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three-dimensional simulation of the orbicularis oculi muscle,
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[Abstract]

Tears pass through the lacrimal canaliculi in the medial canthus and are stored in the lacrimal sac (LS). As the volume of LS
changes, the action of the orbicularis oculi muscle (OOc) causes tears to be sent through the nasolacrimal duct to the inside of
the nose. Because it is difficult to visualize this in a still photograph, we generated a three-dimensional simulation of this dynamic
process and then obtained photographs. First, we obtained the OOc and LS from a Korean adult cadaver using microdissection and
three-dimensionally modelled them to simulate the mechanism of tear secretion. The OOc fiber attached to the lacrimal sac was
reconstructed, and educational material to confirm the dynamic changes were developed. The results of this study can be used

in anatomical education to enable easy visualization of tear secretion dynamics in relation to the OOc and LS.

ARlo] 1 FEYZ EEFUU, £8 2H|, AXY A 0N, sj2e ng 2HX
Key word : Anatomical education contents, Lacrimal sac, Lacrimal secretion, Orbicularis oculi muscle,
Three dimensional simulation

http://dx.doi.org/10.9728/dcs.2020.21.6.1033 Received 15 May 2020; Revised 15 June 2020

® @ This is an Open Access article distributed under Accepted 25 June 2020
@ the terms of the Creative Commons Attribution

<L Non-CommercialLicense(http://creativecommons
.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the Tel: +82-41-580-2566

original work is properly cited. E-mail: leejaegi@nsu.ac.kr

*Corresponding Author; Jae-Gl Lee

Copyright (©) 2020 The Digital Contents Society 1033 http://www.dcs.or.kr  pISSN: 1598-2009 elSSN: 2287-738X


https://crossmark.crossref.org/dialog/?doi=10.9728/dcs.2020.21.6.1033&domain=http://journal.dcs.or.kr/&uri_scheme=http:&cm_version=v1.5

g 4] 71732 =5 Al(lacrimal gland, LG)oll A A3 <=
o] Zhef TS wkEA] A AAHA, EESSEA ol $1X 7
#1224 (superior lacrimal canaliculi, SLC)¥} o}l e EAadt
(inferior lacimal canaliculi, ILC-S A4 =& Y(lacrimal sac,
LSyl E.91 3ol F7& FH(nasolacrimal duct, NLD)—O— A =
QrEo 7 ] EolRI1]43]. &4 o] wwEw
wol L7k EAR, Lssh A3 ues Apolo] At
(depressor supercilli muscle, DS), 00c2] QFH&E-5d, —‘F%Eﬂ
H(Orbicularis oculi muscle, 00c)©] 4o X3} ¢}

3], 00c= =& H-1(orbital part of OOc, 000c), T/ & F-&
(palpebral part of OOc, pOOc), LS -3 (lacrimal part of OOc,
100c) A 5-5-0 2 T4 5]o] 9lrh4].

00c9] T8 A 5 000c= $IE M 9] ojulE7], o]nhm| <]
SRR, AEEE ?ltﬁ(medlal palpebral ligament, MPL)l| 4]
71 d8te] =8 FRlof om, uhe e gigste] =& 1AL
EE AlolE 1 7‘:13’— | 3= Sahs gl)s). o]kt
QIEel| EA|8H= pO0ct= w7 Eol|lA| 719ste] 715w7
E%7](lateral palpebral raphe)dl] &1L, & Zrulo| Av} F=7&
S ¥ 71%% 31, 100cE o= 9 w4 T 9o -3
= EEFH Y 93-S Frhe], [7]. 00c] FEjgHl &
Aol = 7|57 Lse] #AE -4"” e AL e wh7 IS
oaljsh=tl] T 8.5kt ek, SRt 3 -8H4] 91 FHxd el A LSell
00c?] A7} F-21%] = ARdou LS 7]sol| thell 21244 o=
A AHatal e 1l ARTERES] witel| o] &
BH o2 olaslr]i= o Aot

LGOIl Al NLD7HA] iet-e] o5k #7g ol 4 00c ] 45+
O]+ e 2Pl e an, IR o] Fek=t T A
7% 3kl ok LSoll H-2H 00c A7} 5753} o] kst
uhe} LS o] F-3] W7} A gy, o]w), =5 Aol = SLCSFILC
7F FREA sm=o] AWk dol 98| Lse] A7) Aol
o} 00c7} o] ¢kt uff SLC9} ILCE H A =& 27t SHy]
a1, LSe] A717F % J- €lo1], [8], [9]. ©1= Al LS9 &3t
o] 00cell 9]&f WMl wA, Lsell A4=o] el %] NLD
Zow Fo] Sol7H vk di- ATtlA BEETA ol A
00c, LS, SLC, ILC, NLD, MPL ©l| thal] w] A sfj}-ate] st
2Rl 29} 7% AR EAU10], [11], A RElgste]
st Q] 25 HjF a1 gl Oo[12], 00ce} Lse] #A)
S} =0l LSellA NLD7HA| o] s-ah= 37 & 2 o=
aF#] Fafar 3l

il

00c 553} o]¢ho] wh2 LSe] Wstel] theh -2, deat
Al ARt ainke 2= A 0 2 olafshy]= o fHaL, v
o] &o} 3= A E didom AFste] 7S sk A2
HdHor Brbsditt 237 v AFHRE A AlE
glojidsto] 71& Argatal, o] & Fal ShaAke] SHelA A
Zheolm a84Ql olaf & e ol W Felxo e

http://dx.doi.org/10.9728/dcs.2020.21.6.1033

o] A7)¥ 3L AT, AL A Fellol e Az SAal] ofed
Y-S AFE S BEte] TSR Hloln, olefd e

GOl A thFatAl 285 ar ITH13]-[18].

o] 7= KAl YA LS9F 00¢ A& TIAl Sl
Hahal, o5 kel RdREkal AlEw oA sk, i E
7174 00c2] 5757} o] gl 2 LSS WghE A7 o
TE3te], 7] olaliahr] o HHH AR IS A
A= 3 WG FRIEE A Zsl=t] HA4 0] glek o] & F3
T A A O] w8 ek wAd Vet w4}
BE &80, §93Q S E7EA Y 7FsAS AAEka
A} gk
I, gt dhy

1) ANAFE B8 ABETA 9] T2 I
sHrel Q) AlAle] QHERETALS S AHESte] nlA
Asigich Sl Ahels) ool 715 A0S A
S11L, ahe] Qe ol X WNE AAT T, A VA

2} A elstol U 00 A8 wB AR 1>

=

=2 Z(Orbicularis oculi muslce,
OOc) é.*-?—’r% ERIE £ U= ZE(B). B SMES
% 1|7_Io[. ollzi i§5| :.O A-IOS

LIEHACE FS : facial skin (2= m&), I: inferior
(ot &), L: lateral (7t%), LE: lower eyelid
(ot=7HE), Medial (2+%), MC: medial canthus
(2HZ=T4), N : nose (2), S: superior (%%), UE:
upper eyelid (¥I=HE)

Fig. 1. Photographs showing cadaver dissection (A) before
removing the skin surrounding the right eye; (B)
orbicularis oculi muscle fibers after removing the
skin surrounding the right eye (yellow arrow points
to the partially exposed orbicularis oculi muscle).
FS : facial skin, I: inferior, L: lateral LE: lower
eyelid, Medial, MC: medial canthus, N : nose, S:
superior, UE: upper eyelid.
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Fig. 2. lllustration of the position of the lacrimal sac (LS)
in relation to the orbicularis oculi muscle (OOc),
and photographic image after microdissection of
the medial canthus. (A) lllustration of the lacrimal
sac (sagittal plane); (B) the depressor supercilii
muscle fibers and OOc fibers blended together

and were attached to the LS. Ant: anterior, I:
inferior, L: lateral, M: medial, oOOc: orbital part of
OOc, Pst: posterior, pOQOc: palpebral part of OOc ,
S: superior.
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Fig. 3. Images of three-dimensional simulation before and
after contraction of the orbicularis oculi muscle
(OOc): (A) before contraction of the orbicularis
oculi muscle (yellow arrow points to the path of
tear flow); (B) after contraction of the OOc (green
arrowhead points to the changes in the lacrimal
sac). LS: lacrimal sac, NLD: nasolacrimal duct

http://www.dcs.or.kr



CIX|" 28l = s+5|=&X|(J. DCS) Vol. 21, No. 6, pp. 1033-1038, Jun. 2020

OFFTA oA 00c A7) 53 o] ¢ho] LS F-3] o gk
S o], LS7F P 98-S 3l Z AF o R FES FH|ske
t], o] 00c A1-F-7FLSell H-21== s o2 e A Q). 18]
LFLSell 21l 00c Al-frell thek Azl 2b & Bhatke] 3
ol A S A Aol A FE7] o] AL, )= A Aol A AP ARIE
v A e ~E o) o 2 vk LEhlo], o]of] tjgh
7175 53 olsietal = Aol 18 7] wiiel, o]
Aol A= LSl -2 = 00c Ar9] -2t -5 ERlste]
ARIO R 7]5381la <19 1, 2>, 012 7|9ko 2 Z3FEE &
&sto] Ak AlE o)A B, e E 0] H] 7S AW E
U W ETE ARSI
itEo] SLCO ILCE E3) LSE &) E0121, 100c2] A
fr Wste] oJsf Lse] -3 7} up# o] -5 NLD= Kotk 1
uf, <17 2> 4] HWI gk Aaf, 7] 27l B84
A& o] 9ol Lol F-2he] = BE-C 100c at olz}, 000c 2}t
DS7} 4ol <1%‘ 2A>, DS%} 0007} A2 TFE Zlo]ojA
<718 2B>, 1.89] 9% H2o| Faty= A 89l & 4= 919
o} wegh A7) A RekA AnE diste] e AlE o]
At A7), 000c7} LS 3] Mol JakS ) o] Axp= o
& 250 WETRS 18§ Rl o] 7] witell, U A=k A
Hllo]dSs Hlaliie HETAelA 2] 00k, LS, SLC, ILC,
NLD, LSE AL gl w1 24jol] ot w24 544 a1
SRS o] 83 T4 EAlo] D asi)

259 7'50] F99] SRt Fxgol TS wA
Bejo]

e

”
R

o], 1A %E& OS_%LOM e Pr% &85
213k Ak AlEE o)A A= A9l 8 AR Q)
QA olaflol] =S & 5 Uk AE AN 9]
% SLC, ILC, LS, NLD-& 1%~ 2}7] wj o] 0] 2]
AAste] Ak AT Ete] 00cete] IAIE w4
Eipdh= 6}111 ojef gk At BElE) 25 9} vl A S| RALEE 7
¥ko 2 007} LS 9] H-1] & 714241 7] A NLD £0. 7 F5-5
e A7 S AAEEAL ek A AT gRlg
T ek e, w8 ] 712 B sk o] sk A Ay

59 7154 ATl visl] dxEgeldognt HoFa

A7) wiiell, E4 #AQlel tigk o]s) 7t F gk 00ce}t LS9
st sl A alr] of el Al o] ik

o] Aol A= <17 3>7 o] A E Ha9] 00c7}
o e ES 2L, obeAEe A WSt 2k
FE7HA] @l om, <719 3A>e A ZFehE A= wE T
A Ak 2] epglek gk <19 3B>9} o] 00c?] 45
o] LSe] F7HS ZHAAIA NLD 0.2 itk §-H|7} o] Fo]%]
= S AlEHeIA AR EO%E} 00c®] F50] 2314
02 LS9 H9|E 71447 NLD £0.2 w525 BHelaL §)

o
o

)

o ¥
X0,
N

%0

=

RO CON Y
10 )
r_ti_lz

)

—

[‘

http://dx.doi.org/10.9728/dcs.2020.21.6.1033

A4, 00c®] 57} o|¢k #Hol| A LSl -2 00c7} FA
A LS 9] §-3]7} 7hAw] o] 32 o 3hg =] o t &t g &gk
A P FHAEAE B SR A9 dast
ot o] ATt 7]l gRlst 4= gllw 00c7} LS -2}
54 A& AA s-staL, o] A=E nfg o R HFE AlEd ol
stof AlZHA 0 & KojF=a1 9tk o] €] 7} 2lek HEgh 00c s}
LSe] Wiz} JS FE30] Qe o] & 0] Bl o
o el s ZelxR S83 49, e A K9l v
wH] 7] el gl a4 Q1 850 7}??‘% Ao 7]djghtt.

4 1

ZAel 2

o] =52 2020 YA Lrek sl ] X glo] o3
SERLER

1L
1t

i

[1] S. Standring, Gray’s anatomy: The anatomical basis of
clinical practice, 41st ed. London, Elsveier, pp. 683-684,
2016.

[2] A. Thale, F. Paulsen, and R. Rochels, B. Tillmann,
“Functional anatomy of the human efferent tear ducts: a new
theory of tear outflow mechanism”, Graefe's archive for
clinical and experimental ophthalmology, Vol. 236, No. 9,
pp. 674-678, September, 1998.

[3] H. Salour H, K. Khosravifard K, A. Bagheri A, Y. Abrishami
Y, B. Kheiri B, and M. Tavakoli, “Efficacy of tightening of
orbicularis oculi muscle in patients with functional
nasolacrimal duct obstruction”, The International Journal on
Orbital Disorders, Oculoplastic and Lacrimal Surgery, Vol.
35, No. 1, pp. 11-15, December, 2016.

[4] N. Kampan, M. Tsutsumi, I. Okuda, H. Nasu, M. S. Hur, K.
Yamaguchi, and K. Akita, “The malaris muscle: its
morphological significance for sustaining the intraorbital
structures”, Anatomical Science International, Vol. 93, No.
3, pp. 364-371, June, 2018.

[5] N. S. Norton, Netter’s head and neck anatomy for dentistry,
3rd ed. London, Elsevier, pp. 166-167, 2017.

[6] S. R. Seiff, and B. D. Seiff, “Anatomy of the asian eyelid”,
Facial Plastic Surgery Clinics of North America, Vol. 15,
No. 3, pp. 309-314, August, 2007.

[7] C. N. Burkat and B. N. Lemke, “Anatomy of the orbit and its
related structure”, Otolaryngologic Clinics of North
America, Vol. 38, No. 5, pp. 825-856, October, 2005.

[8] H. Kakizaki H, M. Zako, O. Miyaishi, T. Nakano, K.
Asamoto, and M. Iwaki, “The lacrimal canaliculus and sac

bordered by the Horner's muscle form the functional



Aty Al22ojd e Set ==

lacrimal drainage system”, Ophthalmology, Vol. 112, No. 4,
pp. 710-716. April, 2005.s

[91Y. Choi, H. G. Kang, Y. S. Nam, J. G. Kang, and . B. Kim,
“Facial nerve supply to the orbicularis oculi around the
lower eyelid: anatomy and its clinical implications”, Plastic
and Reconstructive Surgery, Vol. 140, No. 2, pp. 261-271.
August, 2017.

[10] H. Kakizaki, M. Zako, T. Nakano, K. Asamoto, and M.
Iwaki, “The medial horn and capsulopalpebral fascia in the
medial canthus are significant antagonists of the orbicularis
oculi muscle for lacrimal drainage”, Ophthalmologica, Vol.
218, No. 6, pp. 419-423, November, 2004.

[11] C. I. Zoumalan, J. M. Joseph, G. J. Lelli Jr, K. L. Segal, A.
Adeleye, M. Kazim, and R. D. Lisman, “Evaluation of the
canalicular entrance into the lacrimal sac: an anatomical
study”, Ophthalmic plastic and reconstructive surgery, Vol.
27, No. 4, pp. 298-303, July-August, 2011.

[12] H. Yamamoto, K. Morikawa, E. Uchinuma, and S.
Yamashina, “An anatomical study of the medial canthus
using a three-dimensional model”, Aesthetic Plastic Surgery,
Vol. 25, No. 3, pp. 189-193, May-June, 2001.

[13] M. S. Lim, S. S. Yeo, and Y. H. Kim, “Drone-based
simulation for the establishment of integrated safety system
in educational space”, Journal of Digital Contents Society,
Vol. 20, No. 9, pp. 1865-1871, September, 2019.

[14] I. C. Yang and W. H. Jeon, “Development of lane-close
model using micro traffic simulation”, Journal of Digital
Contents Society, Vol. 20, No. 7, pp. 1285-1290, July, 2019.

[15] J. E. Jung, M. Jung, and S. J. Lee, “Ship navigation
simulation test for area-of-interest analysis using eye
tracker”, Journal of Digital Contents Society, Vol. 19, No.
10, pp. 2019-2026, October, 2018.

[16] J. G. Lee, “Convergence study related in development of
new intraoral jaw bone distractor in treating dentofacial
deformities”, Journal of the Korea Convergence Society,
Vol. 7, No. 6, pp. 75-80, December, 2016.

[17] M. S. Reddy MS, R. Sundram R, and H. A. FEid
Abdemagyd, “Application of finite element model in
implant dentistry: A Systematic Review”, Journal of
pharmacy & bioallied sciences, Vol. 11, No. 2, pp. 85-91,
May, 2019.

[18] H. Kim, P. Jiirgens, S. Weber, L. P. Nolte, and M. Reyes,
“A new  soft-tissue simulation strategy ~ for
cranio-maxillofacial surgery using facial muscle template
model”, Progress in biophysics and molecular biology, Vol.
103, No. 2-3, pp. 284-291, December, 2010.

1037

http://www.dcs.or.kr



X|(J. DCS) Vol. 21, No. 6, pp. 1033-1038, Jun. 2020

0[X}7|(Jae-Gi Lee)

9 (2] 9 spubal, 4

v e}

L

D AA

2012

1038

http://dx.doi.org/10.9728/dcs.2020.21.6.1033



	삼차원 시뮬레이션을 통한 눈둘레근과 눈물주머니의 눈물 분비 기능과 관련된 해부학 교육 콘텐츠 제작
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 연구 방법
	Ⅲ. 연구 결과
	Ⅳ. 결론
	참고문헌


