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Abstract: 
The optic nerve head and retina can be visualised in high-resolution two-dimensional cross-sections using 
optical coherence tomography, a cutting-edge non-invasive imaging technique. The optic nerve head and retina 
can also be quantified and measured in three dimensions. For the diagnosis and follow-up of several eye 
illnesses, including glaucoma, diabetic retinopathy, and age-related macular degeneration, ophthalmologists 
frequently use this technology. Since various clinical studies have shown that these disorders result in reduced 
thickness of the inner retinal nerve fibre layer, which is mostly made up of retinal ganglion cells and their axons, 
it has attracted a great deal of attention in recent years. To demonstrate the promise of this non-invasive and 
widely available technique, we sought to discuss the clinical utility of optical coherence tomography for 
identifying and assessing various movement disorders in this review. 
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Introduction

The substantia nigra pars reticulata (SNpr), one of 
the basal ganglia's many nuclei, plays a significant 
role in the development of eye movements. [1] 
Through its connections to the superior colliculus, 
the basal ganglia regulate saccadic eye movements 
(SC). [2] There are two routes in which the frontal 
eye fields' cortical projections get to the SC. One of 
these is the excitatory straight route. The SC is 
reached by the second pathway via a number of 
synapses in the basal ganglia nuclei. Although the 
GABAergic output from the basal ganglia 
ultimately inhibits or disinhibits the neurons in the 
colliculus, this route is also excitatory. [1] The 
caudate nucleus transmits inhibitory projections to 
the substantia nigra, which then exerts more 
inhibition on the SC, causing the SC to briefly 
become disinhibited and for the brainstem nuclei to 
produce a saccade. [3-5]  

The eye can be affected by both hypokinetic and 
hyperkinetic movement disorders. [6,7] Disfunction 
at the level of the retina, optic nerves, oculomotor 
system, or subcortical or visual cortex can lead to 
ophthalmological symptoms. [8] Ophthalmological 
data provide insight into the severity of distinct 
movement disorders and aid in their differentiation. 
These come after or could come before a 
movement disorder diagnosis. With particular 
reference to Parkinson's disease (PD) and 
Huntington's disease, eye movement abnormalities 
using quantitative recording techniques are now 

being considered as non-invasive biomarkers to 
study the natural progression of disease and effects 
of various therapies in various movement disorders. 
[9-13] Instead, abnormal eye movements have 
diagnostic and prognostic implications and have the 
potential to further research.  

The optic nerve head and retina can be imaged with 
high-resolution, two-dimensional cross-sectional 
pictures and quantitative, reproducible three-
dimensional volumetric data using optical 
coherence tomography (OCT), a contemporary 
non-invasive imaging technique [14]. For the 
diagnosis and follow-up of several eye illnesses, 
including glaucoma, diabetic retinopathy, and age-
related macular degeneration, ophthalmologists 
frequently use this technology. Since various 
clinical investigations have shown that 
neurodegenerative disorders result in decreased 
thickness of the inner retinal nerve fibre layer 
(RNFL), which is mostly made up of retinal 
ganglion cells and their axons, these diseases have 
attracted a great deal of attention in recent years 
[15]. Changes in retinal vascular density may also 
have potential as an ocular biomarker for 
neurodegenerative diseases due to the similarities 
between the microvascular structures of the retina 
and the brain and the presence of vascular 
abnormalities in the brain in many patients with 
neurodegenerative disorders. The OCT-
angiography (OCTA) approach uses light laser 
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reflectance to detect the movement of intravascular 
red blood cells and rebuild the retinal 
microvasculature in great detail without the use of 
contrast. It is a non-invasive method for imaging 
the retina's microvasculature. [16] We will talk 
about OCT findings in movement disorders in this 
review. 

Principles of Optical Coherence Tomography 
(OCT) 

OCT is a noninvasive diagnostic technique that 
generates in vivo cross-sectional images of the 
retina. It uses near-infrared light, based on low-
coherence interferometry, to create a cross-
sectional image of the retina. The first 
commercially available versions of OCT used time-
domain (TD-OCT) technology, which requires long 
acquisition times and provides axial and lateral 
resolutions of 15 mm. Improvements have been 
achieved over the past two decades with the 
emergence of spectral-domain OCT (SD-OCT) 
technology. This provides three-dimensional high-
resolution cross-sectional retinal images with an 
axial resolution up to five times greater and 
imaging speeds approximately 60 times greater 
than TD-OCT.[17] 

The retinal layers are automatically identified by 
the OCT device. It considers the differences in 
reflectivity and signals generated by each retinal 
layer. Thus, peripapillary RNFL (pRNFL) is 
defined as the distance between the internal 
limiting membrane and the retinal ganglion 
cell/inner plexiform layer. These layers are located 
between the RNFL and the inner nuclear layer. The 
total macular thickness is calculated considering 
the distance between the internal limiting 
membrane and the retinal pigment epithelium. [17] 

The pRNFL and macula thickness measures are 
both automatically estimated by the OCT 
equipment. The majority of OCT equipment 
acquire pRNFL thickness measurement reports by 
scanning a 6 6 mm area with 521 A-scans 
horizontally and 256 A-scans vertically, with the 
optic nerve head in the centre. A circle with a 
diameter of 3.4 mm that is centred on the optic 
nerve head makes up the measurement area. The 
thicknesses of the 12 clock hour segments, the four 
quadrants (superior, temporal, inferior, and nasal), 
and the average thickness are all measured (in 
mm). The macular analysis techniques include 512 
A-scans horizontally and 128 A-scans vertically in 
a scanned area measuring 6 mm by 6 mm. Based 
on a 6 mm circular map segmented into nine 
segments, the macular analysis is performed. The 
average macular thickness and the thicknesses of 
each of the nine sectors were measured (in mm) 
[17]. 

Optical Coherence Tomography in Parkinson’s 
Disease 

The most prevalent form of parkinsonism is PD, 
which is also the second most prevalent 
neurodegenerative illness affecting the elderly. 
Visual dysfunction (visual acuity, dynamic contrast 
sensitivity, and colour discrimination), pupil 
abnormality, lens opacity, motion perception, visual 
processing speeds, facial recognition issues, 
chronic visual hallucinations, and loss and 
dysfunction of retinal neuronal cells are just a few 
of the ocular changes that have been linked to PD 
[18,19]. The distinguishing clinical characteristics 
of Parkinson's disease (PD) in the brain are 
assumed to be mirrored by these visual 
abnormalities, which are connected to -synuclein 
accumulation and dopamine insufficiency in the 
retina [18,19].  

An abundant neuronal protein called alpha-
synuclein controls the movement of synaptic 
vesicles and the consequent release of 
neurotransmitters. Under pathological 
circumstances, it aggregates to form insoluble 
fibrils called synucleinopathies, which can cause a 
variety of cellular problems. A distinct group of 
amacrine cells in the inner nuclear layer release 
dopamine, which activates D1 and D2 dopamine 
receptors found all over the retina. Most frequently, 
decreased colour vision, visual contrast sensitivity, 
and visual acuity have been linked to decreased 
retinal dopamine [20]. Visual impairment has 
generally been thought to be a result of PD 
development, although there are some visual 
characteristics that can be seen in early PD and 
may even be present in the prodromal phase. 

Recent developments have increased interest in the 
role of the retina as a potential biomarker for 
making an early diagnosis of PD, as well as a way 
to track the development of the condition and 
assess cutting-edge treatment options. OCT may be 
used as a potential biomarker for early PD 
diagnosis and prognosis if early dopamine failure 
results in structural abnormalities of the retina that 
may be seen through retinal imaging. 

Inzelberg et al. [21] were the first to demonstrate 
RNFL thinning in ten PD patients using OCT in 
2004. Their findings were supported by further 
research, which also revealed decreases in macular 
volume and thickness [22,23]. Nonetheless, 
according to a number of additional investigations 
[24–26], RNFL thickness was comparable between 
patients and controls. The RNFL thickness was 
found to have a negative correlation with the 
severity of PD as determined by the Hoehn-Yahr 
stage and the Unified Parkinson's Disease Rating 
Scale (UPDRS) scores [24,25,27]. The akinetic-
rigid subtype of PD was found to have thinner 
RNFL than the tremor-predominant subtype [28]. 
Moreover, cognition [29] and the prevalence of 
hallucinations [26] have been linked to RNFL 
thickness. A progressive decline in RNFL thickness 
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was observed in recent longitudinal investigations, 
and this was accompanied by a progressive decline 
in visual function [30,31]. 

Better understanding of retinal thinning in PD 
might be obtained by segmented retinal layer 
measurements. According to a recent meta-
analysis, the macular layers most commonly 
impacted by PD are the inner plexiform layer and 
the ganglion cell layer [32]. Retinal changes in PD 
patients point to vascular and dopaminergic 
pathways, but further research is required to 
substantiate this notion. OCT assessments in PD 
patients present a number of problems, although 
pooled data from a recent systematic analysis 
indicated that there are strong relationships 
between retinal OCT measurements and PD [33], 
highlighting the potential value of OCT as an 
imaging biomarker in PD. Moreover, combining 
OCT and OCTA may improve diagnostic 
performance compared to any test used alone, 
offering new biomarker techniques for tracking the 
start and progression of Parkinson's disease [34]. In 
comparison to age-matched healthy controls, PD 
patients' PRNFL thickness was significantly 
reduced according to OCT investigations. All of the 
industries examined experienced a sizable thinning. 
Unlike to other neurodegenerative disorders like 
Alzheimer's disease, the thinning was not uniform 
and was more pronounced on the temporal 
hemiretina than the nasal half. Ten PD patients 
were shown to have RNFL thinning by OCT by 
Inzelberg et al. in 2004. [21] Thereafter, numerous 
more groups, including Yavas et al. in 2007, 
showed comparable outcomes. [35] In their study 
of 17 PD and 11 controls the following year, 
Altintas et al. reported reduced mean RNFL 
thicknesses in all quadrants, with the exception of 
the 8 o'clock position, when compared to control 
subjects. [22] In a 2012 study of 42 PD patients, 
Kirbas et al. discovered a comparable differential 
hemiretinal thinning of the temporal retina. [36] A 
2011 study by Moschos et al. on 16 PD patients 
produced corroborating results. However, they also 
discovered differential thinning in the inferior 
quadrant along with temporal hemiretina. [37] Yet, 
neither of them was able to provide a detailed 
justification for the same. 

OCT in Progressive Supranuclear Palsy 

A tauopathy called progressive supranuclear palsy 
(PSP) is frequently characterised by frontal lobe 
involvement, symmetrical parkinsonism, axial 
rigidity, falls in the first year of the disease, and 
retrocollis. [38] Due to the site of its pathology, it is 
well-known for a wide range of ocular 
abnormalities. The slowing of vertical saccades is 
the first anomaly of eye movements identified in 
PSP. The disease's distinguishing feature is 
believed to be vertical supranuclear gaze palsy. [39] 
Optokinetic nystagmus is best for detecting 

abnormalities in downhill saccades. [40] However, 
in the latter phases, which eventually result in total 
ophthalmoplegia, horizontal saccades are also 
compromised. 

Spectral domain optical coherence tomography has 
also been used in PSP to identify changes in retinal 
morphology (SD-OCT). [41] In 22 PSP patients, 
Stemplewitz et al.[42] found reduced macular 
thickness as well as inferior nasal and inferior 
temporal retinal thinning. 

The severity or duration of the condition did not, 
however, correspond with retinal alterations. In 
order to distinguish PSP from PD, Albrecht et al. 
showed that the ratio of the outer nuclear layer to 
the outer plexiform layer, with a cutoff of 3.1 and a 
thickness of the inner nuclear layer less than 46 m, 
had a sensitivity of 96% and a specificity of 70%. 

OCT in Corticobasal Syndrome 

Cortical myoclonus, alien limb experience, cortical 
sensory loss, and gradually progressing 
asymmetrical cortical and extrapyramidal 
dysfunction are all symptoms of corticobasal 
syndrome. [43]  

It is a pathologically varied entity that might appear 
as PSP, Corticobasal Ganglionic Degeneration, 
Picks Disease, Alzheimer's Disease, 
Frontotemporal Lobar Degeneration, Dementia 
with Lewy Bodies, or Creutzfeldt-Jakob Disease. 
[44] Using spectral domain OCT, Albrecht et al. 
[24] examined the thickness of the retinal nerve 
fibre layer in 10 patients with corticobasal 
syndrome. The scientists discovered significant 
variations in macular thickness and retinal 
characteristics in these patients, which may be 
related to several underlying diseases. Increased 
outer nuclear layer thickness was a remarkable 
discovery. 

OCT in Huntington’s Disease 

The Huntingtin gene on chromosome 4 has an 
enlarged cytosine-adenine-guanine (CAG) repeat, 
which results in Huntington's disease, an autosomal 
dominant illness. It is characterised by a triad of 
movement problems, cognitive decline, and 
neuropsychiatric indications and is the most 
frequent cause of genetic chorea. [45] Using 
spectral domain optical coherence tomography, 
Kersten et al.[46] examined the morphology of the 
optic nerve and macula in 39 patients with 
Huntington's disease.  

The temporal sector and macula both have thinner 
retinal nerve fibre layers, according to the authors. 
Macular volumes and temporal retinal nerve fibre 
layer thickness were shown to be significantly 
inversely correlated with illness duration and 
severity. 
OCT in Spinocerebellar Ataxias 
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Spinocerebellar ataxias, which demonstrate 
clinical, pathological, and genetic variety but are 
marked by numerous extrapyramidal symptoms in 
addition to ataxia, are autosomal dominant 
trinucleotide repeat disorders. [47] OCT was done 
on 24 patients with genetically confirmed SCA by 
Pula et al.[78]. In comparison to controls, the 
authors discovered considerable thinning at the 
peripapillary retinal nerve fibre layer in SCA2 and 
SCA3, and perifoveal macula thinning in SCA1, 
SCA3, and SCA6. [48] In patients with SCA 2 and 
SCA 3, a strong inverse relationship between 
illness severity as determined by the SARA score 
(Scale for the Assessment and Rating of Ataxia) 
and retinal nerve fibre layer thickness was 
discovered. [48] 

OCT in Wilson’s Disease 

Wilson's illness is a condition of copper 
metabolism that has extensive, primarily hepatic 
and neurological effects on the body. Tremor, 
dystonia, ataxia, and parkinsonism are the 
characteristics of the neurological symptoms. [49] 
Wilson's illness can cause visual impairment as a 
result of retinal degeneration and vitamin A 
malabsorption. Electrophysiological experiments 
using pattern reversal visual evoked potential 
recordings and electroretinograms have shown 
extended latencies with reduced amplitudes. With 
decoppering therapy, these anomalies also improve 
in part parallel to the clinical improvement. [50] 

Wilson's disease patients' retinal degeneration has 
been seen in optical coherence tomography studies 
as reduced thickness in the peripapillary retinal 
nerve fibre layer, macula, inner plexiform layer, 
and inner nuclear layer. [51] Another study of 58 
individuals discovered a substantial negative 
connection between OCT parameters and 
neurological severity in addition to showing 
reduced thickness of the retinal nerve fibre layer 
and macula. [52] Moreover, patients with positive 
MRI results have significantly lower retinal nerve 
fibre layers and macular volumes than patients with 
negative MRI results, according to Langwinska et 
al. [53]. 

Conclusion 

In conclusion, optical coherence tomography 
(OCT) is a useful noninvasive technology for 
identifying and monitoring neuroaxonal loss in 
various neurodegenerative illnesses and may be 
utilised to offer these patients with an easily 
accessible ocular biomarker. Movement problems 
can impact the optic nerves, retina, visual brain, 
and, most significantly, the ocular motor system. 
An eye exam is crucial in the realm of movement 
disorders. It aids in reducing the range of possible 
diagnoses in difficult cases with both hypokinetic 
and hyperkinetic movement disorders. The function 
of the retina in neurodegenerative diseases and its 

significance as a biomarker are now being clarified 
by recent studies. So, when assessing movement 
problems, it is essential to be familiar with the 
many facets of the neuroophthalmological 
examination. 
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