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Abstract

Background
To investigate the morphological features of corneal subbasal nerve plexus (CSNP) and Langerhans cells (LCs) in
normal tension glaucoma (NTG) and primary open angle glaucoma (POAG)

Methods
Ten eyes with NTG (8 untreated), 23 eyes with POAG (9 untreated) and 31 eyes of healthy subjects were recruited.
CSNP and LCs were assessed by corneal confocal microscopy (CCM) and peripapillary retinal nerve �ber layer
(RNFL) was measured with optical coherence tomography (OCT). CCM parameters including nerve �ber length
(FL), branch number (BN), nerve width (NW), nerve re�ectivity (NR), total and local nerve tortuosity (NT) as well as
type 1 and type 2 LCs were compared across all groups, as well as between the topical medication treated and the
nontreated patients.

Results
The NTG had the longest FL(3494.60 ± 523.01), most BN(19.78 ± 5.56), thinnest NW(2.96 ± 1.20), lowest
re�ectivity (143.03 ± 14.01) and most tortuosity (1.09 ± 0.07) compared with POAG and the normal. The POAG
had similar CSNP to the normal. Same results were also found in untreated NTG and untreated POAG. Untreated
NTG (3/8), untreated POAG(3/9) and treated POAG (7/14) had signi�cantly more type 2 LCs than the normal
(3/31). The treated POAG had longer FL (3240.71 ± 627.81), more BN(19.04 ± 4.58), NW(3.66 ± 0.54), NR(154.65 ± 
13.95), more NT(1.07 ± 0.03) than the nontreated but with no signi�cant difference. BN had signi�cant
correlations with RNFL thickness in both NTG and POAG groups.

Conclusions
The NTG had characteristic CSNP quite different from that in the POAG and the normal, while the latter two
shared more morphological features. The CCM parameters had associations with the RNFL thickness. Untreated
glaucoma patients had obvious immature LCs indicating their relationship to ocular surface in�ammation.

Background
Primary open angle glaucoma (POAG) is a multifactorial optic neuropathy, characterized by progressive thinning
of retinal nerve �ber layer (RNFL) and peculiar visual �eld defect which could cause irreversible blindness1. Nearly
67 million people have the disease worldwide and the population is estimated to increase to 112 million by 20401,

2. Elevated intraocular pressure (IOP) is a prominent risk factor for POAG progression and is the main target for
treatment3. Accumulative exposure to high IOP impairs retinal ganglion cells (RGC) whose axons constitute the
RNFL and optic projection to the brain4.

However, POAG’s association with IOP is not exclusive. A large number of POAG patients have an IOP within
normal range and are categorized as normal tension glaucoma (NTG)5. NTG is a subtype of POAG manifesting
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RNFL defect and an open anterior chamber angle. NTG is more prevalent among Asian populations and its
epidemiology varies6. Since its pressure-independent feature and unique disease course, a controversy exists that
whether it should be regarded as a disease within POAG spectrum or as a distinctive disease7. The presence of
typical glaucomatous optic nerve damage in NTG but with no clinical evidence of elevated IOP indicate other risk
factors such as hemodynamic insu�ciency8–10 and immunologic factors11.

Amid all of these efforts for exploring NTG pathomechanisms, diffuse brain damage in NTG has been noticed in
recent decade12. A high coincidence between NTG and progressive sensorineural hearing loss as well as an
association of NTG and dysgeusia have also been reported13, 14. Neurodegenerative changes beyond retina and
optic nerve head suggest a possible pathogenesis of IOP-independent primary neural alterations in NTG.

However, most of the knowledge about NTG neuropathy beyond the eyeball has been derived from nerve
functional analysis. Structural observation is limited due to the invisible features of these nerves in vivo. The
transparent nature of cornea allows morphologic evaluation of the corneal nerves in vivo by the means of corneal
confocal microscopy (CCM). The cornea is densely innervated by the ophthalmic division of the �fth cranial
nerve, the trigeminal nerve. The corneal subbasal nerve �ber plexus (CSNP) which lies between basal epithelium
and Bowman’s membrane is the ending branch of ophthalmic nerve and shares the characteristics of small �ber
nerves. The CSNP can be well studied by CCM and its degeneration has been discovered in many systemic
neurodegenerative diseases such as Parkinson's disease, amyotrophic lateral sclerosis and diabetic peripheral
neuropathy where CSNP alteration was associated with other nerve system degeneration15–19. The visibility of
CSNP by CCM has gained growing popularity in researches as a disease severity predictor for the neurological
disorders.

With CCM, we examined the CSNP and Langerhans cells (LCs) of NTG and POAG patients (with elevated IOP) and
compared the structural changes of corneal nerves and then we explored the correlations between these
anatomic alterations of corneal nerves and the glaucomatous changes of RNFL which is the most widely used
parameter in clinical for measuring glaucoma progression. This study may add new knowledge to the current
understanding of POAG and NTG neuropathy.

Methods
This prospective observational study consecutively recruited 33 eyes of 22 glaucoma patients (10 eyes with NTG,
23 eyes with POAG) seen in the Ophthalmology department of Peking University Third Hospital, Beijing, China
from June 2017 to December 2017. Fourteen eyes of the POAG were under one to two kinds of antiglaucoma
topical medication and the rest nine were newly diagnosed without treatment of any eye drops. In particular, eight
eyes of the NTG were newly diagnosed and untreated with any topical drugs. Two eyes were under one to two
kinds of antiglaucoma topical medication. The POAG and NTG were diagnosed by Glaucoma specialists. The
diagnosis for POAG was based on the characteristic glaucomatous optic neuropathy, two reliable visual �eld
tests with repeatable glaucomatous defect, open angle on gonioscopy and IOP more than 21 mmHg on two
consecutive visits using a Goldman applanation tonometer. The diagnosis for NTG was based on same criteria
with IOP lower than 21 mmHg. Inclusion criteria were: more than 18 years old, diagnosis of POAG or NTG, willing
to participate and being able to �nish the CCM examination. Exclusion criteria were: secondary open angle
glaucoma, angle closure, any corneal diseases like in�ammation, leucoma and pterygium, any retinal diseases
like retinal atrophy, bleeding or edema, .and Diabetes and other central neurologic disorders (Parkinson's disease,
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amyotrophic lateral sclerosis et al) with known corneal nerve alterations. Thirty-one eyes of 18 healthy control
subjects who presented at the hospital for routine examination were enrolled as control group. The control group
had no eye diseases other than low refractive error (myopia lower than 2D and astigmatism lower than 1D), and
with ages more than 18 years old. Written consent was obtained from all participants, and the study was
approved by the Ethical Committee of Peking University Third hospital. Investigations were conducted in
accordance with the tenets of the Declaration of Helsinki.

All participants underwent a complete ophthalmic examination including a detailed slit lamp evaluation of the
anterior segment, retinoscopy, CCM (Heidelberg Retina Tomograph  Rostock Cornea Module, Heidelberg,
Germany) and OCT (Zeiss Cirrus HD-OCT, Model 4000, Carl Zeiss Meditec, Inc.).

Following previously published procedures, CSNP around the central cornea was scanned with CCM at the depth
of 35–50 µm using the sequence mode and the working area of 400 × 400 µm. Each eye was anesthetized by
0.4% Oxybuprocaine drops before examination and during the procedure the participants were asked to keep
sitting position and �xate on a target light to assure scanning central corneas. A disposable sterile cap was set on
the objective lens and ophthalmic gel was applied as a coupling medium between the lens cap and the cornea. At
least 10 images of CSNP were obtained for each subject and 3–5 high quality images with no overlapping were
selected for analysis. The scans were all performed by one experienced operator masked for patient’s history and
grouping20.

The CSNP was quantitatively analyzed using Neuron J software (an image J plugin, available online at image
J.net). The assessment included: corneal nerve �ber length (FL), branch number (BN), corneal nerve �ber width
(FW),corneal nerve �ber re�ectivity(FR), nerve tortuosity (NT) and the existence of type 1, type 2 and total LCs. The
nerve FL was de�ned as the total length of all nerve �bers and branches per image. Nerve BN was de�ned as the
total number of branches emanating from major nerve trunks per image. Nerve FW was the width of the major
nerve trunk calculated as a mean of 9 measurements for each image. Nerve FR was the average brightness of the
nerve �ber per image which could be automatically acquired by the software. NT was measured by two methods.
Local NT was de�ned as the local angle the nerve trunk formed and was calculated as the average of 9
measurements for each image. Total NT was de�ned as the ratio of the nerve trunk length to the straight distance
between the two ends of it which indicated the bending of the nerve, and was also calculated as the average of 3
measurements for each image. The identi�cation of type 1, type 2 and total LCs was recorded. According to
previous descriptions, the type 1 LC was LCs with elongations and type 2 LC as round cells lacking dendrites21.
Each parameter was a mean value of all 3–5 images selected for every eye.

Peripapillary RNFL thickness was measured for the POAG, NTG and normal by OCT. Optic nerve head was
scanned to determine the RNFL thickness map. The temporal, superior, nasal and inferior quadrants of
peripapillary RNFL were analyzed.

Statistical analysis was carried out using SPSS ( Statistical Package for Social Sciences) Windows version 20.0.
Data were presented as mean ± SD. The differences among the three groups were tested with analysis of variance
(ANOVA) for age and with Chisquare for sex. Differences in opthalmological measures (FL, NB, NW, NR and NT)
between two groups were assessed with independent-samples T Test. Chisquare was used for LCs analysis. The
correlations of CSNP parameters with RNFL thickness in all three groups and with medication duration in the
POAG group were evaluated using Pearson correlation coe�cient. The p value less than 0.05 was considered
statistically signi�cant.
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Results
Patients characteristics

The demographic data and clinical characteristics of all participants are presented in Table 1. There were no
signi�cant differences in mean age and gender distribution among the NTG, POAG and normal groups (P = 0.375
for age and P = 0.212 for gender). Nine eyes of POAG and eight eyes of NTG were newly diagnosed and had not
started medicine treatment when enrolled, and they did not have signi�cant difference in age and gender
distribution either (P = 0.485 for age and P = 0.707 for gender). Neither did the POAG patients with and without
treatment (P = 0.544 for age and P = 0.907 for gender). The medication time for the POAG patients (prostaglandin
analogs only or combined with beta-blockers) ranged from 1 to 50 months with the average of 17.86 ± 16.66
months.

Comparison of the CCM parameters of CSNP and LCs among the POAG, the NTG and the normal

Firstly, we analyzed all patients including treated and untreated as well as the healthy subjects. The NTG group
had the longest nerve FL of 3494.60 ± 523.01 µm while it was 3156.79 ± 643.92 µm in the POAG and 3223.78 ± 
617.06 µm in the normal. However, no signi�cant difference was identi�ed in the value of nerve FL among the
three groups (Table 2). NTG also had the most BN (19.78 ± 5.56), and both POAG (17.55 ± 5.62) and NTG groups
had more nerve BN than the normal (13.38 ± 5.44) with the P values of 0.008 and 0.003 respectively. The NTG
group had the thinnest FW of 2.96 ± 1.20 µm and the POAG group had the thickest of 3.65 ± 0.69 µm. The
difference between the two groups was signi�cant (p = 0.043). The POAG had the highest FR of 153.09 ± 14.12,
much brighter than the NTG (143.03 ± 14.01) and the normal (143.91 ± 15.91) (p = 0.069, and p = 0.033
respectively). The NTG had the highest total NT (1.09 ± 0.07) and the lowest local NT (125.10 ± 11.15) indicating
the most bending and tortuous trend of the corneal nerve in the NTG. The normal subjects had the lowest total NT
(1.06 ± 0.03) and the highest local NT (132.07 ± 11.00) suggesting a relatively straight direction of the nerve. The
total and local NT of POAG (1.07 ± 0.03 and 130.56 ± 13.03) were in the middle of the NTG and the control (Table
2).

It showed no difference among three groups as for total LC, neither for the type 1 LC which was the mature form
of the cell. However, type 2 LC existed in more POAG and NTG patients than in the control and the differences
were signi�cant (p = 0.024, p = 0.027 respectively).

Secondly, we analyzed each CNSP parameters between the untreated NTG and untreated POAG patients (both
marked with m-) to exclude the potential impact of antiglaucoma eye drops.

The NTG m- group had the longest nerve FL of all three groups with a length of 3646.10 ± 457.09 µm, while it was
3026.25 ± 684.28 µm in the POAG m- and 3223.78 ± 617.06 µm in the normal. The differences were 0.047and
0.079 respectively. NTG m- group also had more BN (20.75 ± 5.86) than the other two groups, and the P values
were 0.089 and 0.002 for POAG m- and the control respectively. The NTG m- had the thinnest FW of 2.52 ± 
0.81 µm (p = 0.007 and p = 0.018 for the control and POAG m- respectively). The NTG m- had the lowest NR of
139.50 ± 13.30 while it was 143.91 ± 15.91 for the normal and 150.70 ± 14.89 for the POAG m-, but the difference
was not signi�cant among the three. Though POAG m- group had more BN, NW and NR than the normal the
difference was not signi�cant. The NTG m- had the highest total NT (1.10 ± 0.07) and the lowest local NT (121.56 
± 9.35) also suggesting a tortuous feature. The POAG m- showed similar NT to the control (Table 3).
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The POAG m- and the NTG m- patients had more type 2 LC than the control (p = 0.08, p = 0.052 respectively). The
NTG m- also showed more type 1 LC and total LC and the difference was signi�cant when compared with the
POAG m- (p = 0.03 and p = 0.024 respectively).

From the above results, the CSNP of NTG group no matter with or without medication could be described as thin
and tortuous nerves with many branches and lower re�ectivity. The POAG no matter with or without medication
had CSNP more similar to that of the control with higher nerve re�ectivity, wider nerve width, less nerve length,
and less nerve branches and had a more straight trend than the NTG. Both the NTG and POAG patients had more
type 2 LC than the normal (Fig. 1).

Comparison of CCM parameters of CSNP and LCs in treated and untreated POAG

We analyzed each CSNP parameters between the treated (marked as m+) and untreated (marked as m-) eyes in
POAG group. Both POAG m + and m- patients had more nerve branches, wider nerve width, higher re�ectivity than
the control. However, the difference between POAG m- and the control group did not reach statistical signi�cance
(Table 2). The difference between POAG m + and the control was signi�cant for BN and NR (p = 0.002, p = 0.036
respectively). Though POAG m + had longer nerve FL, more BN, FW, FR, more nerve tortuosity than POAG m-, the
difference was not signi�cant (Table 2).

POAG m + and POAG m- had more type2 LC than the control (p = 0.034 and p = 0.08 respectively), but the type 1
and total LC had no signi�cant difference among three groups.

Correlation between CCM parameters and medication duration in the POAG

The correlation between each CCM parameters and the duration of anti-glaucoma medicine treatment in the
POAG patients was analyzed and no signi�cant association could be seen (Table 3).

Correlation analysis between CCM parameters and OCT �ndings in the POAG, the NTG and the normal

The correlation of peripapillary RNFL thickness and the corneal nerve parameters were analyzed in the POAG,
NTG and the normal groups.

In POAG group, the nerve FL was associated with the superior quadrant of RNFL thickness (r = 0.547, p = 0.043).
Both the superior and nasal quadrants of RNFL thickness were statistically correlated with nerve BN. (nasal: r = 
0.568, P = 0.034; superior: r = 0.535, P = 0.049). The brightness of nerve FR had signi�cant correlations with all but
the nasal quadrant of RNFL thickness (Table 4). The nerve FW and NT were not associated with the thickness of
peripapillary RNFL. Neither was the LC existence.

All but the temporal quadrants of RNFL thickness were statistically correlated with nerve BN in the NTG (Table 4).
The total NT had signi�cant correlation with the inferior and the nasal quadrants (inferior: r=-0.829, p = 0.042;
nasal: r=-0.972, r = 0.001). The type 2 LC existence was associated with the superior quadrant of peripapillary
RNFL thickness (r=-0.878, p = 0.021).

None but the inferior quadrants of RNFL thickness was statistically correlated with NR in the control (Table 4). No
other correlations were identi�ed.

Discussion
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NTG has challenged the traditional pathophysiological viewpoints of glaucoma ever since it was recognized in
190022. Occurring of retinal nerve �bers thinning and optic nerve atrophy in the absence of elevated IOP aroused
a presumption that NTG could be classi�ed as a disease of the neural system as well as the eye23. Evidence has
shown a close pathogenetic link between NTG and degenerative diseases of central neural system such as
Parkinson's disease and Alzheimer’s disease24, 25. The characteristic morphology of corneal nerves found in NTG
patients in our research which was quite different from the features seen in the POAG and the control provided
additional information to NTG’s peripheral neural alterations.

CSNP is a good representative of peripheral small nerve �ber26. Thanks to the transparent and richly innervated
nature of the cornea, images of CSNP noninvasively captured by in vivo CCM is now widely used in studies
regarding neuropathy. The corneal nerve �ber length and nerve branches which are the two most commonly used
CCM parameters have been reported to be associated with disease severity in some neural disorders such as
diabetic neuropathy, Parkinson's disease and multiple sclerosis 27–29. Evolving evidence suggests that the corneal
nerve network might re�ect the peripheral and central neurodegeneration. The corneal nerve in POAG and NTG is
rarely studied though both central and peripheral nerve damage in POAG and NTG have been reported.

The results of our research present some morphological characteristics of CSNP in NTG and POAG and an
obvious difference could be seen. The NTG group showed thin and tortuous corneal nerves with more branches
and lower re�ectivity, while the corneal nerve in the POAG was wider and brighter with less nerve length and less
nerve branches. The POAG and the normal group had similar NT which was straighter than the NTG. To exclude
the potential impact of antiglaucoma eye drops, we also analyzed the newly diagnosed POAG and NTG patients
who had not received topical medication treatment, and the results were the same as above. This provided
another supportive information that NTG might be a different disease entity from POAG.

Giorgio A and his colleagues 30 reported neurodegenerative �ndings across brain in NTG and similar but more
severe changes in POAG. They suggested that glaucoma had degeneration in central nerve system that were
partly independent of intraocular pressure and raised intraocular pressure in POAG represented a worsening
factor for brain abnormalities. In terms of peripheral nerves, our �ndings indicated that the corneal nerve
parameters of POAG lay in the middle between NTG and normal and were more similar to the normal especially in
untreated POAG. Ranno S and colleagues also found similar corneal confocal �ndings between normal subjects
and untreated POAG glaucoma patients and concluded that their untreated glaucoma patients and controls had
similar corneal parameters31. However, Ranno S found signi�cant difference between treated and untreated
POAG in corneal nerves morphology which is contrary to our �ndings. We found no difference in CCM parameters
between treated and untreated POAG. The explanation might be that in Ranno’s research patients should use the
antiglaucoma eye drops for at least 2 years but in our research the medication duration is much less. Long-
standing medical glaucoma treatment may cause corneal nerve alteration32. More participants should be
included for further con�rmation.

Would the speci�c nerve pattern of NTG shown in our research indicate a primary corneal nerve alteration which
was independent of intraocular pressure? Corneal biomechanics and central corneal thickness were analyzed in
NTG but few investigations have been made on corneal nerve in NTG.33, 34. A whorl-like corneal subbasal nerve
plexus in normal eyes was depicted by Utsunomiya T’s report which was in the inferocentral area of the cornea 27.
However, the tortuosity observed in our NTG patients was not whorl like (Fig. 1) but a zigzag pattern and the area
we examined was in the center instead of the inferocenter. So the winding nerves seen in our result was not
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because of incorrect location nor a shift of nerve distribution. It was more likely a primary alteration and thus
supported the hypothesis that NTG is a primary degenerative neuropathy independent of IOP.

Both the NTG and POAG in our research had more type 2 LC than the normal. The type 2 LCs existed rarely in the
normal (3/31), but more common in POAG (untreated 3/9, treated 7/14)and NTG (untreated 3/8) patients though
the difference between the normal and untreated POAG/NTG did not reach signi�cance (p = 0.08, and p = 0.052
for POAG m- and NTG m- respectively, p = 0.034 for POAG m+). LCs are antigen-presenting cells residing
exclusively in the corneal epithelium in the vicinity of corneal subbasal nerves and can be identi�ed as bright,
mostly oval or elongated particles with a diameter of up to15µm35. LCs are crucial for immune responses and
modulations. According to a previous description, Type 2 LC which lacks the processes is the immature form36.
The elevation of type 2 LCs in POAG and NTG might indicate a persistent migration and maturation of this
immune cells. Marsovszky L 36 analyzed the antihypertention topical medications containing two different
preservatives and found LC densities were greater in both glaucoma groups compared to control subjects. He
then concluded a detrimental effect of the preservatives to the cornea. However, the author did not analyze
untreated POAG and no previous confocal assessment was made on corneal LCs of untreated glaucoma
patients. The possibility still exists that the gathering of LCs in both POAG and NTG is due to the disease itself
(e.g. an immunologic process) and the drug exacerbated it. Signi�cant difference between normal and the treated
POAG and signi�cant increase of type 2 LC were spotted when both treated and nontreated patients were
included in the comparison indicating the topical medication exerted a worsening impact. Type 1 LCs and total
LCs showed difference among the groups without statistical signi�cance which might be due to small number of
subjects. More participants would be investigated in further study.

What is the interference of the topical antihypertension medication to the corneal nerve indeed? Ranno S
compared nontreated POAG patients and those on medical treatment for at least two years and came up with a
result that both corneal nerve tortuosity and re�ectivity in treated patients were lower than in nontreated
patients31. Martone G found a decrease of CSNP number and an increase of nerve tortuosity in medication
treated POAG compared with the normal37. Our research showed a longer FL, more BN, wider NW, higher NR, more
tortuosity and more LCs in treated POAG than untreated patients but the difference was not signi�cant. And no
signi�cant correlation was found between medication time and the CCM parameters. Here raised another
question, would these nerve alterations shown in the treated patients be attributed to the disease progress, the
severity of the neurodegeneration instead of the drug’s neural toxicity?

We then analyzed the correlations between RFNL and the CCM parameters and found that they had some
associations. The CCM parameters in the normal had no correlations with RNFL thickness, but parameters such
as nerve branches, re�ectivity and nerve length in the POAG and branches number, total tortuosity and existence
of type 2 LCs in the NTG were associated with RNFL thickness. The temporal quadrant had the least correlation
with the CCM parameters in glaucoma patients.

The limitations of the current study were the small number of subjects and the lack of tear �lm status records as
well as the functional evaluations of the peripheral nerves. As for the effect of the anti-glaucoma topical
medication on corneal nerves in glaucoma patients, a well-designed study is in need to differentiate the process
of neurodegeneration and the drug’s impact.
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Our study showed that the corneal nerves in NTG patients have characteristic pattern different from that in the
POAG and the normal, while the latter two share more morphological features. And the nerve parameters in CCM
especially BN have associations with the RNFL thickness, a marker for disease progression in those glaucoma
patients. The results added supportive information to the pathological link between NTG and the neural system
alteration. Also it provoked the re-thinking of NTG’s entity adscription. Besides the nerve alterations, both
untreated POAG and NTG have obvious immature LCs in�ltration indicating that the glaucoma disease itself not
the antiglaucoma mediation had some relationship to ocular surface in�ammation. The antiglaucoma topical
medications might have worsening impact on corneal nerves and LCs in�ltration, but it should be further
distinguished from a probable primary corneal neurodegeneration in the glaucoma patients.

Conclusion
The NTG patients had unique nerve morphology in CSNP which was quite different from that in the POAG and the
normal, while the latter two had more common features. The CCM parameters might be potential indicators for
glaucoma prognosis as they were associated with the RNFL thickness. Untreated glaucoma patients had obvious
immature LCs in cornea indicating their relationship with ocular surface in�ammation.

Abbreviations
POAG
Primary open angle glaucoma
RNFL
retinal nerve �ber layer
IOP
intraocular pressure
RGC
retinal ganglion cells
NTG
normal tension glaucoma
CCM
corneal confocal microscopy
CSNP
corneal subbasal nerve �ber plexus
FL
�ber length
BN
branch number
FW
�ber width
FR
�ber re�ectivity
NT
nerve tortuosity
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Tables
Table 1. The Demographic Data and Clinical Characteristics of All Subjects

  POAG NTG Control
  Total m+ m- Total m+ m-  
n 23 14 9 10 2 8 31

Age (year) 56.74+15.45 58.36±12.43 54.22±19.85 60.80+5.98 - 59.25±5.68 53.10+17.84
          p-value   0.544b       0.485c 0.375a

Female sex-no (%) 15 (65%) 9 (64%) 6 (67%) 6 (60%   6 (75%) 13 (42%
         p value   0.907b       0.707c 0.212a

m+-no(%) 14(61%)     8(80%)      
        p value 0.031d            

Medication duration (month)   17.86+16.66          

a: p value of comparison among POAG, NTG and control; b: p value of comparison between POAG m+ and m-; c: p value of comparison between POAG m- and

NTG m-; d: p value of comparison between POAG and NTG. 

m-: patients without topical medication; m+: patients with topical medication
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Table 2. Comparison of Confocal Parameters Between the normal tension glaucoma, primary open angle glaucoma and the normal
    n FL BN NW NR NT

total
NT
local

LC Type
1

LC
Type2 

LC total

n (
%)

n ( %) n ( %)

Normal   31 3223.78±617.06 13.38±5.44 3.37±0.74 143.91±15.91 1.06±0.03 132.07±11.00 14(45.16) 3/(9.68) 16(51.61)
POAG total 23 3156.79+643.92 17.55±5.62 3.65±0.69 153.09±14.12 1.07±0.03 130.56±13.03 9(39.13) 8(34.78) 11(47.83)
  P value 

Vs control
  0.700 0.008* 0.160 0.033* 0.683 0.647 0.658 0.024* 0.783

  m+ 14 3240.71±627.81 19.04±4.58 3.66±0.54 154.65±13.95 1.07±0.03 127.98±10.77 5(35.71) 7(50.00) 8(57.14)
  P value 

Vs control
  0.933 0.002* 0.193 0.036* 0.590 0.252 0.763 0.034* 0.731

  P value 
Vs
POAGm-

  0.448 0.116 0.928 0.527 0.719 0.246 0.183 0.907 0.265

  m- 9 3026.25±684.28 15.24±6.55 3.64±0.91 150.70±14.89 1.06±0.03 134.57±15.78 2(22.22) 3(33.33) 3(33.33)
  P value 

Vs control
  0.414 0.394 0.374 0.261 0.971 0.665 0.216 0.08 0.334

NTG total 10 3494.60+523.01 19.78±5.56 2.96±1.20 143.03±14.01 1.09±0.07 125.10±11.15 6(60.00) 4(40.00) 8(80.00)
  P value 

Vs control
  0.219 0.003* 0.201 0.876 0.036* 0.090 0.414 0.027* 0.113

  P value 
Vs POAG 

  0.155 0.302 0.043* 0.069 0.074 0.258 0.269 0.775 0.086

  m- 8 3646.10±457.09 20.75±5.86 2.52±0.81 139.50±13.30 1.10±0.07 121.56±9.35 6(75.00) 3(37.50) 7(78.50)
  P value 

Vs control
  0.079 0.002* 0.007* 0.476 0.020* 0.018* 0.132 0.052 0.066

  P value 
Vs
POAGm-

  0.047* 0.089 0.018* 0.125 0.153 0.06 0.03* 0.858 0.024*

* denotes a statistically significant difference 
POAG: primary open angle glaucoma
NTG: normal tension glaucoma
m-: patients without topical medication; m+: patients with topical medication

 

 
Table 3. Correlations between medication duration and the Confocal parameters in the treated primary open angle glaucoma
  FL  BN NW NR Total NT Local NT LC Type 1  LC Type2  LC total
r -0.169 -0.415 -0.388 0.146 0.042 -0.455 0.143 -0.261 0.054
P value 0.565 0.140 0.170 0.618 0.886 0.102 0.626 0.367 0.854

 

 

Table 4. Correlations between retinal nerve fiber layer thickness and Confocal parameters in the POAG, NTG and normal 
  FL BN NW NR Total NT Local NT LC Type 1 LC Type 2 LC
  r/P value
POAG                   
Superior 0.547/0.043* 0.535/0.049* 0.270/0.350 -0.741/0.002* -0.112/0.703 -0.125/0.670 -0.129/0.659 -0.021/0.944 -0.021/0.944
Inferior  0.279/0.334 0.322/0.262 0.015/0.958 -0.749/0.002* 0.182/0.577 0.037/0.899 0.240/0.408 0.358/0.209 0.358/0.209

Nasal  0.333/0.245 0.568/0.034* -0.320/0.265 -0.086/0.770 0.163/0.577 -0.357/0.210 0.371/0.192 0.234/0.422 0.234/0.422
Temporal 0.288/0.318 0.207/0.478 0.218/0.455 -0.538/0.047* 0.037/0.899 -0.305/0.288 0.166/0.570 0.286/0.321 0.286/0.321
NTG                  
Superior 0.371/0.468 -0.860/0.028* -0.061/0.909 0.446/0.375 -0.600/0.208 0.429/0.396 0.007/0.990 -0.878/0.021 -0.131/0.805
Inferior  0.200/0.704 -0.846/0.034* -0.113/0.831 0.402/0.430 -0.829/0.042 0.486/0.329 -0.117/0825 -0.683/0.135 0.131/0.805

Nasal  -0.371/0.468 -0.796/0.058 0.572/0.235 0.637/0.174 -0.972/0.001 0.600/0.208 0.414/0.414 -0.293/0.573 0.655/0.158
Temporal 0.435/0.389 0.207/0.693 -0.151/0.776 -0.620/0.190 0.120/0.821 -0.493/0.321 -0.735/0.096 0.099/0.852 -0.266/0.611
Normal                  
Superior -0.385/0.306 -0.042/0.915 -0.147/0.706 -0.310/0.417 0.268/0.486 -0.477/0.194 -0.043/0.912 0.550/0.125 -0.0.043/0.912
Inferior  0.042/0.915 0.286/0.456 -0.042/0.914 -0.840/0.005* 0.403/0.282 0.378/0.316 0.437/0.240 0.552/0.123 0.437/0.240

Nasal  0.544/0.130 -0.059/0.881 0.319/0.402 -0.293/0.444 -0.149/0.702 -0.142/0.715 -0.348/0.359 -0.413/0.270 -0.348/0.359
Temporal -0.360/0.342 0.017/0.966 0.261/0.498 0.109/0.781 0.285/0.458 0.452/0.222 0.174/0.654 0.481/0.190 0.174/0.654
* denotes a statistically significant difference
FL: fiber length, BN: branch number, NW: nerve width, NR:nerve reflectivity, NT: nerve tortuosity, LCs: Langerhans cells
POAG: primary open angle glaucoma, including treated and untreated patients
NTG: normal tension glaucoma, including treated and untreated patients
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Figures

Figure 1

characteristics of the CSNP in the NTG, POAG and the control. A. Tortuous corneal nerves with more branches in a
newly diagnosed NTG patient. B. less winding corneal nerves with less branches in a newly diagnosed POAG
patient. C. the relatively straight nerves in a normal subject. Arrows notes the LCs.


