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 Protection 

 Bony Confined Pyramid Space 

 Globe suspended within orbit fat by ligament 

 Contains vital structure, nerves, blood vessels, eye 
muscles 









Blow Out Fracture 

Medial and Inferior 

Wall are the weakest 

 



Gun Shot Wound 
with Orbital 
Haemorrhage 

Bony casing makes 

orbit susceptible to 

compartment 

syndrome in the 

presence of orbital 

haemorrhage.  













 Duration 100-400msec 

 Protect from Foreign Body 

 Lubrication with Tear Film 

 Prevent Eye from Drying 

 Removal of Irritant 

 Reduced in Parkinsonism 









 Components 
 Nervous System Control 

 Lacrimal Gland and Lacrimal Outflow 

 Tear Film – 3 Layers 

 



Lacrimal Gland 

Canaliculae 

Lacrimal Sac 





 Maintain Optically 
Smooth Corneal 
Refractive Surface 

 Hydration 

 Oxygen Supply to 
Cornea 

 Removal of Debris 

 Bactericide 

 









 









 Lipid Layer –  top 0.1μm – Prevents Evaporation – 
Disrupted in Blepharitis, Rosacea 

 Water Layer – mid 8μm – Hydration, Oxygenation, 
Bactericidal Effect – Deficient in Old Age, Sjogren’s 
Syndrome 

 Mucin Layer – bottom 0.8μm – Surface Wetting – 
Deficient in Chemical Burn, Steven Johnson’s 
Syndrome 





 Structure 
 Opaque 

 Tough 

 Irregularly arranged collagen fibres 

 

 Function 
 Shape maintenance 

 Infection and trauma barriers 

 IOP maintenance (by resistance of IOP) 

 



 Sclera – Physical Protection 

 Uvea – Circulation, Pigment (absorbs stray light) 

 Neuroretina – Detects Light 

 













MR=medial rectus; LR=lateral rectus; SR=superior rectus; 

IR=inferior rectus; So=superior oblique; IR=inferior oblique  



 Duction – Eye Movement in one eye 

 Version – Simultaneous Movement in both eyes in the 
same direction 

 Vergence – Simultaneous Movement in both eyes in 
opposite direction – convergence, divergence 



 Elevation, 
Supraduction, 
Supraversion – Up 

 Depression, 
Infraduction, 
Infraversion – Down 

 Dextroversion – Right 

 Levoversion – Left 

 Abduction 

 Adduction 



 Extorsion – superior pole of eye tilt outwards  

 Intorsion – superior pole of eye tilt inwards 

 Dextrotorsion (version) – superior pole of eyes tilt to 
right 

 Levotorsion (version) – superior pole of eyes tilt to left 



 Saccade – short fast burst, up to 900deg/sec 
 Reflexive saccade to external stimuli 

 Scanning saccade 

 Predictive saccade to track objects 

 Memory-guided saccade 

 Smooth Pursuit – sustain slow movement  

 Weak performance up to 60°/s at 0.5 to 1Hz max 
frequency.  

 Driven by motion of a moving target across the retina.  

 Disorders are sensitive indicators of CNS dysfunction  

 



Saccadic eye movement Slow phase eye movement 

spiking on the oculomotor nerve 

commands to  
initiate saccades 

pre-motor 

burst neurone 

oculomotor neurone 

integrating  

neural network PPRF for horizontal 

saccades 

 

rIMLF for vertical 

and torsional 

saccades 

prepositus hypoglossi  

and vestibular nuclei for  

horizontal position holding 
 

nucleus of Cajal for vertical 

position holding 

velocity commands 

from 

 

visual velocity signals 

 

and 

 

vestibular signals 

of head motion 

oculomotor neurone 

to eye muscle 

. 

. 

. 

integrating neural network to maintain eye 

velocity and final position holding 

? 

 

‘burst’ 





Lateral Rectus 















 Hering’s Law of Innervation – conjugate movements 
are due to innate innervation 

 For example dextroversion – equal innervation to right 
eye lateral rectus (abduction, 6th nerve) and left eye 
medial rectus (adduction 3rd nerve) 

 Sherrington’s Law of Reciprocal Innervation – 
antagonist muscles relaxes 

 For example dextroversion, right eye medial rectus and 
left eye lateral rectus relax 











Projection to superior 
colliculi 

Generation of saccadic 
eye movements 

Eye - head coordination 

Also receives inputs 
from auditory system 

 

 

 

 

 

 

Retino-tectal Pathway 





 Slow phase following 
driven by motion of an area 
of the visual field.   

 The cumulative eye 
deviation is rest by fast 
phases: ‘optokinetic 
nystagmus’ 

 Function of OKN is to 
complement the vestibular-
ocular reflex by signaling 
sustained motion                                                                            







 Concomitant Squint – Constant misalignment in all 
gaze, eg. Childhood Squint 

 Nonconmittant Squint – Misalignment varies with 
gaze, eg. 6th nerve palsy 

 Tropia – Misalignment of one eye with respect to the 
fixating eye, exo – outwards, eso – inwards, hyper – up, 
hypo – down 

 Phoria – Misalignment only apparent after suppressing 
binocular vision 

 Childhood Chronic Onset – No double vision, adult 
acute onset – double vision 



 Orbit – mechanical effect of mass, haemorrhage 

 Muscle – fibrosis, inflammation, thyroid eye disease 

 Neuro-muscular Junction Blocking – Myasthenia 
Gravis 

 Nerve – Nerve Palsy (6th nerve palsy), Mis-wiring of 
nerve (Duane’s Syndrome) 

 False-Locating Signs in Raised Intracranial Pressure – 
Bilateral Lateral Rectus Palsy 

 Brainstem – Gaze Palsy 

 

 

 

 

 

 







 Cornea 

 Conjunctiva 

 





5 Layers of Cornea 

1 Epithelium 

2 Bowman’s 

Membrane 

3 Stroma – maintains 

transparency 

4 Descemet 

Membrane 

5 Endothelium – 

virtually no 

regeneration, 

responsible for 

pumping out stromal 

fluid 



 Transparency – Regularity of Stromal Layer – Order of 
Regularity much less than wavelength of visible light – 
390 - 750 nm. 

 Refraction – Bends light, converges parallel ray into 
convergent ray – 2/3 of refraction power 

 Physical Barrier 

 Infection Barrier 







 Regular Healthy 
Corneal 
Endothelial Cells 

 Irregular 
Unhealthy Corneal 
Endothelial Cells 













 Regulates light input to eye (but NB less than 2 log 
unit change) Feedback Loop 

 In light: 
 decrease spherical aberrations and glare  

 increase depth of focus 

 reduce bleaching of photo-pigments 

 In dark: 
 enlarge visual field 

 lower threshold for light perception 





 Afferent pathway 
 Rod and cone 

photoreceptors 

 Pupil-specific 
ganglion cells 

 Exit at posterior third 
of optic tract 

 Three partial 
crossings 

 



 Efferent pathway 
 Two neurons 

 Edinger-Westphal 
nucleus specific to 
sphincter 

 Synapse at ciliary 
ganglion 

 Exit midbrain at 
interpeduncular fossa 

 



 Unilateral afferent 
defect 

 Unilateral efferent 
defect: unequal 
pupil size 
(anisocoria) 

 



 Anatomy 
 Outer acellular capsule 

 Epithelium 

 Inner elongated cells - lens 
fibres 

 Transparent 
 No blood vessels 

 Orderly arrangment of fibres 

 Small refractive. index 
differences between 
components 

 













 1D – power to 
converge parallel 
ray of light at 1 
meter ahead 

 Interface Curvature 

 Refractive Index 
Difference 



 The Near Response / Complex / Triad 
 

 Pupillary miosis (sphincter pupillae) 
 Convergence (medial rectus) 
 Accommodation (ciliary muscle) 
 

 Common efferent pathway (3rd Nerve) 
 

 Disassociation from light reflex 
 

 Argyll-Robertson Pupil 
 

 
 



 The Near Response / Complex / Triad 
 Pupillary miosis (sphincter pupillae) 

 Convergence (medial rectus) 

 Accommodation (ciliary muscle) 

 Common efferent pathway (3rd Nerve) 

 Disassociation from light reflex 
 Argyll-Robertson Pupil 

 





 Natural occurring loss of 
accommodation (focus for 
near objects) 

 Onset from age 40 years 

 Distance vision intact 

 Corrected by reading 
glasses (converging 
lenses) to increase optical 
power of eye 

 





 Structure 
 80% globe by volume 

 90% water 

 Few cells (hyalocytes) 

 Structural protein: collagen 

 Hyaluronic acid gives gel properties 

 Function 
 Transparency 

 Mechanical buffering 

 Passive transport/removal of metabolites 

 

 











 Structure 
 Smooth muscle 

 Ciliary processes 

 Function 
 Aqueous humour 

formation  

 Support of zonule fibres 

 Accommodation 
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 Formation 
 Secretion / diffusion / ultrafiltration from ciliary body 

 ‘Plasma-like’  

 Replaced every 100 minutes 

 Drains through  
 Trabecular meshwork 

 Uveoscleral Unconventional pathway 

 Function 
 Maintenance of IOP 

 Contributes to transparency 

 Metabolic support for lens, cornea & vitreous 

 

































 Measurement of spatial 
resolving power  

 Most commonly 
measured at 6 metres or 
20 feet (in US) using 
Snellen’s chart 

 Normal Snellen acuity  = 
6/6 (or 20/20) 

 Predicated on the basis 
that the normal eye can 
resolve detail of 1 minute 
of arc 

 





 N.B. rapidity of fall-off in 
acuity as move away from 
fovea - by 1 degree acuity 
is 60% of foveal 
maximum 

 







Why do we need colour? 



 Congenital colour deficiencies - affecting 8% males, 
0.5% females 

 Monochromatism – no cones or blue cones only 

 Dichromatism – 2 cone types (dogs) 
 Tritanopia – missing S-cone 

 Deuteranopia – missing M-cone 

 Protanopia – missing L-cone 

 Anomalous Trichomatism – shifted peaks 
 Tritanomaly – malfunctioning S-cone 

 Deuteranomaly – malfunctioning M-cone 

 Protanomly –malfunctioning L-cone 

 

 













 Left field: maps to nasal 
retina of left eye and 
temporal retina of right 
eye 

 Right field: maps to 
temporal retina of left eye 
and nasal retina of right 
eye 

 NB temporal fibres do 
not cross at the chiasm 



 1 Unilateral Vision Loss 

 2 Junctional Scotoma 

 3 Bitemporal 

 Hemianopia 

 4 Homonymous 
Hemianopia 

 5 Homonymous Superior 
Quadranopia 

 6 Homonymous 
Hemianopia 

 7 Homonymous Inferior 
Quadranopia 

 8 Homonymous 
Hemianopia with Macula 
Sparing 







 Visual processing continues beyond the striate visual 
cortex (V1) into extrastriate regions (V2, V3, V4, 
V5/MT, V6, V7, V8) 

 Evidence 
 Animal 

 Clinical conditions (e.g. cerebral achromatopsia) 

 Imaging (e.g. PET, fMRI) 

 





 Retinohypothalamic tract (RHT) 

 Biological clock in SCN of hypothalmus 

 Light-dark cycle major zeitgeber (entrains biological 
clock) 

 Intrinsically photoreceptive ganglion cells (iPRCs) 
containing melanopsin 

 N.B. lesions of RHT  - ‘circadian blindness’ 




