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Normal aging process 

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 “Normal Aging” ?

• How fast is normal ..

Which Findings become symptomatic ?

What are Factors Influencing “Normal Aging” ?

• Genetic Factors 

• Occupational Factors 

• Exogenic/Environmental Factors
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Disc Aging : Normal Structure & Function
• Disc is avascular. 

• Height increases from 

peripheral edges to the center, 

biconvex shape 

• Becomes larger by about 11% 
per segment from cephalad to 

caudal 

• Annulus fibrosus: type I 

collagen

• Nucleus pulposus: type II 

collagen, proteoglycan, and 

hyaluronan long chains. 

• Highly hydrophilic, hydrate the 

nucleus by an osmotic 

pressure effect. 
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Disk Aging: Histology of Cervical Disk

Tomaszewski KA Spine J. 2017 
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0 10 20 30 40 50 60

C6/7

C5/6

C4/5

C3/4

C2/3

Foraminal Stenosis Disk Space Narrowing

Protrusion Disk Degeneration

Boden SD J BJS Am. 1990 Sep;72(8):1178-84. 

Normal Aging: Asymptomatic Findings
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C5/C6? - Cervical disc deformation

Anderst, W. J. Orthop. Res., 31: 1881–1889
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Disk Aging: MR Imaging

Pfirrmann et al, Spine, 26, 1873-8, 2001
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Kettler A, European Spine Journal. 2006
Pfirrmann C, Spine 2001
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Healthy volunteers: 10y MRI Follow-up

• Progression was frequent

• Factor correlated with 
progression: Age

• Factor not correlated with 
progression: Gender, BMI, 
Sports, Alcohol, Smoking

• 1/3 of subjects developed 
symptom

Okada E, Spine (Phila Pa 1976). 2009 
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Table 6

Okada E, Spine (Phila Pa 1976). 2009 

Progression Linked with Symptoms

Progression of compression of the dura/spinal cord, disc

protrusion, and foraminal stenosis significantly more frequent
in subjects with neck pain.

Com
ple

x S
pin

e S
ym

po
siu

m 

 

Ja
nu

ary
 12

th,
 20

18
 

 

Balg
ris

t U
niv

ers
ity

 H
os

pit
al



Ulbrich EJ, Radiology. 2014 172-82. 

Cervical Spinal Canal and Aging

Cervical spinal canal dimensions in 

healthy volunteers 
C1  10.7 - 19.7 mm

C3 9.4 - 17.2 mm

C6 9.2 - 16.8 mm
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Dural tube diameter at the C5 in each sex and decade

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

Cervical Spinal Canal and Aging

Kato F, Eur Spine J. 2012 :1499-507.
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2

Fig. 1

Fig. 1 . Photograph showing the human cervical spine 

at the mid sagittal level of the facet joint (right). The 

schematic of the facet joint (left) indicates the 

geometrical details.

Yoganandan, N, Spine. 28(20):2317-2323, 2003.

Aging of Cervical Facet Joints
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The articular cartilage

covers the central 
region of the articular 

processes 

The remainder of the 

articular processes are 
covered by the

meniscoids (M), which 

are attached to the 
bone and the fibrous 

joint capsule

Image from Friedrich KM

Aging of Cervical Facet Joints

Farrell SF Surgical and RadiologicAnatomy 2014
Friedrich KM Spine 2008 

Image from Farrell SFCom
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Aging of Facet Joints

• Only in the first two 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.

Flecher G, AJR. 1990;154: 817-820

Com
ple

x S
pin

e S
ym

po
siu

m 

 

Ja
nu

ary
 12

th,
 20

18
 

 

Balg
ris

t U
niv

ers
ity

 H
os

pit
al



Modic changes in the cervical spine:

Type 1

Type 2

Type 3

Mann E, Eur Spine J 2014
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Modic changes in the cervical spine:

Modic changes in asymptomatic subjects and 

10-year follow-up study 

Matsumoto M, JBJS 2012 94

Initial 10 years

4.5% 13.9%

Type 1 7 9

Type 2 3 18

Type 3 2 2

Modic changes associated

with arm pain

not with neck pain

Postive association with

Age (≥ 40 years), 

gender (male)

pre-existing disc degeneration
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Modic changes in the cervical spine:
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Histology of Bone Marrow Edema

N = 5 Knees with Bone Bruise

Microfractures of trabecular bone

Edema 

Bleeding into fatty bone marrow

Fragments of hyaline cartilage

Fragments of trabecular bone

Rangger C et al. Acta orthop 1998; 69:291-294
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Bone Marrow Edema

Histology “Edema” Control Paired t-test

(n = 11) (n = 15)

Edema 4% 2% 0.069

Necrosis 11% 2% 0.021

Fibrosis 4% 1% 0.014

Trabecular alterations 8% 3% 0.011

Zanetti M et al Radiology 2000; 215:835-
840
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Bone Marrow Edema Pattern

Bone Marrow Edema Pattern 

= High signal on fluid sensitive MR sequences 

(STIR, T2 fat sat, PD fat st)

Non specific finding!

Trauma (Fracture, Bone bruise)

Inflammatory lesions

Infection

Tumors

Degenerative reactive changes
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Fractures
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Inflammatory Lesions Ankylosing Spondalitis
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Severe neck pain I - 15y Fall from Horse
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Severe neck pain I - 15y Fall from Horse
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Severe neck pain II - 34y m, Trauma C-Spine

Bone marrow edema

Fracture of dens?
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Severe neck pain II - 34y m, Trauma C-Spine

Bone marrow edema

Reason for posterior arc edema?
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Severe neck pain II - 34y m, Trauma C-Spine
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Severe neck pain II - 34y m, Trauma C-Spine

Dx: Paget‘s disease
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Severe Neck Pain III – 41 f Acute onset No trauma
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MR: T1 & T2
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MR: STIR and T1 fat sat after i.v. Gad
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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 (Anterior arch of C1)

• Symptoms: Severe neck pain, pain on swallowing, 
reduced range of motion of the neck. 

• Clinical presentation similar to calcific tendinitis 
elsewhere. 

• Self-limiting, (NSAID), symptoms disappear within 1 

week. 

• Calcification slowly resolves after a period of 2–3 
months.

Ring D, Vaccaro AR, Scuderi G, Pathria MN, Garfin SR.  Acute calcific retropharyngeal 
tendinitis. JBJS Am 1994;76:1636–42
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Severe Neck Pain IV – 51y m Acute onset No trauma
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Crowned Dens

Crowned Dens: CPPD of the craniocervical 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, F, Chronic Pain

T1 T2 STIR
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Severe Neck Pain V 84 y, F, Chronic Pain
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Severe Neck Pain V 84 y, F, Chronic Pain

CPPD
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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/C6 level most prevalent

• Bone marrow edema is sensitive but not specific

• Differential Diagnosis - Don’t forget inflammatory lesionCom
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