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Elastin Fibers Are Oriented Suitably for Uniform Composite
Properties of the Human Optic Nerve Sheath (ONS)
Alan Le1, Ayesha Baig1, Andrew Shin1, Vadims Poukens1,
Joseph L. Demer2. 1Ophthalmology, University of California, Los
Angeles, Los Angeles, CA; 2Ophthalmology, Stein Eye Institute,
UCLA, Los Angeles, CA.
Purpose: It has been suggested that tension exerted by the ONS on
the globe optic-nerve junction in adduction may be an intraocular
pressure-independent cause of optic neuropathy in glaucoma. We
show elsewhere at this ARVO that the ONS has inner and outer layers
(Baig et al, ARVO’17) having differing viscoelastic properties that
are roughly isotropic during tensile loading (Shin et al, ARVO’17).
Since individual elastin fibrils could not be isotropic, we examined
elastin fiber abundance and orientation in the ONS to determine if
their ensemble might influence overall tissue properties.
Methods: Human ONSs aged 26 to 82 years were obtained from
eyebanks, formalin fixed, paraffin embedded, coronally sectioned
at 10 μm thickness, and stained with van Giesson’s elastin method.
Micrographs were analyzed using Photoshop and ImageJ for relative
abundance and orientation of elastin fibers within the inner and outer
ONS layers.
Results: Three general orientations of elastin fibers were identified:
longitudinal fibers (LF) running parallel to the length of the ONS,
diagonal fibers (DF) crisscrossing at roughly ±45° to the LF,
and circumferential fibers (CF) concentric to the ONS. DF were
interwoven through the ON sheath at angles 30° to 80° relative to
the longitudinal ONS axis, and at a wide range of orientations within
the coronal plane clustering at 160°, -20° and -150° relative to the
circumferential tangent. Fibers were uniformly distributed around
the ONS circumference in both layers. The ONS inner layer exhibits
significantly more DF and CF than the outer: 69% of total DF
appeared in the inner layer vs. 31% in the outer (P<10-3), 88% of total
CF in the inner vs. 12% in the outer layer (P<10-3). LF were evenly
distributed between the two layers. The inner ONS layer contained
56±5%(SEM) LF, 32±4% DF, and 12±1% CF. The outer ONS layer
contained 75±6% LF, 23±5% DF and 2±1% CF (P< 0.003, chisquare).
Conclusions: Elastin fibers are embedded in the collagen matrix of
the ONS in a woven, 3-D pattern of longitudinal, circumferential, and
oblique orientations that forms a mesh suitable to provide stiffness
in all directions. This organization may explain why overall ONS
biomechanical properties at the tissue level are isotropic despite
construction from anisotropic constituents. Differences in fiber
orientations between the ONS inner vs outer layers may reflect
greater tensile loading in the inner layer.
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Intrinsic and Pial Connective Tissue Content of Human
Retrobulbar Optic Nerve (ON)
Nasima Khan, Alan Le, Ayesha Baig, Vadims Poukens,
Joseph L. Demer. UCLA, Los Angeles, CA.
Purpose: Both prevalence of glaucoma and mechanical stiffness of
the ON increase with age (Shin et al., ARVO 2017). We sought to
clarify the structural basis of age-related ON stiffening by evaluating
the connective tissue content of the ON and its ensheathing pia.
Methods: Seven human ONs aged 1.4, 4, 26, 62, 67, and 80 yrs
were embedded in paraffin, sectioned transversely in the immediately
retrobulbar region at 10 microns thickness, and stained with Masson
trichrome for light microscopy using a Nikon E800 microscope.
Digital colorimetry was performed in 3 sections of each specimen to
quantify relative areas of pia connective tissue, intrinsic connective
tissue within the ON, and ON axons.
Results: All ONs were ensheathed in a dense collagenous pial layer
that was directly contiguous with a matrix of dense, interconnected
collagenous septae intercalating intrinsically among the ON axon
bundles. The intercalated relationship of this connective tissue to
ON axon bundles differs markedly from the tenuous relationship
of the diaphanous pial layer of the cerebral cortex to underlying
brain tissue from which it is readily dissected. There was section to
section variability in connective tissue quantity in each ON. Overall,
however, ONs from ages 4-66 yrs had similar intrinsic connective
tissue ranging 13-19%. The 1.4 yr old ON, however, contained
31±4% (SD) intrinsic connective tissue. There was a trend to
increasing ON connective tissue beginning in the late 7th decade of
life, comprising 34±8% of 67 yr and 41±12% of 80 yr old ON area. A
similar trend was evident in the pia, which comprised about 10% of
total ON cross section from ages 4-66 yrs. The older ON’s exhibited
greater relative pial cross section: 22±2% in the 67 yr old, and 25±4%
in the 80 year old specimen.
Conclusions: Unlike brain, the human retrobulbar ON contains a
substantial intrinsic matrix of interconnected collagenous septae
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connective tissue contiguous with its dense pial sheath. This structure
is consistent with biomechanical modeling of the ON and its sheath
as a composite matrix of both connective tissue and axons. The
proportion of connective tissue varies among subjects, but may
increase with age in the elderly.
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Ayesha Baig, None; Vadims Poukens, None; Joseph L. Demer,
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Age-Related, Bilaminar Hypertrophy and Elastosis of the Human
Optic Nerve Sheath (ONS)
Ayesha Baig, Alan Le, Andrew Shin, Vadims Poukens, Nathan Long,
Joseph L. Demer. UCLA, Woodland Hills, CA.
Purpose: It has been suggested that tension exerted by the ONS on
peripapillary sclera in adduction may be an intraocular pressureindependent cause of optic neuropathy in glaucoma. We show at
this meeting that the inner & outer ONS layers exhibit differing
viscoelastic properties (Shin et al, ARVO’17). We here aimed
to evaluate possible anatomical correlates of differing laminar
biomechanics of the human ONS.
Methods: Eight orbits ages 1.4, 4, 44, 57, 59, 64, 65, and 93 yrs
were paraffin embedded, serially sectioned at 10 mm thickness,
and stained with Masson trichrome and van Giesson elastin stains.
Light microscopy was used to distinguish the 2 ONS layers based
on collagen fiber density and weave. Digital colorimetry was used
to quantify elastin fiber density on a per pixel basis as a percentage
of total pixels in the inner and outer layers. ONS thickness was
measured in 10 sites at each of the superior, inferior, medial, and
lateral quadrants.
Results: Distinct inner and outer layers were present in the ONS of
adults but not children. Elastin fibers stained dark black with van
Giesson stain and had 3 different orientations within each layer:
circumferential, longitudinal, & crisscross diagonal weave. In the 6
orbits demonstrating dual layers, mean inner layer elastin density was
6.1±0.6% (SEM), significantly greater than the corresponding density
of the outer layer at 3.0±0.4% (P<10-5). Elastin density increased
significantly with age by 0.05±0.01% per year (linear regression,
R2=0.7, P=0.01), while ONS thickness increased by 4.9±0.9 mm/yr
(R2=0.8, P<10-5). The ON sheath at the inferior and lateral quadrants
tended to be thicker than in superior and nasal quadrants.
Conclusions: The human ONS becomes bilaminar after childhood.
While substantially higher elastin density of the inner than outer
layer suggests that the inner is stiffer, both elastin density & ONS
thickness increase progressively with age. These findings correlate
with biomechanical observations of greater ONS stiffness in the
inner layer that inserts on the scleral canal, as well as increasing ONS
stiffness with age that would tend to transfer strain from the ONS
to the peripapillary sclera when the ONS is under tensile loading in
adduction.
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axons, suggesting that axons must travel through CSPG-rich regions
while growing past the lesion. PI3K mutant mice showed significant
regeneration of RGC axons. Inactivating CSPGs with ChABC
enhanced this effect, with more CTB-positive axons observed at
0.5 mm distal to the lesion site in the enzyme-treated group (252.32
+/- 96.35 axons per nerve) versus controls (119.23 +/- 112.50,
p=0.049).
Conclusions: CSPG expression increased after mouse optic nerve
crush, and levels remained high within the lesion site for at least
3 weeks. Inactivating CSPGs with ChABC enhances intrinsicallystimulated RGC axon regeneration, suggesting that CSPGs at the
lesion site inhibit growing axons and that modifying the extracellular
environment may improve intrinsic regenerative therapies.
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Modifying chondroitin sulfate proteoglycans enhances retinal
ganglion cell axon regeneration in the mouse optic nerve
Craig Pearson1, 2, Herbert M. Geller2, Keith R. Martin1. 1Clinical
Neurosciences, University of Cambridge, Cambridge, United
Kingdom; 2NHLBI, National Institutes of Health, Bethesda, MD.
Purpose: Retinal ganglion cell (RGC) axon regeneration can be
induced by inflammation, genetic manipulation, or other stimuli,
but regrowth to central targets is limited in part due to the inhibitory
extracellular environment of the optic pathway. We aimed to
characterize the spatial and temporal expression of inhibitory
chondroitin sulfate proteoglycans (CSPGs) in the mouse optic
nerve after optic nerve crush (ONC) and to test if modifying CSPG
enhances RGC axon regeneration in vivo.
Methods: CSPG expression was assessed by immunohistochemistry
1, 3, 7 and 21 days after ONC using antibodies against CSPGs
(including a specific sulfated epitope (4S) known to be inhibitory to
axon growth in vitro), and markers for reactive astrocytes (GFAP)
and activated microglia (Iba1) (n=3 per group). To assess the effects
of CSPGs on RGC axon regeneration, mice with a cre-inducible
mutation in the phosphoinositide 3-kinase (PI3K) protein, which
stimulates axon regeneration, also underwent ONC. Animals received
either chondroitinase ABC (ChABC) to inactivate CSPGs (n=4) or
PBS control injection (n=4) at the lesion site. Intravitreally injected
Choleratoxin-B (CTB) was used to visualize regenerating RGC
axons.
Results: Elevation of CSPGs, including the 4S epitope, was observed
at the lesion site from between 3 and 7d until 21d post crush.
Reactive astrocytes withdrew from the lesion site, creating a GFAPnegative zone filled with Iba1-positive microglia and macrophages.
CSPGs occupied spaces between Iba1-positive cells, alongside RGC
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Subdural infusion of kynurenic acid causes myelin loss in chicken
optic nerves
Akshay Gurdita1, Jacek M. Kwiecien2, 3, Vivian Choh1. 1School of
Optometry and Vision Science, University of Waterloo, Waterloo,
ON, Canada; 2Pathology and Molecular Medicine, McMaster
University, Hamilton, ON, Canada; 3Clinical Pathomorphology,
Medical University of Lublin, Lublin, Poland.
Purpose: Kynurenic acid (KYNA) is a neuro-active metabolite of
tryptophan present in the central nervous system. Previous work
revealed that prolonged subdural infusion of high levels of KYNA
reduced the numbers of myelin sheaths in the rat spinal cord without
inducing an inflammatory response. We hypothesize that a similar
infusion of kynurenic acid (KYNA) induces myelin loss in the optic
nerves of chickens.
Methods: Seven day old gallus gallus domesticus chickens were
randomly selected for infusion of 50 mM KYNA (n = 2) or phosphate
buffered saline (PBS; n = 3), at a rate of 0.5 mL/hr. KYNA or PBS
were loaded into an osmotic pump that was attached to a catheter.
The catheter was inserted into the optic nerve and the pump was
implanted under the skin in upper back region of the bird. A third
group of birds received no treatment (n = 4) and served as negative
controls. After 7 days of infusion, birds were sacrificed by cardiac
perfusion with Karnovsky fixative. Negative controls were perfused
at the same age as the infused chicks. Optic nerves were dissected
and embedded in epon/araldite resin. Electron micrographs were
collected and the percentage of myelinated axons were averaged from
0.01 mm2 areas within 4 quadrants of the optic nerve. A one-way
ANOVA was used to determine differences between the groups.
Results: KYNA-infused nerves exhibited widespread loss of myelin
sheaths associated with astrogliosis and without inflammatory
infiltration of the nerve. PBS-infused nerves exhibited slight localised
loss of myelin sheaths while all the nerves in the negative control
birds had no changes. Preliminary data for the implanted nerves
from each group indicated that the percent of myelinated axons in
KYNA-infused chicks (mean ± sd: 11.4% ± 1.5%) were lower than
the PBS-infused (72.8% ± 11.0%; p = 0.0004) and negative control
birds (90.0% ± 4.10; p = 0.0002). The percent of myelinated axons
in PBS-infused birds, were slightly reduced compared to negative
control birds (p = 0.0401).
Conclusions: Subdural infusion of 50 mM KYNA for 7 days induces
myelin loss without inflammatory infiltration in the chicken optic
nerve. PBS-infused birds also showed a slight loss of myelination,
likely due to the surgical procedure. Our model of subdural
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infusion of KYNA may be useful for illuminating mechanisms of
oligodendrocyte function and myelination in the optic nerve.
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A potential neuroprotective role for meningothelial cells
Albert Neutzner1, Charles Hemion1, Emilia Meyer1, Corina Kohler1,
Hendrik P. Scholl2, Peter Meyer2, Hanspeter E. Killer3. 1Department
Biomedicine, University Hospital Basel, Basel, Switzerland;
2
University Hospital Basel, Basel, Switzerland; 3Kantonsspital Aarau,
Aarau, Switzerland.
Purpose: Altered cerebrospinal fluid (CSF) homeostasis is
thought to be the main culprit of visual impairment during
optic nerve compartment syndrome likely due to diminished
flow and accumulation of harmful substances in the optic nerve
microenvironment. Meningothelial cells (MECs) form the cellular
component of this environment and are involved in maintaining
CSF homeostasis. MECs are highly active facultative phagocytes
promoting the clearance of bacteria and apoptotic cell bodies from
the CSF. In addition, MECs are actively modulating immunological
processes in the brain through the secretion of pro- and antiinflammatory cytokines. To better understand the connection between
MECs and neuronal damage, we studied the clearance of neurotoxic
peptides by these cells.
Methods: Primary human MECs were treated with the neurotoxic
peptides amyloid-β (Aβ) and α-synuclein and peptide uptake,
mitochondrial function and cell death was assessed and compared
to neuronal and astrocytic cells. Phosphokinase arrays were used to
analyze signaling pathways after stimulation of MECs with Aβ.
Results: We found that MECs ingest Aβ and α-synuclein up to about
10-fold more efficiently compared to neuronal cells via clathrinand caveolae-mediated endocytosis as well as macropinocytotic
processes. While production of reactive oxygen species (ROS)
following exposure to Aβ and α-synuclein was similar between
MECs and neuronal cells, mitochondrial function in MECs was
significantly more resistant to Aβ treatment compared to neuronal
cells. Similarly, MECs were significantly less susceptible to Aβinduced cell death than neuronal cells. Analysis by phosphokinase
array revealed that treatment of MECs with Aβ compared to neuronal
cells induced cellular signaling potentially connected to increased
resistance to neurotoxic peptides.
Conclusions: MECs are a sink for neurotoxic peptides thereby
providing an alternative clearance mechanism for such substances.
Thus, altered waste clearance from the microenvironment by MECs
during optic nerve compartmentalization might contribute to vision
loss.
Commercial Relationships: Albert Neutzner, None;
Charles Hemion, None; Emilia Meyer, None; Corina Kohler,
None; Hendrik P. Scholl, None; Peter Meyer, None;
Hanspeter E. Killer, None
Support: Forschungsfond Aarau, Cantonal Hospital Aarau,
Switzerland
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Beta amyloid peptides accumulation induces the over expression
of TSPO translocator in optic nerve, visual cortex and in the
retina in Alzheimer s disease and aging model
LUIS F F. HERNANDEZ1, Abigail Torres1, Monserrat Perez1,
Elisa Gorostieta2, Miriam Catorce3, Gonzalo Acero3,
Gohar Gevorkian3, Ruben Zamora1, Hugo Quiroz1. 1RESEARCH,
APEC, Mexico, Mexico; 2Neuroscience division, IFC-UNAM,
Mexico, Mexico; 3Immunology, IIB-UNAM, Mexico, Mexico.
Purpose: Our current research is being performed to probe if βA42
peptide and amyloid N-truncated species (AβN3(pE), AβN11(pE))
are involved in vission loss in AD and if these peptides are involved
in the overexpression of the prtoein translocator TSPO in the same
tissues.
Murine transgenic models of Alzheimer’s disease (Tg-AD) have been
used to analyze the presence of β-amyloid precursor protein (β-APP),
βA 1-42 (ßA42), and N-truncated peptides like AβN3(pE), and
AβN11(pE) deposition in the brain. These peptides are cytotoxic and
the principal markers in AD. Recently, the ßA42 has been involved
in vision loss. The presence of multiple ßA42 reservoirs in the the
retina environment, induces pathologies that leads to deficient vision
and blindness. However, for our knowledge, there is not any evidence
of AβN3(pE), and AβN11(pE) accumulation in Visual Cortex (VC),
in retina and optic nerve of 3xTg-AD mice as well as adult WildType mice. Both peptides, are more toxic than ßA42 and they are
correlated with neuroinflammatory processes in AD.
Methods: We have studied the deposition of, βA-42, AβN3-42(pE),
and AβN11-42(pE) and overexpression of TSPO in retina and
visual cortex in a 4 months old (4M) and 16 months old (16M) of
3xTg-AD mice and 4M and 16 months old aged symptomatic mice
(C57BL/6 WT). Immunohistochemistry: Brain sections (30 uM) and
enucleated eyes from both animal models were processed for double
immunofluorescence (IF) and analyzed against the following: βA42,
AβN3-42(pE), and AβN11-42(pE), pTau, GFAP and TSPO. Western
blot: WB for each different βA peptide and for TSPO were performed
in protein extracts from isolated retinas and visual cortex from both
models
Results: The results show the significant deposition of βA42 and
AβN3-42(pE) peptides, p-TAU, and GFAP and TSPO overexpression
in retina in VC of WT mice at 24 months old principally and 3xTgAD. In these mice we have not detected AβN11(pE). These results
could be related with the activation of inflammation mechanisms and
visual loss in AD and aging.
Conclusions: For our knowledge, this is the first time that the
AβN3(pE) peptide presence in the retina is reported, and this
accumulation correlates with the overexpression of TSPO in retina
and optic nerve. however, the pathological relevance of this remains
to be elucidated.
Commercial Relationships: LUIS F F. HERNANDEZ, None;
Abigail Torres, None; Monserrat Perez, None; Elisa Gorostieta,
None; Miriam Catorce, None; Gonzalo Acero, None;
Gohar Gevorkian, None; Ruben Zamora, None; Hugo Quiroz,
None
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The loss of S1P transporter spinster homolog 2 (Spns2) impairs
morphogenesis of eyelids and meibomian glands in mice
Tomoya Morii1, Takayoshi Sumioka1, Masayasu Miyajima2,
naoki mochizuki3, Shizuya Saika1. 1ophthalmology, wakayama
medical university, Wakayama, Japan; 2Laboratory Animal Center,
wakayama medical university, Wakayama, Japan; 3Department of
Cell Biology, National Cerebral and Cardiovascular Center Research
Institute, Osaka, Japan.
Purpose: To examine if the loss of spinster homolog 2 (Spns2), a
cell-membrane-transporter for sphingosine 1-phosphate (S1P), affects
morphogenesis of eyelids and meibomian glands. The loss of Spns2
reportedly decreases the tissue level of S1P.
Methods: Wild-type (WT) mice of C57BL/6 and Spns2-null (KO)
mice (n = 4) were killed by using overdose pentobarbital, i.p. Eye and
eye-adnexa including eyelids were excised and were processed for
routine paraffine embedding. KO mice used were the ages of week 7,
9, 10 and 21. Deparaffinized sections were stained with hematoxylin
and eosin (HE) or PAS staining, as well as immunostained for
ELOVL4, PPAG-gamma, desmin or myeloperoxidase (MPO), a
neutrophil marker.
Results: Seven of 8 eyes of 4 KO mice showed an impairment of
eyelid development associated with corneal scarring or opacification.
HE staining histology showed severely impaired morphogenesis
of meibomian glnads in KO tissue, that was further confirmed by
immunostaining for ELOVL4 or PPAG-gamma, as compared with
WT tissues. Orbicularis oculi muscle development was also purturbed
as shown by desmin immunolocalization. No abnormal infiltration of
neutrophiles was observed in KO tissue.
Conclusions: The loss of Spns2 impairs morphogenesis of eyelids
and meibomian glands in mice. S1P signal in considered to be
involved in eyelid morphogenesis.
Commercial Relationships: Tomoya Morii, None;
Takayoshi Sumioka, None; Masayasu Miyajima, None;
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Ethnic variation in bony orbital anatomy and its implications on
decompression surgery
Sunny Shen1, 2, Arjunan Kumaran3, Amy Chan3, Kailing Yong1.
1
Oculoplastic Department, Singapore National Eye Centre,
Singapore, Singapore; 2Singapore Eye Research Institute, Singapore,
Singapore; 3Singapore National Eye Centre, Singapore, Singapore.
Purpose: Orbital decompression surgery is a well accepted treatment
for dysthyroid optic neuropathy and disfiguring proptosis in thyroid
eye disease. However, the effect of decompression varies between
patients. The aim of our study is to describe the differences in bony
orbital anatomy (lateral orbital wall, medial orbital wall, orbital floor)
between Chinese, Malay, Indian and Caucasian subjects.
Methods: Single centre, retrospective, Computed Tomography
(CT)-based study. 20 subjects of each ethnicity were used from
existing databases, matched for gender, average age and laterality.
Subjects below 16 years of age were excluded. Digital Imaging and
Communications in Medicine (DICOM) image viewing softwares
CARESTREAM Vue PACS (Carestream Health Inc., USA) and
OsiriX version 7.5 (Pixmeo., Switzerland) were used to measure
lateral orbital wall, medial orbital wall and orbital floor anatomy and
statistical analyses performed using Statistical Package for Social
Sciences version 21 (IBM, USA).
Results: In each group, there were 12 males (60%) and average
age was not significantly different (p=0.682-0.987). Using Chinese

subjects as a reference, in Chinese, Malay, Indian and Caucasian
subjects, mean trigone thickness was 13.68, 14.02, 11.60 (p<0.001)
and 13.80mm, curved total wall length 45.23, 42.29 (p=0.048), 41.91
(p=0.020) and 45.00mm, curved trigone length 23.03, 22.61, 17.19
(p=0.011) and 18.76mm (p=0.030) and trigone volume 3120.97,
3221.01, 1613.66 (p<0.001), 2498.46mm3 (p=0.059) respectively.
Similarly, perpendicular orbital depth was 27.54, 24.97, 22.12
(p=0.001) and 25.93mm and diagonal orbital depth was 34.19, 33.27,
29.48 (p=0.01) and 34.63mm respectively. Indian and to a lesser
extent, Caucasian subjects have smaller trigones compared to their
Chinese and Malay counterparts. Indian subjects also have shallower
orbits and due care should be taken during decompression surgery.
Conclusions: We provided an anatomical overview and elucidated
the ethnic variation in surgical anatomy of the deep lateral orbital
wall, the posterior medial orbital wall and the ethmoidomaxillary
transition zone for safe and effective orbital decompression surgery.
Commercial Relationships: Sunny Shen, None;
Arjunan Kumaran, None; Amy Chan, None; Kailing Yong, None
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The Evaluation of Bony Nasolacrimal Duct in Asian with
Primary Acquired Nasolacrimal Duct Obstruction
Byeong Jae Son. ophthalmology, Kyungpook national university
hospital, Daegu, Korea (the Republic of).
Purpose: The bony nasolacrimal duct (BNLD) morphology as a
contributory factor in primary acquired nasolacrimal duct obstruction
(PANDO) is still controversial. The objectives of this study were
to evaluate the morphometric differences of BNLDs in unilateral
PANDO patients between PANDO and non-PANDO sides, as
compared with the control group using multidetector computed
tomography (CT).
Methods: Bilateral BNLDs in 50 unilateral PANDO patients and
50 control subjects were retrospectively reviewed. CT images with
1.0 mm thickness were obtained with a 64-slice scanner. The length,
coronal & sagittal orientation angle of BNLD, relative lacrimal
sac-BNLD angle, and inferior turbinate angle were assessed. The
entrance, minimum and distal end transverse (TD) & anteroposterior
(APD) diameters of BNLD was investigated. The distance between
bilateral BNLD and frontozygomatic suture (FZS) in axial view were
measured.
Results: All measurements were not different between PANDO
and non-PANDO sides within PANDO patients. The mean entrance
and minimum BNLD TDs were significantly narrower in PANDO
patients, both in PANDO and non-PANDO sides, as compared with
the control group (p = 0.025 and p = 0.011, respectively). The mean
coronal orientation angle of BNLD, relative lacrimal sac-BNLD
angle, and inferior turbinate angle were significantly narrower in
PANDO patients as compared with the control group. Narrower
entrance BNLD TDs were significantly associated with decreased
inter-FZS distance (p = 0.03), namely in patients with narrower faces.
Conclusions: The narrow mean entrance & minimum BNLD TD,
coronal orientation angle of BNLD, and inferior turbinate angle in
PANDO patients may be associated with PANDO development. Also,
narrower inter-FZS distance, suggesting that a narrower face may be
a possible causative factor in PANDO.
Commercial Relationships: Byeong Jae Son, None
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