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Bone Marrow Edema, Clinical
Significance, and Treatment
Options: A Review

Abstract

Bone marrow edema (BME) is a descriptive term used to describe
high-signal intensity changes detected on magnetic resonance fluid-
sensitive sequences that could be attributed to a number of underlying
pathologies. Regardless of the cause, physiologic remodeling of the
subchondral bone can be limited because of ongoing joint forces,
increased focalization of stress, and reduced healing capacity of the
subchondral bone. BME is a known prognostic factor associated with
pain, dysfunction, and progressive cartilage damage. This review
summarizes the current known causes of BMEs, theories related to
histopathological changes, and current treatment options including
novel biologic surgical options.
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Table 2

Classification of Diseases Associated With Bone Marrow Edema Grouped

According to Etiology

Etiology

Etiologies of Bone Marrow Edema

Trauma

Degenerative lesions
Inflammatory lesions

Vascular lesions

Infectious lesions

Metabolic/endocrine lesions

latrogenic lesions

Neoplastic lesions

Fracture (acute, osteoporotic, and stress)

Local transient osteoporosis

Bone bruise

Osteochondral injuries (osteochondritis
dissecans)

Altered stress/biomechanics (plantar fasciitis,
tendinitis/enthesitis)

Osteoarthritis

Inflammatory arthropathies and enthesitis
(RA, ankylosing spondylitis, psoriasis)

Systemic chronic inflammation

Osteonecrosis, CRPS-1

CRPS-1

Sickle cell anemia

Osteomyelitis, diabetic foot
Charcot foot
Sepsis (bone infarcts)

Hydroxyapatite deposition disease
Gout

Local surgery
Radiation therapy

Neoplastic bone or soft-tissue lesions or
neoplastic-like lesions

CRPS = chronic regional pain syndrome, RA = rheumatoid arthritis. See Starr et al® and

Eriksen et al.’




SOCIETA ITALIANA

COPYRIGHT © 2021 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

CURRENT CONCEPTS REVIEW
Bone Marrow Edema

Overview of Etiology and Treatment Strategies

Umberto Tarantino, MD, Chiara Greggi, PhD, Ida Cariati, PhD, Patrizio Caldora, MD, Rodolfo Capanna, MD,
Antonio Capone, MD, Roberto Civinini, MD, Stefano Colagrande, MD, Pietro De Biase, MD, Francesco Falez, MD,
Giovanni lolascon, MD, Davide Maraghelli, MD, Laura Masi, MD, Marco Matucci Cerinic, MD, Giuseppe Sessa, MD, and
Maria L. Brandi, MD

increased intraosseous pressure with irritation or disrup-
tion of sensory nerves within the bone marrow, venous
hypertension, raised focal bone turnover with or without
microfractures, and irritation of the periosteum and peri-
articular structures could all be possible mechanisms®’.




TABLE Il Schematic Representation of the Etiological Classification of Proximal Femoral BME*

Classification Characteristics Studies
Reversible
TBMES » Caused by a local ischemic episode Berger et al.”? (2003), Trevisan et al.™®
e Hip pain (2002), James et al.>” (2008), Bilgici et al.>®
* Decreased range of motion (2010), and Geith et al.* (2017)
e Limping gait
RMES e Spontaneous development or James et al.>° (2008), Balakrishnan et al.**
caused by a minor trauma (2003), Korompilias et al.* (2008), and
e Clinical presentation like TBMES Ergun and Lalﬂcen:jam},falf43 (2008)
Progressive
ONFH » |diopathic or secondary ischemic lesion Fernandez-Canton”” (2009), Moya-Angeler et al.*®
¢ Clinical presentation like TBMES and RMES (2015), and Zeng et al.”’ (2020)
¢ Hip pain and joint degeneration
SIF * Secondary to osteoporosis or osteopenia Davies et al.*® (2004), Bangil et al.>®
* Usually, unilateral (1996), and Yamamoto et al.>’ (2001)
OA * Hip pain Boutry et al.®* (2002) and
» Joint destruction Watanabe et al.®* (2002)
*BMES = bone marrow edema syndrome, TBMES = transient BMES, RMES = regional migratory BMES, ONFH = osteonecrosis of the femoral head,
SIF = subchondral insufficiency fracture, and OA = osteoarthritis.
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The Physiology of Bone Pain. How
Much Do We Really Know?

Sara Mencini and Jason J. lvanusic *
Deparfment of Ansdomy and Neurmsciance, Lnversly of Maboums, Melboums, WG, Ausirals

There are many studies that have reported the existence of
sensory neurons that innervate the periosteum and marrow
cavity, and it has become clear that most of these have a
morphology and molecular phenotype consistent with a role in
nociception. However, very little is known of the physiology of
these neurons. The periosteum has received greater attention
relative to the bone marrow, reflecting the easier access of the
periosteum for experimental assessment than the marrow cavity
of bone. Electrophysiological recordings of sensory neurons in
both the periosteum and the bone marrow have confirmed that
they both contain nociceptors likely to provide the CN5S with




d»

SOCIETA ITALIANA

6L DOLORE MLSTTXO-S0-61 ETRK0 £ DELLALGOOGTRORA

Small diameter
neurons in DRG

==

Small and large
diameter neurons
in DRG

neurons in DRG

Peptidergic COGRP+/ISP+/TrkA+
Non-peptidergic/IB4+

Peptidergic CGRP+/'SP+/TrkA+
Non-peptidergic/iBd+

FIGURE 1 | Morphotogy and molecular phenotype of sensory newrons that inmervate bone. The DAG somsa of primary afferent neurons that menats he
bona marTow and penosteum are mostly small dlameter mysinaled ana unimyselinated neurons win ree fiber endings. athough some iarger neurons with
encapsuistad endings o0 exist in tha parnocstaum. Thay exprass varying combinations of manars charactersic of nocicaptive naurons, Includng calchionin
gene-raiated peptioe (CGRP), subsiance P [SF) ana the hyroshe receptor Kinase A (TrkA), end/or bind aciactin B4 (124). 1B4 bindng has not baan obsenvad in

penpheral narve tamminas represented Dy dotiad ine)
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ORIGINS OF SKELETAL PAIN: SENSORY AND SYMPATHETIC
INNERVATION OF THE MOUSE FEMUR
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Fig. 1. Micro-computerized tomography scan (A) of the mouse femur with the proximal head. diaphysis and distal head

divisions of the bone labeled. The horizontal white lines indicate the three divisions of bone based on the presence of trabe-

culae in the intramedullary space. A schematic diagram (B) illustrating the geneml pattern and course of the sensory fibers in

periosteum and mineralized bone. Note that of all the tissue types shown, the periosteum receives the densest sensory mmner-

vation. However, because the total volume of mineralized bone and bone marrow are greater than periosteum, the total

number of sensory and sympathetic fibers is greatest in bone marmmow followed by mineralized bone and then the periosteum.
The schematic i1s adapted from Marieb and Mallat, 1997.
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Evidence for a Dense and Intimate Innervation of the Bone

Tissue, Including Glutamate-Containing Fibers

C. M. SERRE, D. FARTLAY, P. D. DELMAS, and C. CHENU
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THE MAJORITY OF MYELINATED AND UNMYELINATED
SENSORY NERVE FIBERS THAT INNERVATE BEONE EXPRESS
THE TROPOMYOSIN RECEPTOR KINASE A

Gahnela Castaneda-ﬂnrraﬂ 2 Juan M. Jimenez-Andrade! Aaron P. Bloom Reid N.
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Research Article Open Access

Wang Jianchuan, Yang Lei, Wang Benjie, Zhao Dewei*

Study on correlation between bone marrow

edema, stage of necrosis and area ratio of
necrosis with the hip pain grading in nontraumatic
osteonecrosis of the femoral head
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In conclusion, we believe that the hip pain grading
is positively correlated with the degree of bone marrow
edema, necrosis staging and ratio of necrotic area in
NONFH patients. Such correlation may be associated with
intraosseous pressure and pain factors. Increase in bone
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Journal of Orthopaedic Translation 21 (2020) 100-110
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Guidelines for clinical diagnosis and treatment of osteonecrosis of the
femoral head in adults (2019 version)
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Osteonecrosis of the femoral head (ONFH) is a common and refractory disease in orthopaedic clinics. The number
of patients with ONFH is increasing worldwide every year. There are an estimated 8.12 million patients with
nontraumatic osteonecrosis in China alone. Treatment of nontraumatic osteonecrosis has always been a clinical

Definition: ONFH is a disease in which local death of osteocytes
and the component of the bone marrow occurs owing to venous
stasis or arterial blood supply damage or interruption in the
femoral head; the subsequent repair process attempts to heal the
necrotic area, but structural deterioration and collapse of the
femoral head causes pain and dysfunction of the hip joint [2,
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The Steinberg - University of Pennsylvania classification of osteonecrosis [61].

Stage O Mormal or non-diagnostic radiograph, bone scan, and MRI
Stage [ Mormal radiograph; abnormal bone scan and/or MRI
A Mild <15% of head affected
B Moderate 15-30%
C Severe: =30%
Lucent and sclerotic changes in femoral head
A Mild: =<15%
B Moderate: 15-30%
C Severe: =30%
Subchondral collapse (crescent sign) without flattening
A Mild: = 15% of articular surface
B Moderate: 15-30%
C Severe: = 30%
Flattening of femoral head
A Mild: <15% of surface and <2 mm depression
B Moderate: 15-30% of surface or 2—4 mm depression
C Severe: =30% of surface or =4 mm depression
Joint narrowing and/or acetabular changes
A Mild
B Moderate
C Severe
Average of femoral head involvement, as determined in stage IV, and
estimated acetabular involvement
Stage Advanced degeneratve changes
VI

MREI = magnetic resonance imaging.
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Table 1
Risk factors for osteonecrosis.
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Anatomical
Congenital hip dislocation
Legg-Calve-Perthes disease

Slipped capital femoral

epiphyses
Trauma

Hematologic/oncologic

Acute lymphoblastic leukemia
Disseminated intravascular
coagulation
Hemoglobinopathies

Hemophilia

Hypofibrinolysis

Marrow infiltrative disorders
Renal transplant

Sickle cell anemia
Thalassemia

latrogenic
Alcoholism
Bisphosphonates

Cigarette smoking

Corticosteroids
Dysbaric ostecnecrosis
Radiation therapy
Regional deep
hyperthermia

Metabolic
Chronic liver disease
Diabetes

Fabry's disease

Fat embolism
Gaucher's disease
Gout
Hypercholesterolemia

Pancreatitis
Pregnancy

Rheumatologic
Antiphospholipid syndrome
Mixed connective tissue disease

Mucocutaneous lymph node
syndrome

Necrotizing arteritis
Rheumatoid arthritis
Systemic lupus erythematosus




Patogenesi della ANFH da Steroide

Studio 1n vitro (culture cellulari) ed in vivo (pulcini) dell’effetto del Cortisone sulle
cellule multipotenti del midollo osseo.

|l trattamento delle cellule multipotenti del midollo osseo (linea cellulare D1) con Desametasone ha
determinato una differenziazione cellulare verso la linea adipocitica. Il Cortisone stimola e regola il
processo di adipogenesi midollare a scapito della differenziazione verso la linea osteoblastica.

La Lovastatina ha dimostrato di prevenire 1’Osteoporosi e 1’Osteonecrosi nel modello animale di

osteonecrosi indotta da Steroide.
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HauBer et al. Journal of Orthopaedic Surgery and Research (2021) 16:369 .
https://doi.org/10.1186/513018-021-02484-5 Journal Of Orthopaedlc

Surgery and Research

SYSTEMATIC REVIEW Open Access

The use of extracorporeal shock wave ®

therapy for the treatment of bone marrow
oedema — a systematic review and meta-
analysis

Jonathan HauBer", Juliane Wieber'?'® and Philip Catal4-Lehnen'

Conclusions: Based on the available evidence, ESWT may be an adequate option for conservative therapy in
pathologies involving BME.
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Terapia farmacologica.
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CONCLUSIONI

edema osseo e algodistrofia

dolore , edema osseo e osteoporosi.
edema 0sseo — necrosi avascolare .

edema vertebrale — bifosfonati ?
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ABSTRACT

Background: Bisphosphonates ( BPs) are pyrophosphate analogues widely used in diseases related to bone loss
and increased bone turnowver. Their high affinity for bone hydroxyapatite makes them ideal agents for bone dis-
eases, while preventing them from reaching other cells and tissues. Data of the last decade, however, have dem-
onstrated extra-skeletal tissue deposition and a variety of non-skeletal effects have been recently recognized. As
such, BPs have been shown to exert anti-tumor, immunomodulatory, anti-inflammatory and anti-diabetic
effects.
In addition, new delivery systems (liposomes, nanoparticles, hydrogels) are being developed in an effort to ex-
pand BPs clinical application to extra-skeletal tissues and enhance their overall therapeutic specum and
effectiveness.
In the present review, we outline current data on extra-skeletal actions of bisphosphonates and attempt to un-
ravel the underlying pathophysiological mechanisms.

© 2020 Elsevier Inc. All rights reserved.
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Fig. 2. Upon administration bi are taken up by cells with endocytic ability (osteoclasts, monocytes and macrophages). Depleting visceral macrophages bisphosphonates can
downregulate inflammation and ameliorate insulin resistance. In atherosclerosis, bisphosphonate can act both in an early stage in the formation of the plaque (depleting macrophages
before their transformation to foam cells) and plaque caldification process. In breast cancer, they abate tumor associated macrophages and affect the tumor’s micro-environment and
neovascularization. However, since bisphosphonates can be integrated and remain for a long period only in calcified tissues, in order to affect non-skeletal macrophages their
administration needs to be regularly repeated. The figure was made by using BIORENDER program.

SOCIETA

ITALIANA




	Slide 1
	Slide 2
	Slide 3
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42

