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Normal aging pregess

What is the Definition of “Normal’Aging” ?

Proposed Imaging Definition: Changes.in an healthy &-asymptomatic person
« Studies in asymptomatic subject

« Imaging spectrum of aging

What is the Evolution-of*“NormahAging” ?

« Howfastis normal ..

Which Findingsbecome symptomatic ?

What are Eactors Influencing “Normal<Aging” ?

*  Genetic Factors
*  Occupational Factors
*  Exogenic/Environmental Factors

f’f jl,if\ University of
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Disc Aging : Normal Strugture & Function

TR ME TN R VAL K C
B .+ + Discis avascular.
; -ubﬂ' ot

* Heightincreasesfrom
peripheral edges to the center,
biconvex shape

 Becomestarger by about 11%
per.segment from-cephalad to
caudal

.. ZAnnulus fibrosus: type |
collagen

* Nucleuspulposus: type’ll
collagen, proteoglyean, and
hyaluronan long.chains.

» Highly hydrophitic, hydrate the
nucleus by.an osmotic
S PR pressure effect.
i\* niversity of
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Disk Aging: Histology ofCervical Disk

The present

THE
JOURNAL P ’
ELsevieR I Criterion Boos etal.  study z-Value p-Value

Basic Science

Validation of the intervertebral disc histological degeneration score in Intervertebral disc

e Cell 0.592 0.61 0.18 86
o G DO AN e o MDA Granular changes 0.407 0.43 0.18
Mucous degeneration 0.637 0.68 0.49 .62
Edge neovascularity 0.257 0.30 0.30
Rim lesions 0.199 0.21 0.07
Concentric tears 0.598 0.58 0.18
Radial tears 0.588 0.60 ;12
Notochordal cells —0.258 —0.39 0.95
Cell death 0.450 0.49 0.33
Scar formation 0.231 0.21 0.14
Tissue defects 0.145 0.10 0.29
End plate
Cells 0.390 0.42 0.23
Cartilage disorganization 0.460 0.51 0.42
Cartilage cracks 0.487 0.52 0.28
Microfractures 0.371 0.35 0.15
Neovascularity 0.427 0.47 0.35
New bone formation 0.540 0.51 0.27
Bony sclerosis 0.509 0.53 0.18
Physiologic vessels —-0.549 -0.59 0.39
Obliterated vessels 0.015 0.09 0.48
Scar formation 0.079 0.11 0.20
Tissue defects 0.149 0.19 0.27

Tomaszewski KA Spine J. 2017 e Balgrist



Normal Aging: Asymptomatic Findings

C2/3

C3/4

C4/5

C5/6

C6/7

0 10 20 30 40 50 60
m'Eoraminal Stenosis  ® Disk Space Narrowing

m Protrusion m Disk Degeneration

(4D university of I
) Zarich Boden SD J¥BJS Am. 1990 Sep:72(8):1178-84. meBalgrist




C5/C67? - Cervical discdeformation
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Disk Aging: MR Imaging

L _-..I‘TrES_* GrEdE I
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paca?  No —— Grade v

Yes

L—' Grade V
U university of
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|Yes —>» Grade I

[Yes —» Grade Il

isc space”? _N_D _"" Grade |V
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L—' Grade V
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Healthy volunteers: 10y MRI Follow-up

* Progression was frequent
» Factor correlated with
progression: Age

« Factormot correlated with
progression: Gender, BMI,
Sports, Alcohol, Smoking

«>1/3 of subjects developed
symptom

I {lf\ University of 1
\ea Zurich™ Okada E, Spine (Phila Pa 1976). 2009 meBalgrist



Progression Linked witr Symptoms

Neck Pain 22/223 (9.9%)
Prevalence P

Decrease in signal intensity
+ 9/113 (8.0%)
S 13/90(14.4%)
Anterior compression of dura and spinal cord
- 17/137 (12.4%)
4 5/86 (5.8%)
Posterior disc protrusion
+ 15/156 (9.6%)
_ 7/67 (10.4%)
Disc space narrowing
+ 6/60(10.0%)
- 16/163 (9.8%)
Foraminal stenosis
+ 5/20 (25.0%)
h 17/203 (8.4%)

Progression of compression ©of the dura/spinal cord, disc
protrusion, and foraminal sténosis significantly more frequent
in subjects with neck pain.

*\ University of

Okad E, Spine (Phila Pa 1976). 2009 TheBalgrist



Cervical Spinal Canaftand Aglng

Normative MR Cervical Spinal
Canal Dimensions’

j *\ Unn.ne-rsltj,r of

Cervical spinal-canal dimensions in
healthy velunteers
Cl1 106.7-19.7 mm
C3 N\ 9.4-17.2mm
Cée 9.2-16.8mm

gy Zurich™ Ulbrich“EJ, Radiology. 2014 172-82. TheBalgrist



Cervical Spinal Canaffand Aging

Dural tube diameter at the C5/6 in each sex and decade

/ji \ University of

ey Zurich™ Kato F, Edr Spine J. 2012 :1499-507. TeBalgrist




Aging of Cervical Fatet Joints

AU Universi . H
) University of Yoganand#n,N, Spine. 28(20):2317-2323, 2003. ™eBg [gn st



Aging of Cervical Fatet Joints

. ~ &) The articular cartilage
B Q covers the central

C3~\" regien of the articular
processes

o
X ; %Q \ "The remainder of the
) ;\~ c4 \1/

articulaf. processes are
covered by the
meniscoids (M), which

| - o~ “\are attached to the
Image from Farrell'SF Imagefrom Friedrich KM

bone and the fibrous

joint capsule
AU University of Farrell SF Sdrgical and Radiologic Anatomy 2014 .
@iy Zurich™ Friedrich KM Spine 2008 meBalgrist




Aging of Facet doints

FI\ T
L . _(i:-\_ @ \,. HE:

Age-Related Changes in the
Cervical Facet Joints: Studies with
Cryomicrotomy, MR, and CT

%

*  Only.in the first twe decades normal
cervical facet joints)- normal articular
cartilage and{ meniscus

«~ After 37.years of age and older less
cartilage,less regular cortical margins,
and no’ grossly evident meniscus in the
cervical facet joints.

/jé\ University of
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Modic changes in the cervical spine:
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The evolution of degenerative marrow (Modic) changes L N
in the cervical spine in neck pain patients . fi
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Modic changes in the cervical spine:

= SPINE

Modic changes in asymptomatic subjects and
10-yeaf follow-up study
e e S s Initial 10 years

no hi cslftrauma or surgery underwent MRL Of these, 223 underwent a
MR ot & mean follow-up of 11.6 years (10 to 12: ects compriscd 133 men

and 100 women with a mean age at nd MRI of 50.5 ye: 3 3] dic al o o
fied as not present and types 1 to 3. Changes i i and
e o Pl .0 /6 .J 7o
:
:

symptoms were evaluated. 31 subjects (13.9%) showed Modic
type 1in nine, type 2 in 18, type 3 in two, and types 1 and 2 in two. M

pai Age (= 40 ye: nder (male, an ing dis
degeneration ignificantly associated with newly devels
In the cervical spine over a ten-year period, ty i t
18 remained th
2. chree pro

frequently. Newly developed Modic change
nc normal. at a me

. There ha

S S Type 3 2 2
Modic ‘changes associated
with atm pain
ST netwith neck pain
Postive association with
Age (= 40 years),
gender (male
pre-existing disc degeneration

E\ University of

Matsurhoto M, JBJS 2012 94 TheBalgrist




Modic changes in the cervical spine:
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Histology of Bone Marow Edema

N = 5 Knees with Bone Bruise
Microfractures of trabecular bone
Edema

Bleeding into fatty-bone marrow
Fragments of hyaline cartilage
Fragments of trabecularbone

Rangger C et al."Acta orthop 1998; 69:291-294 The B3 lgrl st




Histology “Edema”

Necrosis
Fibrosis
Trabecular alterations

D University of
T Zanetti M et al Radiology 2000; 215:835-

Bone Marrow Edema

Paired t-test

Control
UWERE))

2%
2%
1%
3%

TheBalgrist



Bone Marrow Edema Pattern

Bone Marrow Edema Pattern
= High signal on fluid sensitive MR sequences
(STIR, T2 fat sat, PD fat.st)

A'ﬁ('

Trauma (Fracture, Bone bruise)
Inflammatary lesions

Infection

Tumors

Degenerative reactive chianges

/j,;\ University of
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Fractures
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Inflammatory Lesions Ankylesing Spondalitis
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Severe neck pain | - 15y kall from Horse
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Severe neck pain | - 15y kall from Horse
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Severe neck pain Il - 34y m,Trauma C-Spine

Bone marrow edema

Fracture of dens?
£ 40 University o .
ﬂw lijurichvru tyof The B a lg ri St



Severe neck pain Il - 34y m,Trauma C-Spine
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Bone marrow edema
Reason for posterior arc edeéma?
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Severe neck pain Il - 34y mg¢Trauma C-Spine
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Severe neck pain Il - 34y mg¢Trauma C-Spine
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Severe Neck Pain lll — 41 f Acute onset No trauma
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Radiograph and T1 fat sat after i.v. Gad
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D: Calcific Retropharyngeal Tendinitis

« Acute calcific retropharyngeal tendinitis
*  (Syn: Acute calcific prevertebral tendinitis)

*  Foreign-body inflammatory response crystals of
hydroxyapatite

» Insertion of longus colli (Anterionarch of C1)

«  Symptoms: Severe neck pain; pain on swallowing,
reduced range of motion.ofthe neck.

«  Clinical presentation{similar to calcificitendinitis

elsewhere.

«  Self-limiting, ANSAID), symptoms disappear within-1
week.

« Calcification slowly resolves after a period of2-3
months.

r"i.j{\ Universityof Ring D, Vaccaro AR, Scuderi G, Pathria“MN, Garfin SR. Acute calcific retropharyngeal .
\ews Zurich™  tendinitis. JBJS Am 1994;76:1636-42 TheBalgrist



Severe Neck Pain IV — 51y m Agfite onset No trauma
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Crowned Defis

Crowned Dens: CPPD of thé.eraniocervical joints and ligaments
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Severe Neck Pain V 84 y<F, Chronic Pain
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Severe Neck Pain V 84 y,&, Chronic Pain
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Severe Neck Pain V 84 y,&, Chronic Pain
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Severe Neck Pain V 84 y,&, Chronic Pain

voussekakswaavo | Calcium Pyrophosphate

Dephve . Theodoro Dihydrate Crystal Deposition
in and around the Atlantoaxial

'Sf'!ff.f;ﬁag'ﬂ;:.."ﬂfu Joint: Association with Type 2

Donald Resnick Odontoid Fractures in Nine
Patients’

cture involving the o

MATERIALS AND METHOI

AR University of

Zurich™ TheBalgrist




Summary

« Imaging definition of “Normal Aging”: Changes evident in
asymptomatic and healthy subjects

« Relevance of Findings --Spectrum of imaging findings of normal
aging of the cervical spine is broad

« (Changes at C5/C6level most prevalent
« Bone marrow edema is sensitive but not specific
 Differential Diagnosis .-ADon’t forget.inflammatory lesion

/jlé\ University of
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