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Abstract
Ocular microtremor (OMT) is the smallest of three involuntary fixational micro eye movements, which has led to it being 
under researched in comparison. The link between OMT and brain function generates a strong rationale for further study 
as there is potential for its use as a biomarker in populations with neurological injury and disease. This structured review 
focused on populations previously studied, instrumentation used for measurement, commonly reported OMT outcomes, and 
recommendations concerning protocol design and future studies. Current methods of quantifying OMT will be reviewed 
to analyze their efficacy and efficiency and guide potential development and understanding of novel techniques. Electronic 
databases were systematically searched and compared with predetermined inclusion criteria. 216 articles were identified in 
the search and screened by two reviewers. 16 articles were included for review. Findings showed that piezoelectric probe is 
the most common method of measuring OMT, with fewer studies involving non-invasive approaches, such as contact lenses 
and laser imaging. OMT frequency was seen to be reduced during general anesthesia at loss of consciousness and in neu-
rologically impaired participants when compared to healthy adults. We identified the need for a non-invasive technique for 
measuring OMT and highlight its potential in clinical applications as an objective biomarker for neurological assessments. 
We highlight the need for further research on the clinical validation of OMT to establish its potential to identify or predict a 
meaningful clinical or functional state, specifically, regarding accuracy, precision, and reliability of OMT.

Keywords Ocular microtremor · Eye movements · Biomarker · Neurological injury · Neurological disease

Introduction

Eye-tracking can provide insights into underlying cogni-
tive mechanisms, such as attentional processing (Moran 
et al. 2018). Eye-tracking is utilized in various fields, such 
as medicine (Anderson and MacAskill 2013; Molitor et al. 

2015), psychology (Hannula et al. 2010), sports (Discombe 
and Cotterill 2015; Kredel et al. 2017), and consumer behav-
ior (Al-Azawai 2019; Bialkova et al. 2020). Examination 
of eye movements can provide an objective measure within 
neurological assessment, as specific eye movements can 
be attributed to specific brain regions and their functions 
(Stuart et al. 2019a; Hikosaka et al. 2000). Eye movements 
have been primarily categorized as saccades (rapid, jerk-like 
movements from one point of fixation to the next (Wade 
et al. 2003)), and fixations (time spent with eyes fixed on 
a visual target). Decline in ocular motor function has been 
linked to both neurological injury and disease, highlight-
ing the potential in understanding, diagnosis, treatment, and 
prognosis of such impairments (Anderson and MacAskill 
2013; Molitor et al. 2015; Mucha et al. 2014). Measurement 
of eye movements in neurological injury and disease is cur-
rently subjective, depending on clinical opinion providing 
potential for misdiagnosis (Baumann 2012; Tolosa et al. 
2006). However, with advances in technology, objective 
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measurement alternatives are becoming more readily 
available.

Ocular microtremor (OMT) may provide an objective 
measure for clinical use. First described in 1934, OMT is 
one of three involuntary eye movements that are present 
even when the eye appears still (Adler and Fliegelman 1934). 
OMT is considered a fixational movement and is a constant 
small amplitude, high-frequency tremor of both eyes (Rob-
ertson and Timmons 2007). OMT has been linked to the 
constant activity of the extra-ocular muscles stimulated 
by impulses from oculomotor neurons found in the brain-
stem (Robertson and Timmons 2007; Sheahan et al. 1993; 
Bolger et al. 1999; Shakhnovich 2012; Bojanic et al. 2001). 
Changes seen in OMT frequency occur because oculomotor 
neurons are embedded within the reticular formation of the 
brainstem (Robertson and Timmons 2007). The frequency 
of OMT ranges from 70 to 130 Hz in healthy individuals 
(Bolger et al. 1999a). Significantly lower OMT frequency 
has been recorded in patients under anesthesia (Bojanic et al. 
2001) and a lack of OMT frequency has been recorded in 
individuals diagnosed with brainstem death (Bolger et al. 
1999). Thus, OMT may provide a clinical tool for assessing 
brain stem function (Bolger et al. 1999a, 1999b; Coakley 
and Thomas 1977). Previous work has illustrated that OMT 
frequency changes with age, with significantly lower OMT 
frequency in those over the age of 60 (Bolger et al. 2001). 
Neurological diseases, such as Parkinson’s disease (PD) and 
multiple sclerosis (MS), have also shown decreased OMT 
frequency when compared to healthy controls (Bolger et al. 
1999, 2000).

There is no gold standard technique for OMT meas-
urement and methods range from invasive (e.g., piezo-
electric techniques) to modern non-invasive technologi-
cal assessment with eye-tracking devices (McCamy et al. 
2013; Bengi and Thomas 1968; Kenny et al. 2013, 2014; 
Torre et al. 2016). Due to the lack of gold standard, the 
application of these OMT measurement protocols varies, 
which limits generalizability and interpretation of underly-
ing deficits. Investigators who wish to measure and study 
OMT are left with a choice of measurement techniques 
and protocols that differ in many respects. In the process 

of developing robust and feasible protocols for clinical 
research, it is helpful to have evidence-based guidance. We 
therefore aimed to systematically review and summarize 
the current literature on OMT measurement and outcomes 
to aid the progression of future research.

We focused this review on the following: (1) the popu-
lations previously studied with OMT; (2) instrumenta-
tion used to measure OMT; (3) commonly reported OMT 
outcomes; and (4) recommendations concerning protocol 
design and future studies.

Methods

Search protocol

Four electronic databases were searched: PubMed, SCO-
PUS, Science Direct, and Web of Science. The key search 
terms in this review were “ocular microtremor” and “ocu-
lar micro tremor”. The search was limited to papers pub-
lished between 1990 and April 2023 full journal articles 
only and articles written in English language to eliminate 
the potential for translational errors creating confusion due 
to complex language used. Studies were considered rele-
vant if they incorporated terminology which contained the 
search term “ocular microtremor” in the title, abstract, or 
keywords. Findings were then screened, and any duplicates 
were removed. The remaining articles were then reviewed 
with consideration of the predetermined inclusion and 
exclusion criteria. These studies were then included in the 
review shown in Table 1.

Inclusion and exclusion criteria

Table  2 provides inclusion and exclusion criteria for 
papers, alongside the rationale for each criterion. Papers 
were only included if they demonstrated an objective 
measurement of OMT.

Table 1  Inclusion and exclusion 
criteria

Inclusion criteria Exclusion criteria

Published in the English Language Publications in languages other than English
Human participants Studies using non-human participants
Studies that objectively measure OMT either 

clinically or experimentally
Review papers

Studies using an observational design Conference papers
Papers with full text available Studies which have not been peer reviewed

No access—i.e., papers were unable to be obtained 
through reasonable attempts via library and contacting 
the authors
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nerve palsy (n = 1) (Bolger et al. 1999). Table 2 presents full 
details of all studies in chronological order. The sample size 
in the studies ranged from n = 5 to n = 214 participants (aver-
age n = 40). The participants included in the reviewed stud-
ies were male dominant, (174 males out of 262 participants 
were reported–4 studies did not specify) with participants 
ranging from 17 to 88 years old.

Inclusion and exclusion criteria

Inclusion and exclusion criteria were not specified in several 
of the studies (n = 10). When they were included, history of 
neurological trauma or ocular disease was frequently iden-
tified as a source for exclusion (n = 6), as was presence of 
medication which might affect brain stem function (n = 2). 
Age was also identified as a limiting criteria (n = 4) with two 
restricting the research to 18 + years old (Kevin et al. 2002; 
Heaney et al. 2004) and two studies to 21 + years (Bolger 
et al. 1999, 2001) due to concern regarding informed con-
sent. Pertaining to concern with informed consent, a cogni-
tive score on the mini-mental state examination (MMSE) of 
28 + was required in one study (Bolger et al. 1999).

Instruments and Procedures

Studies used a variety of techniques to measure OMT 
(see Table 2). Piezoelectric-based techniques were mostly 
used across the literature (n = 12) (Bolger et al.1992;1999; 
1999a;1999b;2000; Sheahan et al. 1994; Bojanic et al. 
2001; McCamy et al. 2013), two of which involved closed 
eye recordings (Kevin et al. 2002; Heaney et al. 2004). 
Other methods, such as contact lens-mounted accelerom-
eters (n = 1) (Spauschus et al. 1999), non-contact far field 
method (n = 1) (Ryle et al. 2015), eyelid mounted acceler-
ometers (n = 1) (Brown 1998), and laser speckle metrology 
(n = 1) (Kenny et al. 2014), were also utilized.

Table 2 shows equipment utilized to measure OMT in 
the literature. Most investigators administered local anes-
thetic for the scleral surface (n = 11). These were all piezo-
electric studies apart from one which used contact lens-
mounted accelerometers (Spauschus et al. 1999). To hold 
eyelids open, surgical tape was frequently used (n = 10). 
Eye retractors were also reported (n = 1). In some stud-
ies, head movement was anticipated as a source of noise 
and so to eliminate this, a headrest or a bite bar was used 
(n = 5). Recordings were taken over various time periods 
with some studies taking serial readings and some taking 
continuous recordings for up to 1 min. Where reported, 
OMT measurement was collected monocularly. If both 
eyes were tested, this was done independently.

Data extraction and synthesis

Studies that met the inclusion and exclusion criteria were 
reviewed, and data pertaining to OMT were scrutinized 
by the reviewer (LG). Article titles and abstracts were also 
reviewed by a second reviewer (JD), and any discrepancies 
were resolved by an additional reviewer (RM). Data were 
extracted and synthesized into table format which were again 
confirmed by the second reviewer (JD). Key information was 
extracted from the articles, including demographics, sample 
size, control samples, and methods used. Study inclusion 
and exclusion criteria were also analyzed.

Results

Ocular microtremor data extraction

Figure 1 provides a flow chart with information regard-
ing the different phases of the search process. A total of 
216 articles were obtained from the search, 68 duplicate 
articles were identified, and then removed leaving 148 
to be screened via literature review software. A further 
28 duplicates were removed, leaving 120 to be screened. 
Of the remaining articles, 35 were inaccessible. Where a 
paper could not be accessed, attempts were made to source 
the paper or contact the authors, but where no response 
was given, the paper was excluded from the review. Titles 
and abstracts of the remaining 92 articles were screened 
against the predetermined inclusion and exclusion criteria 
in the review software. Additional 25 were removed as 
OMT was not the outcome measure, four were removed 
for not using human participants, and seven were removed 
as they were nonsense citations. A further three were 
removed for being comments, and two contents removed. 
This left 16 articles which remained and underwent full-
text screening. Articles included in the review are pre-
sented in Table 2.

Sample populations

The reviewed articles (n = 16) investigated healthy individu-
als (n = 8) (Bolger et al.1999a, 1999b, 1992, Kenny et al. 
2014; Sheahan et al. 1994; Spauschus et al. 1999; McCamy 
et al. 2013; Ryle et al. 2015), (Bolger et al. 1999), individu-
als scheduled for surgery under general anesthesia (propofol/
sevoflurane) (n = 3) (Bojanic et al. 2001; Kevin et al. 2002; 
Heaney et al. 2004), individuals with multiple sclerosis 
(n = 2) (Brown 1998; Bolger et al. 2000), individuals with 
Parkinson’s Disease (n = 1) (Bolger et al. 1999), suspected 
brain stem death (n = 1) (Bolger et al. 1999), and oculomotor 
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Outcome measure: OMT characteristics

In all studies, the only reported outcome measure was 
OMT frequency. In healthy participants, the reported fre-
quency ranged from 78.27 Hz (± 3.9 Hz) (Kenny et al. 
2014) to 89.6 Hz (± 6 Hz) (Bolger et al. 1999b). OMT 
frequency was also observed in conscious and uncon-
scious populations with the use of anesthesia. In the con-
scious, awake states, OMT frequency was reported as 
80.6 Hz (SD = 5.9 Hz) (Bojanic et al. 2001) and 85 Hz 
(Kevin et al. 2002). This significantly reduced at the point 
of loss of consciousness to 43.8 Hz (SD = 7.3) (Bojanic 
et al. 2001) and 48 Hz (Kevin et al. 2002). Reviewed stud-
ies that looked at neurologically impaired populations 
reported OMT frequency was significantly reduced when 

compared to healthy individuals. In MS, OMT frequency 
was reported to be 71.3 Hz (SD = 10.5 Hz) and in those 
with MS and brain stem or cerebellar disease, 67.1 Hz 
(SD = 8.9 Hz) (Bolger et al. 2000). In PD, OMT frequency 
was 67.68 Hz (SD = 10.75) and in one participant, OMT 
was measured ON and OFF medication. There was a con-
siderable difference between ON and OFF states with 
OMT frequency with ON being 73.8 Hz (SD = 5.6 Hz) 
which dropped to 58.9  Hz (SD = 10.6  Hz) when OFF 
(Bolger et al. 1999). It was also reported that there is no 
difference between OMT frequencies for each eye. How-
ever, frequency varied when measured on different days 
(Sheahan et al. 1994). In a sample of individuals with 
ocular nerve palsy, the normal, unaffected eye possessed 
an OMT frequency of 84.4 Hz (SD = 16.9), whereas the 

Records identified from*:
Databases (n = 216)
- PubMed (n= 37)
- SCOPUS (n = 59)
- Science direct (n = 57)
- Web of Science (n = 63)

Records removed before screening:
Duplicates removed (n= 68)

Title and Abstract Records
screened.
(n = 148) Further Duplicates removed (n = 28)

Reports sought for retrieval.
(n = 120)

Reports not retrieved:
Book Section (n = 5)
Conference Proceeding (n = 18)
Reviews (n = 5)

Full articles assessed for 
eligibility.
(n = 92) Reports excluded: (n=76)

n = 25: Outcome not OMT
n =35:  no access
n = 7: nonsense citations
n = 4: non-human
n= 3 comments
n = 2 contents

Studies included in review.
(n = 16)

Identification of studies via databases and registers
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Fig. 1  PRISMA Search Strategy. (Search updated April 2023) (Page et al. 2021)
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affected eye possessed a significantly lower frequency of 
59 Hz (SD = 8.6) (Bolger et al. 1999). In another study, a 
significant negative correlation exists between OMT fre-
quency and age (Bolger et al. 2001).

Discussion

To the authors’ knowledge, this review presents the first sys-
tematic synthesis of the literature examining OMT. A total of 
16 studies met the inclusion criteria and were examined based 
on their methods, participants, and findings. We focused this 
review on the following: (1) the populations previously studied 
with OMT; (2) instrumentation used to measure OMT; (3) 
commonly reported OMT outcomes; and (4) recommenda-
tions concerning protocol design and future studies. Current 
methods of quantifying OMT were reviewed to analyze the 
efficiency and reliability of OMT as a measure. This review 
found that OMT frequency differs between different popula-
tions and possesses major clinical potential. However, the cur-
rent methodologies are highly invasive and limit the clinical 
applicability of OMT measurement.

Sample populations

Sample size hugely varied across the reviewed studies (i.e., 
n = 8–214). Reviewed studies with larger samples involved 
healthy participants, those under general anesthesia or brain-
stem death. Smaller sample sizes were seen for neurological 
cohorts, such as PD and MS, which will impact reported data 
and reduce results generalizability. PD and MS are heterogene-
ous conditions and therefore larger sample sizes are required 
to reflect the populations adequately. For example, some par-
ticipants experienced blepharospasm (a painful spasm of the 
eyelids) when the eyes were held open with tape or instruments 
(Sheahan et al. 1994). No visual function or ability features 
were used for inclusion or exclusion criteria, and many stud-
ies did not commonly collect demographic data or informa-
tion regarding habits/activities (e.g., hours of sleep, screen 
time, etc.). These may account for intra-subject variability 
and would be interesting to investigate in future work. Other 
eye-tracking studies typically require visual function to be nor-
mal or near normal to ensure accurate performance that is not 
impacted by visual function impairment (Stuart et al. 2019). 
While OMT should be present in all individuals, regardless of 
visual function, it may influence ability to follow instructions 
that involve visual function (i.e., look ahead at visual target). 
Generally, outcomes from small cohorts may not accurately 
reflect or represent that of the general population of interest 
and furthermore create a lack of statistical power that could 
lead to inconsistency in findings. Therefore, more work is 
required in PD, MS, and other clinical populations to study 
the efficacy of this outcome.

Instruments and procedures

There was no consistent method of OMT measurement, but 
most reviewed studies used the piezoelectric method. This, 
however, possesses low clinical accessibility. First described 
by Bengi and Thomas in 1968 (Bengi and Thomas 1968), 
the piezoelectric technique for measuring OMT involves 
lowering a rubber probe onto the scleral surface while the 
eye is held open with an eyelid retractor or surgical tape 
(Bolger et al. 1999, 1999b). The piezoelectric element acts 
as a transducer and measures scleral displacement (Shea-
han et al. 1994). While it is an accurate measure, it is out-
dated, and the invasive limitations outweigh the benefits, 
i.e., the need for the eye to be anesthetized (Bolger et al. 
1999, 1992, 2000, 1999; Sheahan et al. 1994; Spauschus 
et al. 1999; Bojanic et al. 2001), inter-observer variability, 
requirement of a highly trained operator, and the fact that 
recording time is limited to reduce discomfort and eye dry-
ness (Sheahan et al. 1994). Overall, this method is limited 
as an objective biomarker in clinical populations. Another 
potentially limiting factor of the piezoelectric method is the 
fact that it relies on constant uninterrupted contact with the 
sclera and there is an unknown loading effect of the probe. 
More recently, Ryle et al. (Ryle et al. 2015) demonstrated 
that a non-contact method was able to record OMT without 
causing a mechanical loading effect. This non-contact far 
field method described (Ryle et al. 2015) utilizes spatially 
incoherent illumination from a light-emitting diode (LED) 
and an ultra-fast, high-resolution black and white camera to 
capture eye movements. This method allows both horizontal 
and vertical fixational motions to be captured simultaneously 
without coming into contact with the eye itself. The relative 
frame-to-frame displacement could be calculated without 
having to tape eyelids open or probe the eyes surface. It is 
obvious that the piezoelectric method is outdated and is not 
clinically viable, thus limiting OMT as a potential clinical 
biomarker for neurological function or impairment.

A less-invasive technique described in the reviewed 
articles was the use of accelerometers, both contact lens-
mounted accelerometers (Spauschus et al. 1999) and eyelid 
mounted accelerometers (Brown 1998). These techniques 
enabled changes in eye acceleration to be recorded during 
eye movements. The accelerometers weighed 0.5 g each 
and therefore are much more tolerable than the piezoelec-
tric probe and having eyes held open. The accelerometer 
technique has a response range of up to 500 Hz—well above 
the expected range for OMT—and the response to accelera-
tion in a plane other than the target direction is less than 
3% suggesting that there is little noise interference (Brown 
and Day 1997). An additional accelerometer was also placed 
on the forehead to eliminate noise from head movements. 
This method allowed simultaneous recordings of both eyes. 
However, results in the reviewed articles showed little to 
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no discrepancies between the two eyes in healthy subjects 
(Sheahan et al. 1994). Ratliff & Riggs (Ratliff and Riggs 
1950) suggest that the reason this method did not gain wide-
spread clinical acceptance is that they may not adhere to the 
eye adequately. However, this research was carried out in 
1950 and as a result is likely outdated.

To ensure OMT provides an objective and clinically 
accessible biomarker, a non-invasive technique is required. 
In addition to the method used by Ryle et al. (2015), Kenny 
et al. (2014) also demonstrated that OMT could also be 
accurately measured non-invasively using laser speckle 
metrology (Kenny et al. 2014). Laser speckle metrology is 
the most recent method presented, and uses laser technology 
to create a speckle pattern of light and dark spots caused by 
interference (Kenny et al. 2013). This method offers a high-
resolution non-invasive, compact, and portable technique for 
obtaining OMT data. It has been proven to be feasible and 
overcomes many of the current limitations associated with 
other more-invasive techniques (Al-Kalbani et al. 2009). 
This solution shows promise for non-invasive measurement 
of OMT; however, there is a need for more evidence using 
non-invasive devices for objective OMT measurement to 
provide clear understanding and allow accurate interpreta-
tion for clinical use.

Outcome measure: OMT characteristics 
and implications

This review has found that OMT frequency differs between 
healthy individuals and clinical groups, specifically those 
under anesthesia, brain stem death, and those with neuro-
logical impairments (PD, MS). Overall, regardless of group 
the OMT frequencies range between 70 and 150 Hz, in line 
with previous reports (Bolger et al. 1999). OMT frequency 
was reduced compared to healthy controls in those under 
anesthesia and was not present in brain stem death. Simi-
larly, OMT frequency was found to be able to differentiate 
neurological populations from healthy controls, which is 
similar to wider eye-tracking literature. Eye movements are 
controlled by the extraocular muscles, which interconnect 
via a tract in the brainstem (Bae et al. 2013). Basal ganglia 
(BG) and cerebellum modulate the neural system for saccade 

generation, duration, and amplitude. Considering such a sub-
stantial area of the brain is involved in eye movements, it is 
no surprise that abnormalities in eye movements are useful 
for understanding brain activity and neurological disorders 
(Lal and Truong 2019). This is highlighted by Bolger et al. 
(1999) (Bolger et al. 1999) whose work in ocular palsy sup-
ports the notion that OMT has a neurogenic origin. The 
drop in OMT frequency also seen with anesthesia at loss of 
consciousness is particularly interesting in highlighting the 
link between OMT and neural activity as it is essential for 
patients to be unconscious during surgery, so a reduction in 
brain activity corroborates this. Moreover, eye-tracking is 
invaluable in enabling clinicians to discern brain dysfunction 
from patterns of abnormality and attributes this to different 
neurological states or neurological disorders (Terao et al. 
2017). This knowledge signifies the importance of research 
on OMT and its possibilities. Specifically, OMT is a con-
stant, involuntary eye movement, so its characteristics could 
provide insights into neurological functions without the need 
for extensive eye-tracking or cognitive tests that require rela-
tively intact ability to follow instructions (which is lost with 
neurodegeneration or neurological impairment). Based on 
the findings in this review, Table 3 highlights recommenda-
tions for future research into OMT.

Conclusion

This is the first review of OMT measurement that has shown 
that protocols vary between studies and that very few stud-
ies have examined clinical cohorts. OMT is a quantifiable 
involuntary eye tremor that can be measured with various 
technologies, with more recent devices being non-invasive. 
OMT is generally reduced in those under anesthesia, or 
with neurological conditions, and is absent in those with 
brain stem death. Further quantification of OMT is needed 
to determine the effect of specific clinical conditions on 
its frequency, and aid in the development of further OMT 
outcome measures. Moreover, further research on the clini-
cal validation of OMT is required to establish its potential 
to acceptably identify or predict a meaningful clinical or 

Table 3  Research 
recommendations

Research recommendations

Sample size needs to be justified and adequate for statistical analysis (i.e., > 30 per group)
OMT should ideally be collected via non-invasive methods
OMT measurement should be performed while sitting or lying down
OMT Frequency is the most reported outcome, so should be included in future studies
OMT measurement time needs to be reported (e.g., 5 s)
Both eyes should be tested for OMT, unless clinical condition does not allow this
Finally, to confirm the validity of OMT as a clinical measure, future research should assess reliability
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functional state, specifically regarding accuracy, precision, 
reliability, and validity of OMT.
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