Module 1. Intraduction and spine anatomy and biomechanics 
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Nerve root/ Muscle 
	Root
	Dermatomes
	Myotomes 

	C5
	Anterior upper arm
	Biceps

	C6
	Thumb
	Brachioradialis 

	C7
	Middle finger
	Triceps 

	C8
	Little finger 
	

	L3-4
	Anterior knee
	Quadriceps

	L5 S1
	Lateral lower leg
	Achilles Tendon



Dermatome:  The area of skin innervated by a particular neural element, specifically nerve root, dorsal root ganglion or spinal segment. There are distinct from the cutaneous nerve distribution. 
Myotome: is the group of muscles that a single spinal nerve innervate. Most muscles are innervated by more than one spinal nerve root, and therefore consist of multiple myotomes. 
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Description automatically generated]Spinal nerve
Z joint: Medial branch of dorsal ramus (ascending . descending branch) 

Posterior Disc: sinuvertebral nerve from ventral ramus 
Anteriolateral disc: Grey ramus communicans of the lumbar sympathetic trunk 
Anterior disc: sympathetic branches from the sympathetic trunk or ganglion. 

Sinuvertebral nerve: also known as recurrent meningeal nerves or recurrent nerves of Luschka. Innervate the meninges, ligaments, and periosteum of the spinal canal and the anulus fibrosus of the intervertebral disk and carry sensory information, including pain, from those structures. 

Sacral lateral branch block (S1-S3 dorsal rami): innervate interosseous ligament and dorsal ligamentous complex. 
SIJ anteriorly: innervated by obturator nerve ,the lumbosacral trunk and superior glutearl nerve 

Deep tissue of the buttock is innervated by the ventral rami of L4 L5 and S1 (superior gluteal nerve) 







Cervical spine: Upper (C0-C2) and  Lower C2-7 (2018 Q3)

· Anatomy of C0-1 and C1-2 is very different to lower c spine
· Articulations are different 
· No intervertebral discs 
· Biomechanics are different 

	
	C0-1
	C1-2 
	C2-7

	Anatomy
	1. Superior facets of C0 (Atlas): 28° in sagittal and transverse planes
2. No disc 
	1.  C1 has convex facet joint surface (allow C1 facet to slide in AP direction over C2) 
2. No disc
3.  Transverse lig : prevent dense posterior dislocation 
4.  Alar lig: limiting rotation
	Anatomy structure grossly similar. 
1. 2x uncovertebral joints (joints of Luschka) at each segments. They are not true synovial joints (clefts at the lateral edges of IVD between uncinated process inferiorly, and the edge of the vertebral body above) 
2. 1 disc between each vertebra body. 
3. 2 facet joints: at 45° inclination to horizontal plan (pure rotation, side bending is limited) 

	biomechanics
	-Flexion/extension (nodding):                  15°
- Side bending:           5°
- Rotation                   5°
	Rotation: 45° both directions.
(Rotation in full flexion is C1-2 rotation)
	- Flexion/ extension
- Side bending: (pure side bending is limited)
- Rotation
* Side bending and rotation coupled  uncovertebral joints at the convexity open out displacement of the disc towards the convexity. 
* Flexion/extension combined with rotation and translation. 
- Flexion: IVD compressed anteriorly; superior vertebral body slides anteriorly 
- extension: superior vertebral body slides posteriorly, IVD compressed posteriorly. Anterior fibres of AF are stretched. 



Whiplash biomechanics Following impact from behind

Mechanisms
1.Initial flexion and sigmoid deformation
The trunk is thrust upwards and forwards into the neck causing compression forces between each vertebrae. 
 the base of the neck rises, the lower cervical segments extend, while the upper segments flex (sigmoid shape).  
2. This results in the abnormal axis of rotation (posterior sagittal rotation): 
     (Normally the axis lies in the lower vertebra, and the zygapophysial joints glide backward tangential to the superior articular process) 
   - The axis shifts upwards into the moving vertebra, around a shorter radius
   - The inferior articular process is chiseled into the superior articular surface of the lower vertebra. 
 anterior elements are distracted(分开的), whereas the posterior elements are impacted（压紧的）.
3. Extension is completed as the base of the neck descends

Injuries post whiplash:  
Z-joint injuries: (imaging is often normal) 
1) intraarticular haemorrhoage, 2) capsule tear, 3) meniscoid contusion. 4) articular subchondral 
fracture, 5) articular pillar fracture. 
Disc injury: Annulus tear 
  
  -  Cervical facet joint is one of the most common sources of neck pain post whiplash injury (up to 70%) . 
  -  Imaging is often normal
  -  Diagnostic injection (local anaesthetic) can be used to diagnose facet joint pain 
  -  Treatment: Radiofrequency Neuroablation (cervical medial branch radiofrequency neurotomy)  



Cervical intervertebral disc 

	
	Infancy, childhood
	Adult 

	Annulus fibrosis 
	-Cervical disc resembles typical disc
-Anteriorly:  thick, crescenteric shape (secure anterior part of vertebral body) 
-laterally: thin
-Posteriorly: thinner or absent (allows movement to occur)  
- inner annulus is continuous 

- Outer: collagenous (from vertebral rim above to the vertebral rib below)
- Inner layer: cartilaginous (with cartilage plates and forms an envelope that contains nucleus pulpusus). 
- ring apophysis: fused to vertebral rim above and below
	- Posteriorly: Largely deficient (Only PLL covering the NP)
-anteriorly: crescenteric , thickest
- laterally: thin
- all fibres of AF pass superiorly and medially. (unlike lumbar spine all in similar direction) 

	Nucleus pulpusus
	-Gelatinous
Fissures: 
- 9y. fissures starts to develop at uncinate process (Not sign of injury or degeneration; allows movement)

	-scarred (due to increase in collagen) 
- becomes a fibrocartilaginous plate.
( less hydrated)  NP is no longer visible
Fissures: 
- fissures and clefts are common
- by 20y. uncovertebral clefts spreads medially as fissure into annulus
-by 45y, complete fissuring across posterior half of the disc
(only PLL posteriorly) 

	Gross anatomy changes of disc
	 - 7-8y. uncus starts to grow and narrow the lateral disc space

	- uncinated processes deflect outwards as osteophytes (adaptive remodeling). 
- Discs height loss
- affects primarily C4-7 (most mobile segments) 
-increased thoracic kyphosisincreased cervical lordosis 
- Increased stiffness of lower cervical segments extension of neck in elderly becomes limited 
- at 80 y. spontaneous interbody fusion across the lower cervical discs is common  increased risk of life threatening trauma to upper cervical level from simple falls 


 * transverse fissure is not horizontal but concave upwards and forwards , parallel to the curvature of the internal surfaces of the uncinated process. 

Cervical degeneration 
· Osteophytes develop:  adaptive remodeling
· Degenerative change develops at the facet joints
· Such changes are almost universal with aging
· Degenerative changes in the discs or facet joints do not correlate with the neck pain 

Cervical spine is different from lumbar spine disc 
Cervical discs are not susceptible to internal disc disruption as are the lumbar discs 
1) Cervical discs lack a gelatinous nucleus 
2) Nucleus is not constrained by a circumferential anulus fibrosus 
3) Not loaded by 50% or so of body weight
Cervical discs might be more susceptible than lumbar discs to the equivalent of ligament sprains. 
    
Lumbar Spine intervertebral disc and vertebral body (2006 -4 ) 
	Structures
	Picture 
	Features 
	Microstructure

	Anulus fibrosus
纤维环
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	- 10-20 sheets of collagen fibres (lamellae)
- Lamellae are thicker anteriorly, laterally
- Around half of lamellae extend the entire circumference 
- collagen fibres in each lamella are oriented in same direction, 65-70° from the vertical
- The direction alternates with each lamella 
- The disc is richly innervated in its outer 1/3 
	- 60-70% water
- Collagen>>PG
- PG mostly aggregated
- Collagen mainly Type I, some type II throughout anulus
- type I mainly outer anulus
- some elastic fibres
- contains Chondrocytes and fibroblasts 

	Nucleus pulposis
髓核
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	- Healthy disc: semi fluid mass of mucoid material
- Can be deformed but not compressed 
- Can transmit forces in all directions under pressure. 
	-70-90% water
- PG>>Collagen
- PG freely dispersed PG units
- Collagen mainly type II
- Contains chondrocytes

	Vertebral end plate 
终版
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	- 1 mm thick layer of cartilage 
- consists of hyaline and fibrocartilage 
- is bounded by the ring apophysis 
- Collagen fibres of the inner anulus fibrosus enter the end plate and swing centrally within it 
 
- Diffusion of nutrients through the end plates is important for the nutrition of the end plate and intervertebral disc 
	

	Vertebral body
椎体
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	- Trabecular bone in VB consists of vertical and transverse trabeculae
- Allowing VB to resist vertical and horizontal load. 
	

	Spine 
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	1.Vertebral body: (have horizontal and vertical oriented trabeculae to distribute load)
2. Posterior elements: 
- Pedicle
- transverse process
- Facet joint: IAP, SAP (articular process above and below connect via facet joints. Synovial joint)
- Lamina: 
- Spinous process 

- Canal (vertebral foramen): 
- neuroforamen: each nerve root exits
- Mamillary process
- Accessory process 
3.The disc sits between the vertebral bodies
-annulus fibrosis
- nucleus pulposis. 
- end plate. 
	Function of LS individual components
Vertebral bodies: resist axial compressive forces via inner trabeculae. 

Facet joint: can be flat, C shaped, or J shaped, resist forward translation and rotation of L vertebra. 

Disc: NP evenly distributes compressive force, AF resist twisting plus translation in each direction. 
Vertebral endplate allow nutrient to transmit through the endplate. 



Disc biochemistry 
	Type
	 Basic Unit
	Higher level structure 
	Description

	Collagen (the rope) 
胶原蛋白
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Each chain consists of strands of protein molecules (X-Y-Gly) 
1. X often proline
2. Y often hydroxyproline
3. Glycine

* Each chain Comprises about 1000 amino acid 
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	- 3 polypeptide chains wind around each other in helical fashion to form a tropocollagen molecule 

- Troprocollagen chains join to form a collagen microfibril
- Several microfibrils joint to form a collagen fibril. 

-11 types of collagens are found in connective tissue. 
*Type I: tissue typically subjected to tension, compression
      Predominant in anulus fibrosis 
*Type II: more elastic. More in nucleus pulposis . 


	Aggrecan
聚集蛋白聚糖 
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Repeated sequence of 2 molecules 
1. HA: Hexose Amine
2. Sugar molecule
* Each GAG contains around 20 repeating units 

Main GAGs: CS 6, CS 4, KS, HU
 Chondroitin 6 Sulphate
 Chondroitin 4 sulphate
 Keratan sulfate
 Hyaluronic acid 
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	GAGs (Glycosaminoglycans 葡萄糖胺聚糖) 
- GAGs consists of long chains of polysaccharide. 
- CS chains are composed of 25-30 repeating Units
- KS chains are smaller 
- GAGs are highly charged and contribute to the osmotic pressure effect that holds water. 
- Ionic radicals of GAGs chains (carboxyl and sulphate radicals (COOH, SO4)) are main force of GAG holding water. 
- Sulphated GAGs attract water more strongly

- CS= 2x KS water binding capacity
- water binding capacity dependent on CS total 

Aggrecan: 
- is the main proteoglycan of the intervertebral disc
- Consists of a linear protein core with 3 globular regions: G1, G2. G3. 
- Linear sidechains of CS and KS attract water
- Many individual aggrecan units aggregate together by binding to hyaluronic acid by means of their G1 domain 

	Enzymes 
	Matalloproteinases
MMP-1: collagenase
MMP-2: Gelatinase
MMP-3: Stromelysin 
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	- They breakdown proteins 
- Remove old components of the matrix, allowing them to be replaced with fresh component. 

- Secreted as inactive forms, kept in balance.
- Activated by agents such as plasmin. 
- Inhibited by proteins known as Tissue inhibitors of metalloproteinase (TIMPS) 
- There is a balance between activation and inhibition of MMP. 







Biomechanics of the spine 
	Weight bearing 
	Anulus fibrosus: 
1. Brief load: AF alone can transmit weight
2. Prolonged weight-bearing: AF tend to deform buckle the collagen lamellae, water squeezed out of AFheight lessened compression on nucleus pulposus.

Nucleus pulposus: 
1.Compression raises the pressure in the nucleus pulposus exert radially onto the anulus fibrosus (NP may be deformed but its volume cannot be compressed) 
2. Tension in the anulus rises  prevent AF from expanding radially
3. Nuclear pressure is then exerted on the endplates
4. the pressure on the endplates transmits the load from one vertebra to the next. 
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	Movements
	Unique structure provides stability 
1. Separation of the vertebral bodies increases the height of the intervertebral disc (all the collagen fibres in the AF are lengthened and tensed, regardless of their orientation).
2. Sliding movement of an interbody joint:
 - fibres orientated in the direction of movement are stretched resist sliding movement
 - Fibres in every 2nd lamella are relaxed 
3. Twisting movements: resisted by those fibres inclined in the direction of twist 
4. Rocking movement:  causes compression of the AF in the direction of movement stretch the AF on the opposite side
(discs are concave posteriorly have a greater portion of AF located posteriorly. Tus have more anulus available to resist the posterior stretch that occurs in flexion) 
* Anular tear: forward flexed and twisted force can place maximal stress on those fibres resisting this action tear. 
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Aging changes (2006:3) 
- Changes seen with aging (commonly termed Degeneration) are normal: 
1) spondylosis (disc), 
2) facet arthrosis, degenerative joint disease (facets) 
- changes are not painful 
- poorly understood by many 
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Biochemistry of aging
* Degenerative changes are the expression of an imbalance between synthesis and degradation of the matrix of intervertebral discs or articular cartilage . 
* Synthesis promoted by TGF, bFGF, IGF
    * Degradation activated by TNF, IL-1, O2, NO
- Balance can be disturbed by: molecular, microscopic, biomechanical and macroscopic factors. 
	Biochemical changes 
	Structural changes to discs
	Vertebral end plate, body 
	Zygapophysial joints 

	- ↓amount, production of PG
- PG becomes smaller 
- KS remains constant but CS falls (increase KS/CS ratio)
- ↑collagen content, collagen-PG binding  ↓water binding
-  ↑Type I.  ↓Type II collagen (less distinction between AF and NP)
- discs become more fibrous and stiffer
	-↓distinction btw NP and AF
- NP is less able to exert fluid pressure, so a greater share of vertical load on AF
- NP is less able to exert radial pressure on the AF
- Cracks, cavities, clefts and fissures may develop in AF
- Osteophytes at edge of vertebral body (in an attempt to distribute load over a wider area) 
- AF buckles and bulges with redistribution of compressive forces   disc may narrow. 
	1. End plate is thinnerDeform by micro fracture, bowing into the vertebral body
2.Vertebral body
- ↓bone density  
-  loss of horizontal trabeculae (these normally brace the vertical trabeculae) 
- End result: Greater proportion of compressive load taken by cortical bone (less resistant to deformation and injury). 
3. Marginal osteophytes develop as a form of adaptive remodeling to increase surface area and so redistribute and reduce load
	1. articular cartilage ↑ thickness with age (early changes) 
2. It becomes fibrillated with development of subchondral sclerosis and delamination
3. Osteophytes develop
4. In other areas articular cartilage may extend beyond the normal joint (“wrap around bumper”) to cover and protect edges, due to repeated stresses with rotatory movements .


Painful disc changes 
Internal disc disruption: different from aging. 
Definition: is characterized by the presence of isolated, radial fissures penetrating from the nucleus pulposus into the annulus fibrosus but without breaching the outer annulus. This is a pathologic condition that can cause discogenic pain. 
Prevalence: common cause of chronic back pain  26-42% 
	
	Character
	Pathology
	Diagnosis 

	Internal disc disruption
 (IDD)  
	1.Degradation of the nuclear matrix, 
2. Presence of radial annular fissures 
-Different from aging. Is not disc degeneration (although share similar biochemical properties)    
- in a disc with IDD, the stresses in the NP are irregular, decreased, and may be zero. But the stress in the posterior AF is increased above normal 
	1. Initiating event is end plate fracture (due to sudden severe compression injury or chronic fatigue failure of the end plate) 
 disrupting the normal homeostasis of the NP  setting off a process of disc degradation.
2.   Disc resorption (result in disc narrowing) 
3.  ↑ loads are borne by AF ↑ radial fissure, buckling may develop (Can be painful: outer 1/3 being consistently innervated) 
4.  if radial fissures reach the periphery of the disc disc herniation may result 
Grade I: fissures reach inner1/3
Grade II: fissures reach middle 1/3
Grade III: fissures reach outer 1/3 of AF
Grade IV: fissures spread circumferentially
	1. disc stimulation to test for pain ( gold standard but invasive) 
2 .  Post-discography CT ( to visualize the disruption) 
3.  Stress profilometry changes
  - Irregular, decreased or zero stress in NP. 
  - posterior annulus stress increased (mechanical nociception)  
4. MRI suggesting IDD if 
   - MODIC changes 
   - High intensity zones 
( each strongly but not absolutely implicates the affected disk as the source of pain)   




Lumbar Zygopophysial joints and SIJ 
	
	Lumbar Zygapophyseal joints (LFJ)  (2018 Q3-2)
	Sacroiliac joints ( SIJ) 

	Anatomy features
	- True synovial joints 
- surrounded by fibrous joint capsule
- articular surfaces are covered in hyaline cartilage 
- fibroadipose meniscoids (fat) are present superiorly and inferiorly that project into the joint.
- Anterior capsule is formed by the ligamentum flavum 
- Orientation of LFJ (can be flat, C shaped, or J shaped): to prevent forward displacement and rotatory dislocation of the intervertebral joint (curved joint resist both forward, rotation)
Lumbar Z-joints are oriented to block axial rotation and forward sliding of the lumbar vertebrae. 
	- Synovial joint reinforced by powerful ligaments posteriorly 
- Is a stress relieving joint 
(without SIJ, torsional stress with movement would eventually result in stress fracture of the pelvic ring). 


	Movement
	Flexion: inferior articular processes (IAP) are free to glide upwards across the superior articular process (SAP) 
Extension: inferior articular process (IAP)  glide downwards across the superior articular process but are arrested by impaction against the lamina below . 

	 - Very little movement occurs at SIJ 1-2°
- More than one axis of movement( 3 dimensional nature of forces applied to the pelvis day-to-day
    

	Injuries 

/Stability mechanism
	- Normal, age-related changes is not painful 
- Pathology causing pain is often not shown on scan 
- Diagnosis is based on clinical suspicion and diagnostic injection (Medial branch blocks) 

1. Extension:  
a. may be associated with impaction of IAP on the lamina below 
b. continued extension results in rotation of the segment around the impacted articular process  disrupting the capsule of the opposide z joint. 
2. Flexion: especially + side bending  injury on the contralateral z-joint capsule 
3. Rotation: 
       a. Causing impaction of ipsilateral Z jointarticular cartilage or bony injury ;  
       b. Capsular injuries of contralateral z joint capsule (avulsion tear)
       c. Annua Fibrosis is subjected to shear forces injury. 
4.  Meniscus extrapment: When returning to the upright position after flexion, the meniscus buckles and acts like a space occupying lesion under the capsule, causing pain through distension  extension is painful. Patient assumes a flexed position. 
     Manipulation with flexion and gapping, theoretically resolve the problems 
	Stability arises due to 
    * powerful supporting ligaments 
    * morphology of the joint. 
1.Wedge shaped morphology of the joint
 - S1: narrower ventrally, S3: narrower dorsally (resisting rotation) 
 - Weight of upper body produces a rotational force on the SIJ, however restricted by wedge shape.

2. Irregular contour of the joint surface provides additional stability
 - ridges, prominences, troughs and depressions 
 - A manor prominence on the ileum called Bonnaire’s tubercle, which articulates with the depression on the articular surface of the sacrum. 

3. Powerful ligament: (Posterior lig >>> inferior lig) 
- The strongest are interosseous sacroiliac ligaments . 
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Figure 2.12 Metabolism of the matrix
of an intervertebral disc. Chondrocytes
synthesise collagen and proteoglycans,
which form the matrix and retain
water. They also produce enzymes
that can degrade the collagens and
proteoglycans. The enzymes, in turn,
are controlled by activators such as
plasmin, and inhibitors such as tissue
inhibitors of metalloproteinases (TIMP).
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