collaborator
Survey Data A Data

Other Sources
Satellite Imagery
Cultural
Practices



How Health is Measured in the GBD

Data the GBD study collects about deaths, YLLs, YLDs, and
DALYs continue to sharpen our understanding of local-to-
global trends in health as researchers and policymakers

work to identify and address concerns f Dests
i a i o
| |
| |
« What are Years of Life Lost (YLLs)? | |
YLLs
YLLs measure the difference between an individual's age :4 & ’:
at death and their life expectancy at the time of their | |
death. ! !
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* What are Years Lived with Disability (YLDs)? _
| |stant_
YLDs represent the non-fatal component of the disease V'S'O”'mpa3_evefeacu;eigfemous
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What are DALYs?
DALYs = disability-adjusted life years
One DALY equals one lost year of healthy life.

DALYs are calculated as the sum of years of life lost
(YLLs) and years lived with disability (YLDs)

DALYs = YLLs + YLDs

Il Health

Expected
Life
Years

Healthy

Healthy Il Health




RESULTS

 MSKis ranked as 15t cause of YLDs globally.

 MSK disorders have 27% global increase in YLDs from 1990 to 2021.
 MSK disorders represents in ltaly 21.3% of total YLDs.

1990 rank

Global

Both sexes, All ages, YLDs per 100,000

2021 rank

1Mental disorders

1 Musculoskeletal disorders

2 Musculoskeletal disorders

2 Mental disorders

3 Other non-communicable

3 Sense organ diseases

Communicable, maternal,
neonatal, and nutritional
diseases

N i diseases

4 Neurologjcal disorders

- |4 Other non-communicable

5 Sanse organ diseases

~* | 5 Neurological disorders

6 Diabetes & CKD

7 Unintentional inj

7 Unintentional inj

8 Skin diseases

9 NTDs & malaria

"~ [9 Nutrtional deficiencies

10 Chronic respiratory

© -~ 10Gardiovascular diseases

11 Cardiovascular diseases

~ - | 11 chronic respiratory

12 Diabetes & CKD

12 Respiratory infections & T8

13 Substance use

13 Matemnal & neonatal

14 Maternal & neonatal

14 Substance use

15 Digestive diseases

" {15 Digestive diseases

16 Respiratory infections & TB

16 NTDs & malaria

17 Transport injuries

17 Transport injuries

18 Enteric infections.

18 Self-harm & violence

19 Self-harm & violence . 18 Neoplasms
20 Other infectious . "~ [20 Enteric infections
21 Neaplasms Tl 21 HIV/AIDS 8 STIs

[22HIv/AIDS & STIS 22 Other infectious

Q) IHME

Injuries

Other COVID-19 pandemic-
related outcomes

Italy

Both sexes, All ages, YLDs per 100,000

1990 rank 2021 rank
| 1 Low back pain }—{ 1 Low back pain | Communicable, maternal,
|2 Falls 2Falls I nfannalal, and nutritional

diseases

[3 Migraine Foo 3 Anxiety disorders | 1n ‘cable diseases
|4 Anxiety disorders T 2 4 Major depression | Injuries
[5 Major depression -l f5 Migraine J Other COVID-19 pandemic-
[6 Age-related hearing loss |—————————[6 Age-related hearing loss |  related outcomes

|7 other

.

7 Diabetes type 2

8 Neck pain 8 Other musculoskeletal
9 Other musculoskeletal R 9 Alzheimer's disease
10 Asthma < S 10 Neck pain

11 Diabetes type 2 ¥ 11 Osteoarthritis knee
12 Aizheimer's disease *{12 other gynecological
13 Bipolar disorder - 13 Edentulism

14 Alcohol use disorders <./ Jiscoro

15 Osteoarthritis knee ! /|16 Bipolar disorder

16 Schizophrenia s 16

17 Autism spectrum 17 Osteoarthritis hand
18 Edentulism ~ |18 Autism spectrum

19 Atopic derm 19 Atrial

| 20 Motor vehicle road inj 20 Gallbladder & biliary
|21corp [21 Alcohol use disorders

|22 other mechanical forces

22 Other mental disorders

|23 other mental disorders

{23 Asthma

|24 Dysthymia

[26 Dysthymia

|26 Gallbladder & biliary

{27 Atopic derm

(37 other mechanical forces

{51 Motor vehicle road inj

[270 itis hand
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Both sexes, All ages, YLDs per 100,000

1990 rank 2021 rank
|1 Monaco 1. {1Japan
|2 Denmark N 2 United States
3Japan et 3 Hungary
4 Germany 4 Canada
5 United States "5 Denmark
6 Canada 65 Korea
7 Hungary 7 Germany
8 Australia 8 Monaco
9 Switzerland | Janaly
10 United Kingdom ‘\ . 10 Portugal
11High SDI 11 High SDI
12 taly {12 Australia
13 Czechia 13 Uruguay
14 Ukraine - |14 Czechia
15 San Marino 15 Poland
16 Bulgaria 16 Chile
17 Uruguay |7 matta
18 Belgium 18 Bulgaria
19 Luxembourg 19 Greece
20 Chile {20 Ukraine
21 Greece 21 Taiwan (Province of China)
22 Austria *|22 san Marino
23 Poland 23 Romania
24 Romania 24 Croatia
25 Portugal - 25 Serbia
26 Groatia "\\ 27 United Kingdom
29 Serbia 28 Switzerland
32 Malta |38 Austria
53 8 Korea |42 Belgium

@q% :Pf_‘fgﬁg_fcmm |a8L

Annual % change
1990 to 2021
YLDs per 100,000

-2%
-1%
o

b |

2
3%

Southeast Asia, East Asia, and
Oceania

Central Europe, Eastern Europe,
and Central Asia

High-income

Latin America and Caribbean
North Africa and Middle East
South Asia

Sub-Saharan Africa

JeUOBN+IBIA

£

=

b



Risk factors
What is an "Attributable Risk Factor"?

A risk factor that increases the likelihood of disease or injury, and whose elimination would lead to a measurable

reduction in disease burden.

Main Categories of GBD Risk Factors

== Behavioral

e Unhealthy diet

e Tobacco use

e Alcohol consumption
* Physical inactivity

== Metabolic

e High blood pressure

e Elevated blood glucose

¢ High cholesterol

e High body mass index (BMI)

= Environmental and Occupational

e Air pollution
e Exposure to toxic substances
e Hazardous work environments

MSK
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Prevalence of MSK Disorders by Age and Sex

Sex Differences

*The global prevalence of MSK disorders is higher in females than in males.
Age-Related Trends

*Prevalence increases steadily with age, peaking between ages 65—69 in both sexes.

Impact on Older Adults

*The burden of disability (YLDs) due to MSK disorders is greatest in those aged 70 and older.

Future Projections

*Global MSK disorder cases are projected to rise from 494 million in 2020 to over 1 billion by 2050, driven by population
growth and aging.

Males, All ages, 2021 Females, All ages, 2021 Italy, Both sexes, 2021
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ITALIAN GBD INITIATIVE

> Lancet Public Health. 2025 Apr;10(4):e309-e320. doi: 10.1016/S2468-2667(25)00045-3.

State of health and inequalities among Italian

regions from 2000 to 2021: a systematic analysis
based on the Global Burden of Disease Study 2021

Mohsen Naghavi;|GBD 2021 Italy Subnational Burden of Disease Collaborators

Collaborators + expand
PMID: 40175012 PMCID: PMC11962357 DOI: 10.1016/52468-2667(25)00045-3

Findings: Life expectancy at birth in Italy increased from 79-6 years in 2000 to 83-4 years in 2019,
dropped to 82-2 vears in 2020 due to COVID-19, and recovered slightly to 82-7 years in 2021. HALE was

70-9 years (95% Ul 67-4-73-8) in 2021. Substantial regional disparities were observed: in general,
despite higher YLD rates, northern regions had better health outcomes, with higher life expectancy and

HALE and lower YLL rates compared with southern regions. Overall, the top causes of YLDs were low

back pain (1556-5 [1098:5-2080-2]), falls (926-2 [638-8-1253-8]), and headache disorders (858:0 [173-7-
1808-2]). Anxiety and depressive disorders both had substantial increases in the period from 2019 to
2021 (19:8% and 17-3%, respectively). YLDs for Alzheimer's disease and diabetes increased substantially
from 2000 to 2019 and 2019 to 2021 (70:6% and 3:0% for Alzheimer's disease and 46:8% and 7-9%,
respectively for each timepoint). YLL rates declined for ischaemic heart disease from 2000 (-29:9% in
2019), but increased for Alzheimer's disease and other dementias (54:5%). DALY rates decreased overall
from 2000 to 2019, but rise again in 2021 due to the COVID-19 pandemic.



Nota Metodologica

| dati presentati in questa presentazione fanno
parte del ciclo di revisione GBD 2021.

E attualmente in corso I'analisi dei dati GBD
2023, che rappresentano le informazioni piu
aggiornate disponibili.

| dati 2023 sono attualmente sotto embargo e
non sono stati inclusi in questa presentazione.

Il paper relativo ai disordini muscoloscheletrici
(MSK) in Italia sara basato sui dati aggiornati
del GBD 2023.
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Pain Neuroscience:
Nociceptive, neuropathic and
nociplastic pain

International Association for the Study of Pain

= ASP

Working together for pain relief




International Association for the Study of Pain

|ASP

Working together for pain relief

Pain phenotyping in MSK disorders

Review > Lancet Rheumatol. 2024 Mar;6(3):e178-e188. Review > J Pain. 2015 Apr;16(4):299-305. doi: 10.1016/].jpain.2015.01.004. Epub 2015 Jan 28.
doi: 10.1016/S2665-9913(23)00324-7. Epub 2024 Feb 1.

Quality of pain intensity assessment reporting:

Nociceptive, neuropathic, or nociplastic low back ACTTION systematic review and recommendations

pain? The low back pain phenotyping (BACPAP) L - . .
. . . . . . . Shannon M Smith ', Matthew Hunsinger =, Andrew McKeown °, Melissa Parkhurst ¢,
Consortlum' S lnternatlonal and mu‘_tldlSClpllnary Robert Allen ¥, Stephen Kopko ¢, Yun Lu 7, Hilary D Wilson 8, Laurie B Burke 2,
o Paul Desjardins 10, Michael P McDermott ', Bob A Rappaport 12, Dennis C Turk 13,
consensus recommendations

Robert H Dworkin 1

In the interventional rehabilitation studies involving patients with MSK disorders, is the type of pain phenotyped?

“Assessment of Nociceptive, Neuropathic and Nociplastic pain in MSK disorders: a scoping Review”



International Association for the Study of Pain
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Working together for pain relief

% Key Concepts in Pain Science

1.Pain does not reflect tissue damage

— The intensity of pain is not a reliable indicator of the state of body tissues.

2.Pain is modulated by multiple factors

- Influenced by somatic, psychological, and social domains (biopsychosocial model).
3.Pain-tissue relationship weakens over time

— As pain persists, the correlation with tissue state becomes less predictable.

4.Pain as a protective perception

— Pain can be understood as the conscious correlate of an implicit perception that the tissue is under threat.

> Understanding these principles is essential for modern, patient-centered pain management.

Moseley 2007, Reconceptualising pain according to modern pain science. Physical Therapy Reviews. 12. 169-178.



A clinical gap...

Although there is a clear link between structural damage and pain, a large proportion
of individuals with high levels of X-ray damage (kellgren &Lawrence scale (K&L)),
experience no pain.

& Pain severity and X-ray grade in OA

%
0

K&L 0 K&L 172 K&L 2/3

It seems that high pain/low KL is a special sensitised subpopulation

> Pain Med. 2022 Mar 2;23(3):488-498. doi: 10.1093/pm/pnab301.

Functional and Structural Neuroplastic Changes
Related to Sensitization Proxies in Patients with
Osteoarthritis: A Systematic Review

Paolo Pedersini 1, Massimiliano Gobbo 2, Mark D Bishop 3, Lars Arendt-Nielsen 4,
Jorge H Villafafie

Altered Central Sensitization and Pain Modulation in the CNS in Chronic Joint Pain, Arendt-Nielsen Let al. 2015, Current Osteoporosis Reports
Quantitative sensory testing in painful osteoarthritis: a systematic review and meta-analysis. Suokas AK et al., 2012, Osteoarthr Cartil.



Phenotyping pain:
IASP Classification

1. Nociceptive Pain

Definition: Pain that arises from actual or threatened damage to
non-neural tissue and is due to the activation of nociceptors.

2. Neuropathic Pain = X —
Definition: Pain caused by a lesion or disease of the somatosensory (% 0

) (T o
nervous system. —t
3. Nociplastic Pain g/(
Definition: Pain that arises from altered nociception despite no clear

evidence of actual or threatened tissue damage causing the < i
activation of peripheral nociceptors or evidence for disease or lesion
of the somatosensory system causing the pain.

Noradrenaline




Nociceptive pain
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Qualitative synthesis
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Methods: “Assessment of Nociceptive, Neuropathic and Nociplastic pain in MSK disorders:
a scoping Review”

Q Review Objective
To assess, in interventional rehabilitation studies, whether and how pain has been phenotyped according to the IASP

classification in patients with musculoskeletal conditions.

ﬁ Inclusion Criteria

*Interventional studies (RCTs, quasi-RCTs)

*Population: patients with musculoskeletal disorders (GBD classification)

*Interventions: rehabilitative approaches (physical therapy, multimodal, exercise, manual therapy etc.)
*Outcome: pain assessment based on IASP criteria

*Published up to december 2024

*Articles published in Ql-ranked journals (based on Scimago Journal Rank or equivalent)

£ Search Strategy

*Databases: PubMed, Scopus, PEDro, CINAHL

*Timeframe: from inception to December 2024

*Keywords: combinations of “musculoskeletal disorders”, “rehabilitation”, “pain”, “Nociceptive Pain”,

n u AN {H

“Neuropathic pain”, “nociplastic pain” “intervention studies”

STUDY ONGOING...



Bio-Psychosocial Model in MSK disorders

7 !\‘) World Health
¥87Y Organization




3. Biopsychosocial model approach

How is the biopsychosocial model applied in studies concerning the rehabilitation of musculoskeletal disorders?

Health condition

T
l l l

Body functioning& | Activities «———— Participation
structures N

I |
l l

Environmental factors Personal factors

> Pain. 2021 Aug 1;162(8):2154-2185. doi: 10.1097/}.pain.0000000000002217.

Barriers and enablers influencing healthcare
professionals' adoption of a biopsychosocial
approach to musculoskeletal pain: a systematic
review and qualitative evidence synthesis

Clinical biopsychosocial assesment: type of pain, psychological
aspect, socio-environmental factors, beliefs, and contextual

factors.

Wendy Ng ', Helen Slater 1, Cobie Starcevich 1, Anthony Wright 7, Tim Mitchell ' 2,
D E

Darren Beales




Biopsychosocial Model — Key Components

Biological

Structural alterations (e.g., osteoarthritis,
injuries, inflammation)

*Physical comorbidities and genetic factors
*Neurophysiological pain responses
Psychological

*Emotions, anxiety, depression
*Catastrophizing, fear of movement
(kinesiophobia)

*Previous pain experiences and coping strategies
Social

*Work, family, social roles

*Access to care, social support

*Culture, stigma, and traditional expectations

Biopsychosocial Model of Pain

Understanding Pain: The Interplay of Body, Mind, and Environment

Psychological: For example, emotional distress (e.g.,
pain-related distress, depression), coping strategies
(e.g., avoidance, endurance), fear of pain, self-efficacy,
cognitive beliefs (e.g., perceived injustice), negative
attitudes, pain acceptance, past experiences with pain
and healthcare, pain-related interference.

Emotional
stress

{2{{ Depression
Negative

attitude @

Social expectations

RO »?@9; Q?
& $2 §2
Social support system

financial support, Instrimental
support, emotional support

Past pain experiences

Employment 3@;{

Job satisfaction

Living status

For example, extent of
injury or disease, tissue health or
damage, pharmacological targets,
characteristics of the nervous system
(e.g., predisposition to peripheral
and/or central sensitisation).

<&

SR

Anger Fear

4 &\
A}\’a}ﬂy A {?Ph;lﬁng @
e ; Self-efficacy %

' Psychological factors

insurance

Substance
use disorder

This model argues that painis a

personal experience that emerges from
a dynamic interplay between biological,

psychological, and social factors.

This replaces the biomedical model, in
which pain was previously thought to be
caused solely by biological factors and

disease pathology.

Langu
cultura

Social: For example, social and work participation,
social expectations, job satisfaction, social support
(emotional support, informational support, tangible
support), living conditions, social economic status,
employment, access to healthcare resources
(e.g., insurance), language, and cultural barriers.

{5

Coping skill
gg:ngs ills

endurance

Cognitive

beliefs
Y

Perceived
injustice

Genetics

. Magnitude of
injury or disease

| Tissue he.z-iih/damage

&

Medication effects

Q)) Nervous system characteristics

pain threshold, paln tolerance,

at

e and predisposition to periphereal
| barriers and central sensitisation

* Pain Alliance
Europe
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”Pain assessment through a biopsychosocial
model in patients with osteoarthritis: a
literature review”

CONCLUSION: The influence of prevalent pain mechanisms on
clinical outcomes in rehabilitation is still being studied. Future
studies should also consider incorporating a_ comprehensive pain
assessment which may provide better insight into the role of
factors _affecting nociception and pain perception. The
biopsychosocial model should be implemented not only in clinical
practice but translational be applied to scientific research to
assess all aspects that may characterize the patient's pain
experience. Providing the best available care according to
scientific evidence turns out to be the primary goal towards the
patient, so the study of an assessment that considers all domains

of pain aims as the ultimate goal to improve patient-targeted
interventions.

BID PSICO SOCIAL

Socioenvironmental

Cognitive / Belief Sensorimotor

DysIntegration

Emotional/
Affective

Nociceptive /
Physiological

Central Peripheral
Nociplastic Neuropathic

STUDY IN SUBMISSION...



Future perspective: Clinical Trial!

Objective: To apply an assesment model integrating epidemiology, pain neuoroscience and biopsychosocial model in
patients with MSK disorders

Study Design: Prospective cohort study

Methods: All domains of assessment considered relevant to musculoskeletal disorders will be investigated. This study
seeks to integrate epidemiological data, pain neuroscience, and the biopsychosocial model to better understand and
address the rehabilitation needs of patients with musculoskeletal disorders.

> Musculoskelet Sci Pract. 2018 Aug;36:17-24. doi: 10.1016/j.msksp.2018.03.006.
Epub 2018 Apr 9.

A new clinical model for facilitating the development
of pattern recognition skills in clinical pain
assessment

David M Walton ', James M Elliott 2

Cognitive / Belief Sensorimotor
Dysintegration
Domain Level
Nociceptive (Physiological) input V. Low / Low / Moderate / High / V. High
Peripheral neuropathy V. Low / Low / Moderate / High / V. High
Central nociplastic mechanisms V. Low / Low / Moderate / High / V. High
Emotional Dysregulation V. Low / Low / Moderate / High / V. High
Maladaptive Cognitions or Beliefs V. Low/ Low / Moderate / High / V. High
Emotional/ Nociceptive/ SocioeAnvironment.aI Cnnte:xt V. Low / Low / Moderate / High /V. High
Affective Physiological Sensorimotor Dys-integration V. Low / Low / Moderate / High / V. High

MODERATE

Central Peripheral
Nociplastic Neuropathic
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