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Purpose: To determine the normative characteristics of corneal subbasal nerves in different
age groups using laser scanning in vivo confocal microscopy (IVCM).

Patients and Methods: This descriptive observational study recruited healthy subjects
(aged 20-60 years) from Siriraj Health-Screening Center. Excluded were individuals who
had abnormal ocular symptoms, previous ocular surgery, a history of any diseases related to
systemic and/or corneal neuropathy, or abnormal corneal sensitivity. Corneal [IVCM (HRT3/
Rostock Corneal Module) was performed at the central cornea to analyze the subbasal nerve
plexus. The corneal nerve characteristics, comprising the number and density of nerves (main
nerve trunks, branches, and total nerves) were analyzed using the NeuronJ program, and the
corneal nerve tortuosity was graded. The correlations between the subbasal nerve density,
tortuosity and age were then analyzed.

Results: Eighty subjects were enrolled, with twenty in each of four age groups (20-30, >30—
40, >40-50, and >50-60 years). Overall, the mean number and density of main nerve trunks
were 27.93+0.81/mm? and 11.22+0.30 mm/mm?, respectively. As of the nerve branches, the
average number and density were 103.56+2.37/mm?> and 9.15+0.30 mm/mm?>, respectively.
The total nerve density was 20.37+0.39 mm/mm?®. There were no significant differences
between subbasal nerve parameters of the four age groups. It is noteworthy that 65% of the
subjects aged over 40 years revealed high-grade nerve tortuosity.

Conclusion: The corneal subbasal nerve numbers and densities were not significantly
different among a healthy population aged 20—60 years. However, there was a trend towards
high tortuosity of the corneal nerve in people aged over 40 years.

Keywords: in vivo confocal microscopy, IVCM, corneal subbasal nerves, normal

characteristics, age

Introduction

The cornea is considered the most innervated structure in the human body." Corneal
innervation, derived from the trigeminal nerve, plays an important role in the
maintenance of the anatomy and physiology of the cornea. An intact corneal
innervation results in a normal corneal sensitivity and blink reflex, which is
essential for the protective mechanism of the eye.' Moreover, all trophic functions
of the cornea and ocular surface, which include tear production, epithelial prolif-
eration, corneal wound healing and the remodeling process rely on the corneal
nerve supply.? Neurotrophic Keratopathy (NK), a well-known condition, is a para-
digm of corneal disease caused by an impairment of the trigeminal nerve that leads
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to corneal denervation.’ Debilitating corneal innervation
contributes to a decrease in corneal sensitivity and an
abnormal corneal repair process. In such a case, the ocular
surface integrity gradually degenerates along with a dete-
rioration in the restorative process. Ultimately, a persistent
corneal epithelial defect, progressive stromal thinning, and
corneal perforation may arise. Although the prevalence of
NK has not yet explicitly determined,* prolonged or severe
NK is a challenging and almost irretrievable condition,
posing a risk of corneal blindness. It is evidenced that
the two most common causes of NK are herpetic keratitis
and post-surgical damage of trigeminal nerve.* Other etiol-
ogies of NK can be attributed to a direct corneal nerve
injury (such as a trauma or burn), a severe corneal infec-
tion, keratorefractive surgery, and major corneal surgery
including transplantation.> Moreover, chronic-repetitive
corneal inflammation arising from contact lens use, recur-
rent corneal erosion, and dry eye>® also impair the corneal
subbasal nerves and eventually result in NK.

Recently, there have been extensive studies on NK.
Several publications have reported that not merely corneal
diseases, systemic diseases such as diabetes mellitus, mul-
tiple sclerosis, leprosy, vitamin A deficiency, amyloidosis,
and central nervous system related diseases could induce
neuropathic cornea.®®’ Since numerous ocular and sys-
temic diseases can instigate corneal denervation, this has
heightened the need for investigators to direct their efforts
to the search for a method to identify patients at risk of
NK, in order to prevent future sequelae. To date, the
standard diagnosis of NK has been based on clinical
information obtained from a patient’s history; general
physical exam; evidence of ocular manifestations that are
characteristic of NK;>* and the confirmation of low cor-
neal sensitivity, which is commonly tested with a Cochet-
Bonnet esthesiometer (Luneau Ophtalmologie, Chartres,
France).®’ In fact, the severity of NK varies with the
degree of subbasal nerve damage. Since the diminishment
of the nerves in the early stage of NK is minimal, clinical
changes are not detectable, and the corneal sensitivity
remains preserved. As the disease progressively worsens,
leading to a pronounced nerve decline, the clinical pre-
sentations of NK become distinct and a diagnosis can be
established. This was affirmed in a study by Hamrah et al.-
' They demonstrated that a decrease in corneal sensation
could be clinically detected by a Cochet-Bonnet esthesi-
ometer when the density of corneal subbasal nerves ana-
lyzed by a slit-scanning in vivo confocal microscope
decreased to less than 5.22 mm/mm?® (835um/frame)

whereas the normal nerve density of their healthy controls
was about 14.11 mm/mm?* (2258 4um/frame). Given that
the corneal nerves are invisible, a solely conventional
clinical approach is unable to quantify them and hence is
inadequate for the recognition of early or subclinical NK.

With many technological advances of the recent dec-
ades in the field of ophthalmology, a number of imaging
devices have come forth that enable advanced investiga-
tions, particularly by means of the visualization of ocular
structures at the cellular level. As a result, otherwise
invisible microstructural alterations are able to be exposed,
and the diagnosis and management of several ophthalmic
conditions are greatly supported by imaging systems. Of
those, in vivo confocal microscopy (IVCM) is crucial,
facilitating investigation of the cornea and ocular surface
diseases. Since corneal IVCM provides visualization of the

intracorneal cellular structures layer by layer,*'!!

a non-
invasive and real-time exploration of the entire cornea is
feasible.'® Extensive analyses have been made of a wide
variety of information acquired from IVCM, such as cor-
neal structural changes; subbasal nerve morphology and
density; and inflammatory reactions including some patho-
gens of infectious keratitis.®'*'*"'® The results of those
studies have assisted in the prompt diagnosis and timely
management of a range of diseases.

Given the importance and advantages of early recogni-
tion of corneal nerve alterations, the current research is
aimed to analyze the corneal subbasal nerves. The specific
goal was to determine the normal features of the nerves in
terms of their density and tortuosity in an adult-healthy
population, using in vivo laser scanning confocal micro-
scopy. Previous studies found no correlation between cor-
neal nerve density and age.'”'® Besides, ocular nerve
density had no effect on laterality.'”° On the other
hand, some researchers revealed a correlation between
corneal nerve density loss and age.'”' Therefore, we
anticipated that the results of this study, which we inten-
tionally screened from absolutely healthy subjects, limited
the age range of participants and compared with those of
age matched controls, can be generally applied as a stan-
dard baseline characteristic of corneal subbasal nerves to
distinguish otherwise invisible abnormalities or degenera-
tive nerve changes from normal nerve findings at each age.
In turn, this may support the diagnosis and/or prognostica-
tion of some subclinical NK-related conditions and expe-
dite the management of particular ocular and systemic

diseases.
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Materials and Methods

This observational, descriptive study was conducted in
accordance with the Declaration of Helsinki and initiated
after receiving approval from the Ethics Committee of the
Siriraj Institutional Review Board, Faculty of Medicine
Siriraj Hospital, Mahidol University, Thailand. The study
population was informed about the purpose of the study
and recruited from the Siriraj Health-Screening Center.
The subjects were aged 20—60 years and were healthy,
having no symptoms or signs of systemic diseases, no
diabetes, and normal general blood tests. Individuals
were invited to participate in the research if they did not
report any history of an eye and/or systemic condition that
could affect the corneal nerves (such as symptomatic dry
eye; corneal ulcer; corneal dystrophy; previous ocular
injury or surgery; glaucoma; current use of ocular medica-
tion; contact lens use; stroke; and central nervous system-
related diseases, including connective tissue diseases). The
subjects gave their written permission to participate.

Participants

All subjects underwent a complete eye examination using
a slit-lamp biomicroscope. Fluorescein staining and the
tear film breakup time test were performed to check the
ocular surface integrity and dryness. The corneal sensitiv-
ity was measured at the central cornea using a Cochet—
Bonnet esthesiometer (Luneau Ophthalmologie, Chartres,
France), following a standard technique.'® Only partici-
pants confirmed as having a normal eye examination with
normal corneal sensation (60 mm of Cochet—Bonnet esthe-
siometer) were sent for a corneal confocal microscopic
analysis; the remainder were excluded. The included sub-
jects were classified into four groups based on their age
(20-30, > 3040, > 40-50, and > 50-60 years).

IVCM Analysis

Laser scanning in vivo confocal microscopy (IVCM) was
performed bilaterally in all subjects using a Retina
Tomograph 3 machine with a Rostock Cornea Module
(HRT3/RCM,; Heidelberg GmbH.,
Heidelberg, Germany). Only one eye of each participant

Engineering

was subsequently randomly selected for analysis. The
confocal device provided 800x magnified images of the
scanned objects in real time. Each confocal image showed
a four pm axial resolution with a field of view of 400 um
by 400 um."* Before starting the corneal scan, a disposa-
ble,

sterile, polymethylmethacrylate cap (TomoCap;

Heidelberg Engineering GmbH., Heidelberg, Germany)
was filled with a lubricating carbomer gel (0.2% Vidisic
Gel; Bausch and Lomb, Berlin, Germany) and mounted to
the optics of the confocal microscope. The gel was also
applied on the subject-contact side of the TomoCap to
provide lubrication during the IVCM scan. Anesthetic
eye drops (0.5% tetracaine hydrochloride; Alcon, Texas,
USA) were instilled into both eyes of the subject. A soft-
daily contact lens was then applied to each eye to protect
the corneal surfaces, followed by an overlay of carbomer
gel to provide moisture and lubrication. After positioning
the subject’s head on the chin rest of the device, the
subject was requested to keep the eyes open and look
straight ahead during the one-minute examination of each
eye. An experienced technician identified the central area
of the cornea from outside and double-checked it by utiliz-
ing the digital camera screen mounted on the microscope.
The IVCM scanning was subsequently initiated by manu-
ally advancing the microscope optics (on which was
attached the TomoCap) until the subject’s eye was
touched. Multiple, full-thickness, corneal scans were per-
formed using the sequence-mode function of the confocal
device. The corneal subbasal nerve plexus, located
between the basal epithelial and Bowman’s layer, was
particularly focused. The five best-quality images of the
subbasal nerves were randomly selected as representative
images for later analysis. Two masked, independent obser-
vers (CC and ST) quantified the subbasal corneal nerves
using the semiautomated, nerve-tracing program, NeuronJ,
version 1.4.3, a plug-in for Image]J (http://rsb.info.nih.gov/

ij/http://rsb.info.nih.gov/ij/; http://www.imagescience.org/

meijering/software/neuronj/).>> The nerve parameters (the
numbers and densities of the main nerve trunks, nerve
branches, and total nerves) were recorded against each
subject’s age group. In addition, the tortuosity of the sub-
basal nerves was graded into five categories (0—4) in
accordance with the report of Oliviera-Soto et al.*
Lastly, the nerve parameters and tortuosity of the four
age groups were compared.

Statistical Analysis

Statistical analyses were performed with IBM SPSS
Statistics for Windows, version 23 (IBM Corp., Armonk,
N.Y., USA). The normality of the demographic data of the
subjects was analyzed using the Kolmogorov—Smirnov
test. The reliabilities of the nerve quantifications and tor-
tuosity gradings of the two independent observers were
evaluated using an intraclass correlation coefficient (ICC),
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Table | Demographic Data of 80 Healthy Subjects, Aged Between 20-60 Years

Age (Years) Total
20-30 > 30-40 > 40-50 > 50-60
Mean age (* SD) 24.85 + 245 3525+ 276 44.05 £ 2.78 54.90 + 2.77
Number 20 20 20 20 80
Male (mean age) 10 (24.3) 10 (34.5) 10 (43.5) 10 (54.5) 40
Female (mean age) 10 (25.4) 10 (36.0) 10 (44.6) 10 (55.3) 40
Laterality
Right eye 10 10 10 10 40
Left eye 10 10 10 10 40

Abbreviation: SD, Standard deviation.

for which an excellent correlation is deemed to be repre-
sented by an ICC > 0.75.%* Only the reliable nerve data
from the two observers were averaged and recorded as
mean and standard error of mean (SEM); the uneven
data were reevaluated until congruent outcomes were
achieved. The correlations between the subbasal nerve
densities, nerve tortuosities, and age were analyzed with
ANOVA and the Scheffe post hoc test. P-values less than
0.05 were considered to be statistically significant. The
sample size was calculated based on published reports of
subbasal nerve analyses for other ethnicities, and at least

76 eyes were requisite for a valid analysis.*> >’

Results

Eighty eyes of 80 healthy subjects from Siriraj Health-
Screening Center were enrolled. Their demographics
showed a normal distribution; there were 20 participants
in each age group, with an equal number of males and
females (Table 1). The corneal nerve parameters (number
and density of main nerve trunks, nerve branches, and total
nerves) and the tortuosity analyzed by the two observers
were compared. The validity of their data was checked via
the ICC: it was found to be excellent (ICC = 0.83). The
parameters were then averaged and recorded. The overall
number of the main nerve trunks, nerve branches, and total
nerves were 4.47 + 0.13/frame (27.93 £ 0.81/mm?), 16.57
+ 0.38/frame (103.56 + 2.37/mm?), and 21.04 + 0.82/
frame (131.50 + 5.12/mm?), respectively. Meanwhile, the
density of the main nerve trunks, nerve branches, and total
nerves were 11.22 + 0.30 mm/mmz, 9.15+£0.30 mm/mmz,
and 20.37 = 0.39 mm/mm?, respectively. There was no
statistically significant difference between the numbers
and densities of the subbasal nerves of the population
aged 20-60 years (all p > 0.05; Table 2). Regarding the

tortuosity of the corneal nerves, the overall nerve tortuos-
ity was grade 2.54. The majority of the subjects aged
20-40 years showed a low-grade tortuosity (< grade 2).
In contrast, nerve tortuosity increased among subjects aged
over 40 years (Table 3 and Figure 1). However, there was
no statistically significant difference in the nerve tortuosity
of all subjects. No correlations between subbasal nerve
density, tortuosity, and age (range: 20-60 years) were
found (p > 0.05).

Discussion

This study used laser in vivo confocal microscopy to
analyze the corneal subbasal nerve characteristics of a
healthy population aged 20-60 years. The results revealed
no significant differences in the subbasal nerve densities
and tortuosity of the subjects in this age range. However,
most of the individuals aged over 40 years demonstrated a
higher degree of tortuosity of their corneal nerves than the
younger ones. No significant correlations between subba-
sal nerve density, nerve tortuosity, and age were
established.

The advent of the in vivo analysis of corneal microstruc-
tures that has resulted from advances in the technology of
confocal microscopy has produced a wealth of informative
data on normal and pathological corneas. The subbasal nerve
plexus is one of the most distinct structures demonstrated by
corneal IVCM. As a result, it has been widely studied, yield-
ing an immense comprehension of corneal innervation. The
confocal analysis of the subbasal nerves has gained consider-
able interest from investigators given that the relationship
between corneal innervation and several diseases is increas-
ingly being revealed.”®*® As to corneal diseases, [IVCM is the
mainstay tool for detecting changes in the corneal nerves in
patients with NK, thereby facilitating the early diagnosis of
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Table 2 Corneal Subbasal Nerve Parameters of 80 Healthy Subjects, Classified into 4 Age Groups

Age (Years) Total
20-30 >30-40 >40-50 >50-60
Number of nerves
Main trunks (No./frame) 4.58 + 0.24 4.04 £ 0.27 471 £0.18 4.53 £ 0.31 447 £ 0.13
Main trunks (No./mm?) 28.62 + 1.50 25.25 + 1.68 2943 £ 1.12 2831 £ 1.93 27.93 £ 0.81
Nerve branches (No./frame) 14.75 + 0.47 15.93 £ 0.75 19.36 + 0.80 16.53 £ 0.93 16.57 + 0.38
Nerve branches (No./mm?) 92.18 + 2.93 99.56 + 4.68 121.00 = 1.33 103.31 £ 5.81 103.56 * 2.37
Total nerves (No./frame) 19.33 = 1.09 19.97 + 1.8I 24.07 + 1.94 21.06 £ 1.65 21.04 £ 0.82
Total nerves (No./mm?) 120.81 + 6.81 12481 = [1.31 15043 + 12.12 131.62 £ 10.31 1315 £ 5.12
Density of nerves
Main nerves (mm/mm?) 11.35 £ 0.6l 10.19 = 0.69 11.89 + 0.38 11.44 £ 0.66 11.22 £ 0.30
Nerve branches (mm/mm?) 9.00 + 0.39 8.95 £ 0.60 9.67 £ 0.77 9.00 £ 0.66 9.15 £ 0.30
Total nerves (mm/mm?) 20.35 + 0.69 19.14 £ 0.90 21.56 + 0.83 20.44 £ 0.64 20.37 £ 0.39

Notes: Values are presented as mean * standard error of mean (SEM). Independent t-test was performed to analyze the difference of subbasal nerve number and density
between the age groups. Statistical significance when p < 0.05 compared between the age groups; all p >0.05.

Table 3 Grading of Corneal Subbasal Nerve Tortuosity of 80 Healthy Subjects, Classified into 4 Age Groups

Grading of Nerve Tortuosity Age (Years) Total
20-30 > 30-40 > 40-50 > 50-60

Grade 0 - - - - -

Grade | 4 4 | 2 I

Grade 2 10 I 7 4 32

Grade 3 3 4 8 5 20

Grade 4 2 2 5 8 17

Notes: The tortuosity of corneal subbasal nerves was graded in accordance with the classification proposed by Oliviera-Soto et al.

NK, the determination of a prognosis, and the evaluation of
the efficacy of treatment.”’ Bilateral corneal nerve loss in
patients with unilateral herpes zoster ophthalmicus and
herpes simplex keratitis is also uncovered with IVCM,*% 2
as are the cases with other forms of infectious keratitis.>***
Moreover, altered corneal nerve parameters have been found
in several conditions of ocular surface diseases, such as
dry eye 3
gland dysfunction,®® vernal keratoconjunctivitis,”” and recur-

limbal stem cell deficiency,’ meibomian
rent corneal erosion.*® Beyond the eye, a link between cor-
neal innervation and the central regulation of the nervous
system has also been proposed, thereby offering a possible
pathophysiological cause of the pain experienced by patients
with corneal allodynia.*' As for systemic conditions, a num-
ber of published studies have shown the relevance of the
pathological changes in systemic neuropathy-related diseases
to corneal nerve alterations.*> Tt therefore appears likely
that many more disclosures can be expected from future
research.

Up to present, three main IVCM devices have been
used in clinical practice: the tandem scanning confocal
microscope (TSCM), the slit-scanning confocal micro-
scope (SSCM), and the laser scanning confocal micro-
scope (LSCM)."**" Although the TSCM is no longer
produced, the latter two remain commercially available
and are more widely used. The properties of the SSCM
differ entirely from those of the LSCM, resulting in dis-
similar advantages and disadvantages.*® Generally, the
SSCM is considered user-friendly as it can be conveni-
ently operated in either an automatic or semi-automatic
mode to quickly achieve 500x confocal images of scanned
objects with 26 pm axial resolution.*” The device uses a
halogen lamp as the light source, which provides a broad
beam and adjustable brightness during corneal scanning.
With this slightly wide field of illumination, the SSCM
induces the magnitude of the backscattering of the pro-
jected light when it hits the intracorneal structures, espe-
cially the opaque areas. Because the image resolution is
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Figure | The bar graph demonstrates the patterns of corneal subbasal nerve tortuosity in different age groups.

somewhat degraded by the adjacent light scattering, the
confocal images derived from an SSCM may lose their
contrast and sharpness. As to the LSCM, although it can
be operated manually or semiautomatically, more compli-
cated techniques need to be used than with the SSCM. The
LSCM employs the tiny beam of a 670 nm laser as its light
source; while this raises a concern about the theoretical
possibility of epithelial injury, no instances have yet been
reported.” Given that the high-intensity light beam illumi-
nates a relatively small scanning area, the confocal images
of the cornea provided by the LSCM have a higher resolu-
tion with lower interference from the surrounding back-
scattered light compared to images obtained from the
SSCM. The latest version of the LSCM (Heidelberg
Retina Tomograph 3 with Rostock Cornea Module
[HRT3/RCM], Heidelberg GmbH.,
Heidelberg, Germany) can produce high-contrast, 800x

Engineering

images of scanned objects with a 5—7 pm axial resolution.-
249 Although both the SSCM and LSCM share the same
principles of confocal-imaging devices, the dissimilarities
between the two IVCM systems contribute to evident
differences in the quality of their confocal images
(Figure 2). Accordingly, the quantified analyses of intra-
corneal cells and/or structures obtained from different
confocal technologies are neither comparable nor
interchangeable.

In vivo confocal analysis of the corneal subbasal
nerves essentially refers to the study of nerve density and

morphology. In clinical practice, acquiring normative data

of corneal nerve characteristics via a standard IVCM ana-
lysis is a prerequisite for establishing a baseline to be later
compared with the nerve findings detected in various dis-
eases. Previous studies have shown varying densities of
normal subbasal nerve plexus using different types of
IVCM conducted in diverse ethnic populations.?**° Only
the densities derived from research employing LSCMs
were close to our results, and the densities were higher
than those obtained by the studies using SSCMs and
TSCMs. This is not surprising as LSCMs provide a better
image contrast and resolution than the other two systems,
thereby allowing nerve fibers to be more easily visualized
and quantified than with the alternative IVCM devices.
Nowadays, the IVCM nerve analysis has been popu-
larly performed using both fully automated (such as
ACCMetrics®' and deepNerve metrics®®) and semiauto-
mated technique (such as NeuronlJ, which we used in the
current study). Although the fully automated software
seems to be more advantageous in terms of speed, objec-
tivity, and consistency over the semiautomated ones. Fully
automated metrics are not acquired and implemented for a
real practice in most of the centers. Moreover, there were
several IVCM studies affirmed that there was no differ-
ence of subbasal nerve analysis between manual, semiau-
tomated and fully automated methods.'>>'** Therefore,
we facilitated the nerve analysis for general application
by owing the more available semiautomated program.
Furthermore, we tried to minimize the inter-rater variabil-
ity of the analysis by performing ICC of the two raters
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Figure 2 Confocal images of corneal subbasal nerves obtained from 2 types of confocal microscope: (A) Laser scanning confocal microscope (LSCM) and (B) Slit-scanning

confocal microscope (SSCM).

before performing the actual data analysis. We set the
threshold of ICC at 0.75 as the higher value than this
was considered an excellent agreement between raters.*
Fortunately, our two raters achieved the ICC value of 0.83.

In the current study, we did not find any significant
differences in the subbasal nerve densities of the four
age groups, and consistent with some earlier reports,
no correlation between corneal nerve density and age
was observed.'”'®4%33:3% However, some investigators
have revealed contradictory results as they identified
that significant nerve loss was related to increasing
age.!?721:23:9%:3¢ These studies included subjects older
than the age of 60, which was beyond the range of our
study group. The rationale that we recruited subjects
under 60 years old was to analyze the normal nerve
characteristics and to preclude the results of nerve
analysis affected from degenerative changes in the
elderly. Since Parissi et al'’ and Dehghani et al'®
have reported a gradual nerve decline with age in
their series.

The discordance between the results of the studies might
also reflect the differences in the following areas: the [IVCM
systems utilized; the nerve quantification methods employed,;
the exact location of the subbasal nerve analysis; and the age
ranges of the subjects, which were entirely inconsistent
across the studies. In the case of the present study, we took
several actions to standardize the data. At the outset, all
included subjects were proven to be healthy by undergoing

blood screening tests and completing an eye examination to
rule out any concealed causes of nerve deterioration. In
addition, the sample size was made sufficiently large for
analysis purposes, and the number of subjects was equal in
each age group. Moreover, the distribution of the subjects’
ages in each subgroup was verified with a normality test. This
allowed us to develop a good perspective of the nerve char-
acteristics of both the overall study cohort as well as the
specific age groups. Furthermore, an LSCM was chosen to
ensure that there would be favorable visualization of the
subbasal nerves and accurate nerve quantification. Lastly,
before reporting the outcomes, the reliability of the results
obtained from the two experienced observers was verified,;
with an ICC value of 0.83, it was deemed to be excellent.
Regarding the evaluation of nerve tortuosity, we followed a
manual classification system described by Oliveira-Soto et al.*
In fact, several publications have proposed distinct methodol-
ogies for the assessment of the tortuosity of subbasal nerves.”’
% Unfortunately, most of those methods need sophisticated
software and can only be performed in some specific centers.
Therefore, we pursued a practical method that can be conve-
niently applied in general practice. Our results revealed that the
overall nerve tortuosity of a healthy population was grade 2.54,
which was higher than the results of other reports.>**®! This
can be explained by the variances in the techniques for nerve
morphology evaluation and in the different confocal-scanning
areas of the studies, which could not be definitely identified.
Misra et al demonstrated a high tortuosity of subbasal nerves
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configurated in a whorl pattern and located slightly infero-
centrally of the cornea.*® However, this did not affect the
density of the subbasal nerves as the amount of nerves in the
central cornea has been demonstrated by another study to be
equal to that in the midcentral region.®” Furthermore, we
noticed a trend towards a rise in nerve tortuosity in the two
oldest age groups relative to the younger groups, but there was
no statistically significant correlation between nerve tortuosity
and age. It is presumed that there might be some degree of
degenerative change influencing this alteration but not enough
to affect subbasal nerve density in people aged over 40 years.
Some limitations of this study were 1) we assumed that the
findings from the central cornea could be extrapolated to
represent the whole of the corneal subbasal nerves. The results
would, of course, be more accurate if the subbasal nerves
throughout the entire cornea were analyzed; 2) in the present
study, only Thai ethnicity was included. The invariable ethni-
city allowed in the study should be taken into consideration
when the results would be applied in clinical practice.
However, a previous study demonstrated that there was no
significant difference of subbasal nerve density between ethnic
groups when employing a similar confocal technique.'' and 3)
the present study did not include subjects older than the age of
60 as being aware of the effect of degenerative change.
Therefore, our results were not exactly in unison with other

studies due to the difference of participants’ age range.

Conclusion

This study analyzes the characteristics of corneal subbasal
nerve of an adult healthy population, using laser in vivo con-
focal microscopy. We did not find any significant differences in
the subbasal nerve densities and tortuosities of the subjects,
who were aged 2060 years. However, the tortuosity of the
corneal nerves seems to increase in people aged over 40 years.
A definite correlation between subbasal nerve density, nerve
tortuosity, and age was not determined. With its carefully
considered study design, the results of the corneal subbasal
nerve analysis in the present research can be justifiably used as
primary references and compared with corneal nerve findings

in patients with diseases related to corneal nerve alterations.
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