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Review Article 

Traumatic optic neuropathy: A review 
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Abstract 

Traumatic optic neuropathy (TON) is a rare entity resulting in vision loss after a head trauma, predominantly affecting men due to accidents, falls, violence, 

or sports injuries. The chances of recovery from an insult to the optic nerve depend on whether it is a direct or an indirect injury. Injuries to the optic nerve of 

direct nature often lead to immediate and severe vision loss that may not improve over time. On the other hand, injuries to the optic nerve which are indirect 

may cause delayed vision loss, sometimes even after the initial injury. Fractures in the optic canal are effectively detected using thin-section CT scans. MRI is 

recommended only when intracranial injuries cannot be fully assessed using CT scans. The management of TON includes observation, corticosteroids, and 

surgery. It is typically recommended to observe the condition, if there are no signs of blood clots or fractures in the optic canal. The treatment for TON involves 

giving very high doses of intravenous methylprednisolone, followed by slowly tapering with oral prednisolone. Surgical management should be done only 

when there are compression signs. 
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1. Introduction 

Traumatic optic neuropathy (TON) is the consequence of 

closed cranial trauma which is of disastrous potential.1 The 

cardinal feature is the loss of visual function, manifesting as 

diminished visual acuity, visual field defects and colour 

vision abnormalities.2 A pupillary reaction defect positively 

corresponds with a pre chiasmal trauma and points towards 

traumatic optic neuropathy.3 The incidence of TON is 

approximated between 0.7% & 2.5% of all the cranial injury 

cases. Indirect TON has a higher prevalence than direct TON. 

It occurs in 0.5% to 5% of all patients with closed head injury 

and 2.5% of patients with midfacial fractures. 

Intracanalicular part is the most common site of indirect TON 

(71.4%), followed by the orbital apex (16.7%), combined 

intracanalicular segment and orbital apex (11.9%).4-8 Men 

between ages 20 years and 40 years account for 60–95 

percent of total cases, making up the most involved group in 

cases of TON.7,9 These injuries causing TON can be of 

anterior and posterior lesions. Anterior lesions like avulsion 

of optic nerve, anterior ischemic optic neuropathy, hematoma 

of anterior optic nerve sheath show fundus abnormalities like 

Central Retinal Artery Occlusion and usually linked with 

other traumatic injuries to the eyeball. Posterior lesions are at 

the intracanalicular part of the optic cranial nerve and is 

usually free of any fundus findings, but disc oedema and disc 

pallor may happen. They are defined by loss of vision that 

occurs in the presence of a pupillary reaction defect but 

without any signs of globe injury or any signs of injury to the 

optic nerve.10,11 

2. Etiological Classification of TON (Figure 1) 

Traumatic optic neuropathy (TON) can result from 

motorcycle and car accidents (almost 15-75%), accidental 

falls (15-50%), physical violence and sports injuries. There is 

a significant link between TON and trauma to the cranium, 

wherein all patients with TON are having coincidental cranial 

injuries (two-thirds significantly). However, only 2% of the 
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patients with cranial trauma have an attack of TON.9 Direct 

traumatic optic neuropathy are usually the result of direct hit 

to craniofacial structures like penetrating or exhaustive crush 

injury with displaced fractures of cranio-orbit. Indirect 

traumatic optic neuropathy is far prevalent than direct 

variety.12 On quite the contradictory, indirect TON usually is 

a result of a blunt trauma or stress transmitted through 

adnexal tissues and bones of the orbit to the optic nerve 

progressing from low to high level sight threatening 

problems.13,14 Some examples such as fall by tripping or hit 

to the back of the head may result in a frontal blow leading 

onto a posterior traumatic optic neuropathy.15,16 TON may be 

linked with the fracture of the medial orbital wall, optic canal, 

zygoma or floor of orbit.17 The prognosis varies based on 

whether it is direct or indirect injury. Direct trauma can lead 

to devastating and fast vision deterioration with minimal 

recovery. Indirect trauma are seldom linked with sight 

recovery and has produced gradual diminution of vision that 

occurs multiple days after the primary injury.18 

 

Figure 1: Classification of TON 

3. Anatomical Classification of TON: (Figure 1) 

1. Optic nerve head avulsion  

2. Proximal optic neuropathy  

3. Distal optic neuropathy.  

3.1. Optic nerve head avulsion19  

This injury occurs at the origin of the optic nerve where it 

exits the globe. It is sometimes identified by a characteristic 

circular hemorrhage encircling the optic disc, visible during 

fundus examination. The separation of the nerve from the 

globe may result from a sudden, forceful trauma. 

3.2. Proximal optic neuropathy20 

This refers to trauma involving the initial 10 millimeters of 

the optic nerve, just before the entry point of the central 

retinal artery and vein. Damage in this area may lead to 

vascular complications such as central or branch retinal artery 

occlusion or anterior ischemic optic neuropathy, often 

presenting with retinal or optic disc abnormalities. 

3.3. Distal optic neuropathy20 

In this form, trauma affects the optic nerve behind the entry 

of the central retinal vessels, usually within the optic canal or 

intracranial portion. These injuries typically do not manifest 

with immediate optic disc changes during fundus 

examination. However, visual field deficits, including 

hemianopia, compartment syndrome may develop depending 

on the extent and location of the damage. 

4. Pathophysiology  

The axons of the optic nerve are arranged in double 

compartments -namely, the intra dural and the intra fascicular 

compartments. Closed space edema, contusion necrosis, tears 

in the nerve fibres, and ischemia due to spasm or thrombosis 

have all been associated as important mechanism for insult to 

the optic nerve function.22 Shear, stretch, compression & 

contusion at intracanalicular portion of optic nerve can lead 

to its improper function. Surgical intervention can give access 

to the duramater and can decrease internal fascicular pressure 

elevation.23 Disruption of venous blood flow also plays an 

important role in pathogenesis. Myelin is more sensitive to 

oedema and acidic reaction than the other axonal 

constitiuents. An important component of the pathogenesis of 

indirect TON is the consequence of stress /force on the 

intracranial and intraorbital contents. Laser interferometry 

studies on actual skulls showed that injury to the facial region 

damages the roof of the orbit with optic nerve and the adnexal 

vessels damage, especially at the entry of the nerve into the 

optic canal. The power hit to the frontal bone is maximised 

and sent to the apical part of the bony orbit and the canal of 

the optic nerve.24 Bruises of the axons of optic nerve with 

piamater vessels causes ischemia and oedema which result in 

further compression of nerve inside the closed compartment 

of the bony part of the canal of optic nerve and causes a 

positive loop of feedback which in turn initiate the 

mechanism of orbital compartment syndrome. After 

infarction, the cellular events which are the mechanisms 

behind the nerve injury are being analysed to be the 

additional events that may lead to optic neuropathy. The roles 

of oxygen free radical scavengers, enzymatic degradation, 

cytokinal effects, calcium molecular actions, and other types 

of reperfusion injury are now discovered via genomic level 

studies.25,26 

5. Neuro-Ophthalmic Evaluation (Figure 2) 

The diagnosis of TON is mostly by examination at clinical 

level. Patients with injury to the cranium and facial bones are 

the most vulnerable. They may have complicated craniofacial 

trauma, neurosurgical deficits, and other co-morbidities, with 

no visible signs of injury externally.27 Optic nerve 

malfunction is assumed when a reduction of BCVA or field 

is added by same side relative afferent pupillary reaction 

defect – ‘RAPD’ –the ‘Marcus Gunn pupil’28 at the time of 

initial ophthalmological exam. Comprehensive and 

exhaustive ophthalmic examination is warranted on all 
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patients in highly suspicious cases of traumatic optic 

neuropathy and includes these assessments:18, 29-33 

1. Visual acuity: Assessment of vision is the initial step 

which is to be done as soon as the patient is presented 

and a repeat assessment is done within 24 hours of 

presentation. It is recommended to assess vigorously 

the cases of subacute optic neuropathy (almost 10% of 

TON cases). Impaired color vision is one of the 

significant findings to be noted.  

2. Ocular adnexa: It may showcase fractures of orbital 

surroundings, oedema, proptosis, enophthalmos, 

multiple extraocular muscle dysfunction, protrusion of 

foreign bodies, prolapsed orbital volume, or 

conjunctival lacerations.  

3. Pupil reaction: A relative afferent pupillary defect is 

important for the diagnosis of TON. Marcus Gunn 

pupil is examined with the swinging flashlight test 

(when alternating a light source from one eye to the 

next -causing the affected pupil's initial constriction 

followed by a stall or dilatation).  

4. Intra ocular pressure: Increased IOP accompanies an 

orbit haematoma, diffuse orbit haemorrhage, orbit 

emphysema, or a soft tissue oedema.  

5. Fundus examination: Performed with help of 

cycloplegic drugs on all stabilised individuals. 

Examination of the retina and choroid vessels and its 

circulation, head of the optic nerve and its 

morphology, the visualisation of a ring haemorrhage 

nearby to the head of the optic nerve and the status of 

the macula is required.  

6. Laboratory studies: Haemostasis is important during 

the procedure of decompression of optic canal. These 

lab tests aid in the selection of patients for surgery. 

a. Haemoglobin/ haematocrit  

b. Platelet cell count  

c. Pro- thrombin Time (PT) / activated Partial 

Thromboplastin Time (aPTT)  

d. Bleeding time (BT) 

7. Radiology:34-41  

CT scanning is preferred for imaging orbital soft tissue 

and bony defects over MRI and is recommended 

without contrast to rule out associated pathologies in 

posterior traumatic optic neuropathy cases. It can 

identify fractures, optic nerve avulsion, and 

hematomas. Thin-sliced CT scans of the nose, sinuses, 

orbital, and the canal of optic nerve should be used for 

assessment and as a surgical guide if decompression is 

needed, although surgical decisions should primarily 

rely on clinical findings. Optic canal fractures are best 

shown by thin-sections of CT scans with 1.5 mm cuts 

and 1mm intervals. Spiral CT is useful for rapid data 

acquisition in non-cooperative patients.  

MRI is used to assess intracranial injuries when CT 

imaging is insufficient. It evaluates integrity of optic 

nerve integrity and detects the optic nerve intra- sheath 

haematomas. However, MRI is not indicated in 

suspected metal foreign bodies. Diffusion-weighted 

imaging (DWI) may reveal optic nerve hyper intensity 

signals, aiding in the diagnosis of indirect TON.  

8. Additional tests 

a. Visual field analysis by Perimetry: TON suspects 

are subjected to visual field analysis. Quantification 

of field defects is useful to estimate the prognosis of 

visual outcome. Simple screening by confrontation 

method is advised at bedside for unstable patients.  

b. Visual-evoked potential (VEP) and Electro Retino 

Graphy (ERG) are promising investigations in the 

modern times for diagnosis of TON. Flash visual 

evoked potential (fVEP) with a value of more than 

fifty percentage normal wave pattern is considered 

a good visual prognosis.43 

c. Optical coherence tomography (OCT) records the 

retinal nerve fibre layer thinning in TON. It is 

usually not detected in the initial stages. Thus, OCT 

is not the investigation of choice in TON. OCT 

might be good in the future to measure nerve 

reperfusion.44 

6. Treatment (Figure 3) 

Besides from timely monitoring, the other two management 

modalities that are used include high dose of steroids or 

surgical decompression of optic nerve. The management of 

TON is quite cumbersome because monitoring is found to be 

superior to the other two modalities and there is less data in 

the literature as to prove this statement as false. The 

International Optic Nerve Trauma Study (IONTS)—showed 

that there is no proven success from either steroid treatment 

or optic canal decompression surgery. When there is no signs 

of hematoma or fractures of the optic canal, then a mere 

simple observation is the mainstay of management.45-47 

6.1. Corticosteroid therapy48-54 

Corticosteroids are commonly used in the management of 

traumatic optic neuropathy due to their potential to stabilize 

cell membranes, reduce vascular permeability, and suppress 

inflammation. These effects may help limit further damage to 

the optic nerve by decreasing edema and oxidative stress in 

neural tissues. The typical treatment protocol involves 

administering high-dose intravenous methylprednisolone, 

which is then transitioned to oral prednisolone with a gradual 

taper. Despite their widespread use, the effectiveness of 

corticosteroids remains debated. Findings from the 

International Optic Nerve Trauma Study (IONTS)—a major 

prospective investigation—indicate no significant difference 

in visual outcomes among patients treated with 

corticosteroids, those who underwent surgery, and those who 
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were simply observed. The study also found that neither the 

dosage nor the timing of steroid administration influenced the 

prognosis in a statistically meaningful way. However, other 

clinical reports have shown varying outcomes. For instance, 

research by Sitaula et al. compared observation, oral 

corticosteroid therapy (1 mg/kg of prednisolone for one week 

followed by a six-week taper), and high-dose intravenous 

methylprednisolone (1 g/day for three days, then tapered oral 

prednisolone). Their findings suggested that patients 

receiving high-dose steroids had a more rapid and favourable 

visual recovery than the other groups. 

 

 

Figure 2: Neuro-ophthalmic evaluation of TON 

 

Figure 3: Treatment of TON 
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6.2. Surgery:55-62  

Surgical decompression of the optic nerve is one of the 

treatment modalities considered in cases of traumatic optic 

neuropathy, particularly when there is evidence of optic canal 

compression or when vision deteriorates despite medical 

management. There are three main surgical approaches to 

achieve decompression: the transcranial route, the 

transorbital approach, and the endoscopic trans nasal 

technique. Among these, the transorbital and transcranial 

methods are gradually falling out of favor due to cosmetic 

concerns, although they offer a wider surgical field and 

potentially more complete nerve decompression. The 

endoscopic trans nasal approach, which does not leave visible 

scars, is becoming more popular despite some limitations in 

surgical access and visualization, which may affect outcomes 

in certain cases. The current literature lacks robust, large-

scale studies that clearly support the superiority of any 

surgical technique over conservative or medical 

management. As such, the benefit of surgery—either alone or 

combined with corticosteroids—remains inconclusive. 

Reported complications from surgical decompression include 

cerebrospinal fluid leaks, hemorrhage, and postoperative 

infections. Given the uncertain efficacy and potential risks, 

the decision to pursue surgical intervention should be made 

collaboratively, with a clear explanation to the patient and 

family about the potential outcomes and complications. A 

case-by-case assessment, guided by clinical judgment and 

radiologic findings, remains essential. 

7. Newer Modalities in Management 

7.1. Diagnostic innovations: Doppler sonography63 

Ultrasound Doppler measurements can be used in TON to 

measure central retinal artery haemodynamics. There is a 

reduction in the flowrates of the systole & end-diastole in the 

patients with decreased peak systolic velocity (PSV) and end-

diastolic velocity (EDV) in the central retinal artery (CRA) 

of the damaged eyes. Measuring the optic nerve sheath 

diameter (ONSD) can show optic nerve changes using 

arteriovenous color Doppler.  

7.2. Experimental treatments  

7.2.1.. Erythropoietin64 

Erythropoietin, a hormone primarily known for regulating 

red blood cell production, has demonstrated neuroprotective 

properties due to its anti-apoptotic and anti-inflammatory 

effects. Preliminary studies have suggested that EPO 

administration may contribute to visual recovery in TON by 

mitigating secondary neuronal injury. 

7.2.2. Glutamate antagonists65-67  

Glutamate plays a major role in excitotoxicity, which can 

damage retinal ganglion cells following optic nerve trauma. 

Agents like memantine, phenytoin, and dizocilpine (MK-

801), which block NMDA receptors, have been shown in 

animal models to protect against such excitotoxic injury and 

support neuronal survival. 

7.2.3. Crystallin & citrus naringenin68 

Crystallins, which belong to the small heat-shock protein 

family, have demonstrated potential anti-inflammatory and 

axon-regenerating effects in nerve injury models. Similarly, 

naringenin, a natural flavonoid found in citrus fruits, has been 

associated with improved survival of retinal ganglion cells in 

experimental TON settings. 

7.2.4. Nerve growth factors69 

Growth factors such as fibroblast growth factor-2 (FGF-2), 

brain-derived neurotrophic factor (BDNF), and ciliary 

neurotrophic factor (CNTF) are being explored for their 

capacity to promote regeneration of damaged optic nerve 

fibers. These molecules may enhance the survival and 

functional recovery of injured neurons. 

7.2.5. Mesenchymal stem cells70 

Mesenchymal stem cells (MSCs) are gaining attention in 

neuro-regenerative research. In models of optic nerve trauma, 

MSCs have demonstrated the ability to promote axonal 

repair, modulate inflammatory responses, and facilitate the 

survival of retinal ganglion cells, potentially offering a future 

therapeutic avenue for TON. 

8. Conclusion 

Traumatic optic neuropathy (TON) is a notable cause of 

visual loss following head trauma and often occurs in 

association with orbital fractures and soft tissue injuries. 

Early and thorough assessment—including visual acuity, 

pupillary response, and color vision—is essential for timely 

diagnosis and management. High-resolution CT imaging is 

crucial for identifying structural damage such as optic nerve 

avulsion, hematomas, or fractures involving the optic canal. 

According to findings from the International Optic Nerve 

Trauma Study, observation remains a reasonable approach in 

cases without radiological signs of compression. However, 

when there is evidence of progressive vision deterioration or 

structural abnormalities affecting the optic nerve, high-dose 

corticosteroid therapy should be initiated promptly. If vision 

continues to deteriorate despite medical treatment, or if 

imaging reveals compressive lesions, surgical decompression 

of the optic canal may be considered. Due to the complex and 

variable nature of TON, a multidisciplinary approach 

involving ophthalmology, neurology, and radiology is 

essential. Shared decision-making with the patient and their 

family is also critical in managing expectations and 

improving the likelihood of visual recovery. 
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