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         Successful lacrimal surgery begins with a thorough 
history and clinical examination, both of which 
guide the surgeon to the correct diagnosis and 
appropriate management. A thorough understand-
ing of all relevant anatomy will further optimize the 
surgical outcome. The following components of 
the lacrimal drainage system anatomy will be 
 discussed in detail:
    1.    Embryology   
   2.    Osteology   
   3.    Nasal and paranasal sinuses   
   4.    Secretory lacrimal system   
   5.    Excretory lacrimal system     

   Embryology 

 Familiarity with lacrimal system embryology is 
necessary to understand congenital abnormalities 
of the nasolacrimal drainage system. The orbital 
walls are embryologically derived from neural 
crest cells. Ossifi cation of the orbital walls is 
completed by birth except at the orbital apex. The 
lesser wing of the sphenoid is initially cartilagi-
nous and undergoes endochondral ossifi cation, 

unlike the greater wing of the sphenoid and other 
orbital bones that develop via intramembranous 
ossifi cation. The membranous bones surrounding 
the lacrimal excretory system are well developed 
at 4 months of embryologic age and ossify by 
birth. 

 The lacrimal gland begins development at the 
22- to 25-mm embryologic stage as solid epithe-
lial buds arise from the ectoderm of the supero-
lateral conjunctival fornix [ 1 – 5 ]. Mesenchymal 
condensation around these buds forms the secre-
tory lacrimal gland. The early epithelial buds 
form the orbital lobe in the fi rst 2 months, 
whereas the secondary buds, which appear later 
in the 40- to 60-mm stage, develop into the palpe-
bral lobe [ 1 – 3 ]. Canalization of the epithelial 
buds to form ducts occurs, on average, at the 
60-mm stage, but may be seen in as early as the 
28.5-mm stage [ 1 ,  3 ,  5 ]. The developing tendon 
of the levator palpebrae superioris muscle divides 
the gland into two lobes around the tenth week of 
development [ 1 ,  5 ]. The lacrimal gland continues 
to develop until 3–4 years after birth [ 3 ]. 

 The excretory system begins its develop-
ment at an earlier stage. In the 7-mm embryo, a 
depression termed the naso-optic fi ssure devel-
ops, bordered superiorly by the lateral nasal 
process and inferiorly by the maxillary pro-
cess. The naso- optic fi ssure or groove gradu-
ally shallows as the structures bordering it 
grow and coalesce. Before it is completely 
obliterated, however, a solid strand of surface 
epithelium thickens along the fl oor of the 
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 rudimentary fi ssure extending from the orbit to 
the nose. The thickened cord of  epithelium 
becomes buried to form a rod connected to the 
surface epithelium at only the orbital and nasal 
ends. This separation from the surface typi-
cally occurs at 43 days of embryologic age [ 6 ]. 
The superior end of the rod enlarges to form 
the lacrimal sac, and gives off two columns of 
cells that grow into the eyelid margins to 
become the canaliculi [ 7 ,  8 ]. 

 Canalization of this nasolacrimal ectodermal 
rod begins at the fourth month or the 32- to 
36-mm stage of development, proceeding fi rst in 
the lacrimal sac, the canaliculi, and lastly in the 
nasolacrimal duct [ 7 – 9 ]. The central cells of the 
rod degenerate by necrobiosis, forming a lumen 
closed at the superior end by conjunctival and 
canalicular epithelium and closed at the inferior 
end by nasal and nasolacrimal epithelium. The 
superior membrane at the puncta is usually com-
pletely canalized when the eyelids separate at 
7 months of gestation, and therefore is normally 
patent by birth. In contrast, the inferior mem-
brane (Valve of Hasner) frequently persists in 
newborns, resulting in congenital nasolacrimal 
obstruction [ 10 – 12 ]. Abnormalities of develop-
ment in this region, occurring typically after the 
fourth month of gestation, can result in congeni-
tal absence of any segment of the nasolacrimal 
system, supernumerary puncta, and lacrimal fi s-
tulae [ 6 – 9 ,  12 – 15 ]. 

 Embryologically the bony nose is formed by 
the frontonasal process. The nasal septum bisects 
the nasal cavity and comprises three portions:
•    The bony perpendicular plate of the ethmoid 

(superoanterior).  
•   The vomer (posterior and anteroinferior), a 

cartilaginous anterior triangle.  
•   The inferior membranous columella that 

divides the nares anteriorly.    
 During the sixth week of embryologic devel-

opment, before cartilage forms in the walls of the 
primitive nasal cavities, linear outgrowths of the 
lining epithelium occur on the sides and roof of 
each nasal side. Each outgrowing gutter becomes 
a meatus, whereas the ridges left behind form the 
turbinates [ 8 ,  16 ].  

   Osteology 

 Whitnall described the orbital rim as a spiral with 
its two ends overlapping medially on either side 
of the lacrimal sac fossa [ 16 ]. The medial orbital 
rim is formed anteriorly by the frontal process of 
the maxillary bone rising to meet the maxillary 
process of the frontal bone. The lacrimal sac 
fossa is a depression in the inferomedial orbital 
rim, formed by the maxillary and lacrimal bones. 
It is bordered by the anterior lacrimal crest of the 
maxillary bone and the posterior lacrimal crest of 
the lacrimal bone. The fossa is approximately 
16-mm high, 4- to 9-mm wide, and 2-mm deep 
[ 16 ,  17 ], and is narrower in women [ 18 ]. The 
fossa is widest at its base, where it is confl uent 
with the opening of the nasolacrimal canal. On 
the frontal process of the maxilla just anterior to 
the lacrimal sac fossa, a fi ne groove termed the 
 sutura notha  or  sutura longitudinalis imperfecta  
of Weber runs parallel to the anterior lacrimal 
crest (Fig.  1.1 ) [ 16 ]. It is a vascular groove 
through which small twigs of the infraorbital 
artery pass through to supply the bone and nasal 
mucosa, and should be anticipated during lacri-
mal surgery to avoid bleeding.

   The medial orbital wall is formed, from ante-
rior to posterior, by the:
•    Frontal process of the maxilla  
•   Lacrimal bone  
•   Ethmoid bone  
•   Lesser wing of the sphenoid bone    

 The thinnest portion of the medial wall is the 
lamina papyracea, which covers the ethmoid 
sinuses laterally. The many bullae of ethmoid 
pneumatization appear as a honeycomb pattern 
medial to the ethmoid bone (Fig.  1.2 ). The medial 
wall becomes thicker posteriorly at the body of 
the sphenoid, and again anteriorly at the posterior 
lacrimal crest of the lacrimal bone.

   The frontoethmoidal suture is important in 
orbital bony decompression or lacrimal surgery as 
it marks the roof of the ethmoid sinus, or the fovea 
ethmoidalis. Bony dissection superior to this 
suture may expose cerebrospinal fl uid and the dura 
of the cranial cavity. The anterior and posterior 
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ethmoidal foramina, conveying branches of the 
ophthalmic artery and the nasociliary nerve, are 
located at the frontoethmoidal suture, approxi-
mately 24- and 36-mm posterior to the anterior 
lacrimal crest, respectively (Fig.  1.3 ) [ 19 ]. Piagkou 
et al. found high anatomic variation, however, with 
anywhere from 1 to 6 ethmoidal foramina present 
in 249 human orbit specimens, with 61 % having 2 
foramina [ 20 ].

   The anterior lacrimal crest is an important land-
mark during external dacryocystorhinostomy sur-
gery, as it represents the anterior border of the 
lacrimal sac fossa. In addition, the anterior limb of 
the medial canthal tendon attaches to the superior 
aspect of the anterior lacrimal crest. This attach-
ment of the medial canthal tendon is often detached 
from the underlying bone along with the periosteum 
in order to gain better exposure during surgery. 

  Fig. 1.1    Bony anatomy of 
the lacrimal sac fossa and 
medial orbital wall. The 
anterior and posterior 
lacrimal crests are formed 
by the maxillary and 
lacrimal bones, 
respectively       

  Fig. 1.2    The ethmoidal air 
cells are medial to the 
removed lacrimal bone, 
and may extend anteriorly 
to pneumatize the 
maxillary bone of the 
lacrimal sac fossa       
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 A vertical suture runs centrally between the 
anterior and posterior lacrimal crests, represent-
ing the anastomosis of the maxillary bone to the 
lacrimal bone (see Fig.  1.1 ). A suture located 
more posteriorly within the fossa would indicate 
predominance of the maxillary bone, whereas a 
more anteriorly placed suture would indicate 
predominance of the lacrimal bone. The lacrimal 
bone at the lacrimal sac fossa has a mean thick-
ness of 106 μm, which allows it to be easily pen-
etrated to enter the nasal cavity at surgery [ 21 ]. 
In a patient with a maxillary bone dominant 
fossa, the thicker bone makes it more diffi cult to 
create the osteotomy. Twenty-fi ve percent of 
Caucasian orbits are estimated to have a fossa 
that is equal parts maxillary and lacrimal bones, 
but up to a third may have a predominant maxil-
lary bone [ 22 ]. 

 At the confl uence of the medial and inferior 
orbital rims, at the base of the anterior lacrimal 
crest, a small lacrimal tubercle may be palpated 
externally to guide the surgeon to the lacrimal sac 
located posterior and superior to it. In 28–34 % of 
orbits, the tubercle may project posteriorly as an 
anterior lacrimal spur [ 16 ,  23 ]. 

 The nasolacrimal canal originates at the base 
of the lacrimal sac fossa, and is formed by the 
maxillary bone laterally and the lacrimal and 
inferior turbinate bones medially. The width of 
the superior opening of the canal measures, on 
average, 4–6 mm [ 16 ]. The duct courses posteri-
orly and laterally in the bone shared by the medial 
wall of the maxillary sinus and the lateral nasal 
wall for 12 mm, on average, to drain into the 
 inferior meatus of the nasal cavity [ 24 ].  

   Nasal and Paranasal Sinuses 

 Knowledge of sinus anatomy enhances the under-
standing of surgical relationships to the orbit, and 
is particularly important in endonasal approaches. 
The bones forming the orbital fl oor, roof, and 
medial wall are pneumatized by air sinuses aris-
ing from the primitive nasal cavities. They retain 
communication with the nasal cavity and are thus 
lined by the nasal mucous membrane. The sinuses 
appear in early childhood, increase actively 
 during puberty, and may continue to grow until 
30 years of age [ 16 ]. 

  Fig. 1.3    Anteroposterior 
distances of the foramina 
from the anterior lacrimal 
crest. The ostium of the 
maxillary sinus lies 
approximately in a vertical 
line to the anterior 
ethmoidal foramen       
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 The maxillary sinus is the largest of the para-
nasal sinuses, measuring 15 cm 3  [ 16 ]. The roof of 
the maxillary sinus forms the orbital fl oor that 
declines from the medial wall to the lateral wall at 
an angle of approximately 30°. The maxillary 
sinus drains into the hiatus semilunaris within the 
middle meatus through an ostium located near the 
level of the orbital fl oor, immediately inferior to 
the central portion of the maxilloethmoidal orbital 
strut. The ostium measures, on average, 24 mm 
from the orbital rim, which is approximately in a 
vertical line to the anterior ethmoidal foramen in 
the medial orbital wall (see Fig.  1.3 ) [ 25 ]. 

 The ethmoid sinuses are the fi rst to develop, 
reaching adult confi guration at as early as 12 
years of age [ 26 ]. Ethmoid bullae are particularly 
exuberant in their expansion, and frequently 
extend past the suture of the ethmoid bone and 
even into the lacrimal and maxillary bones of the 
lacrimal sac fossa (see Fig.  1.2 ) [ 27 ,  28 ]. The eth-
moid sinuses are shaped like a rectangular box, 
slightly wider posteriorly where they articulate 
with the sphenoid sinus. The ethmoid sinuses 
comprise three main groups of air cells:
•    Anterior—drain into the middle meatus  
•   Middle—drain into the middle meatus  
•   Posterior—drain into the superior meatus    

 The roof of the orbit slopes down as it travels 
medially, and this slope continues at the fronto-
ethmoidal suture to become the roof of the eth-
moid sinus, or  fovea ethmoidalis.  The ethmoid 
roof continues to slope inferiorly and medially to 
overlie the nasal cavity as the cribriform plate. 
The crista galli bisects the cribriform plate on its 
superior aspect, and continues inferiorly as the 
vertical nasal plate, or vomer. Because of this 
sloping, which is most prominent over the ante-
rior ethmoid air cells, it is important to know the 
individual anatomy before surgery to avoid inad-
vertent cerebrospinal fl uid leak or more severe 
intracranial injury [ 29 ]. 

 The anatomic relationship of the anterior eth-
moid air cells to the lacrimal sac fossa is important 
to understand before performing dacryocystorhi-
nostomy in order to avoid confusion between the 
ethmoid and nasal cavities during creation of 
the ostium. A close anatomic relationship between 
the anterior ethmoid air cells, termed the agger nasi 

cells, to the lacrimal sac fossa has been demon-
strated in several past studies [ 26 – 28 ,  30 – 33 ]. 
These agger nasi bullae may pneumatize the lacri-
mal bone, and rarely extend into the frontal  process 
of the maxillary bone. A study by Whitnall in 1911 
described the location of the anterior ethmoid air 
cells being:
•    directly medial to the lacrimal sac fossa in 

86 % of skulls [ 27 ]  
•   extending anteriorly to the vertical maxillary- 

lacrimal suture in 32 % of skulls  
•   and extending farther to the anterior lacrimal 

crest in an additional 54 %    
 The ethmoid cells were located consistently in 

the superior half of the fossa, with the inferior 
half of the fossa directly adjacent to the middle 
meatus of the nasal cavity. 

 Similarly, Blaylock et al. reviewed computed 
tomography (CT) scans of 190 orbits and found 
that in 93 % of the orbits, the anterior ethmoid 
cells extended anterior to the posterior lacrimal 
crest, with 40 % extending anterior to the 
maxillary- lacrimal bone suture and entering the 
frontal process of the maxilla [ 28 ]. In only 7 % of 
orbits was the nasal cavity directly adjacent to the 
entire lacrimal sac fossa. As described by 
Whitnall, the anterior extension of the air cells 
was most prominent adjacent to the superior half 
of the lacrimal sac fossa [ 26 – 28 ,  30 ,  32 ,  34 ]. The 
ethmoid air cells and sinus mucosa should thus 
be removed to create a proper osteotomy. 

 Understanding the anatomic relationship of 
the lacrimal sac fossa to the ethmoid sinus also 
helps avoid complications such as inadvertent 
dacryocystorhinostomy fi stulization into the eth-
moid sinus, cerebrospinal fl uid leakage, orbital 
hemorrhage, and trauma to subsequent scarring 
of the nasal mucosa and nasal septum [ 35 ]. 

 Laterally, the nasal wall has three or more 
horizontal ridges termed turbinates, with a cor-
responding meatus below each (Fig.  1.4 ). The 
inferior turbinate is the largest, arising from the 
medial wall of the maxillary sinus. The smaller 
and more posterior middle, superior, and supreme 
(if present) turbinates are outcroppings of the 
ethmoid bone. The supreme turbinate may be 
found in up to 65 % of patients. The inferior tur-
binate is visualized by directing a nasal speculum 
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parallel to the fl oor of the nasal cavity. The nasal 
vestibule is the large cartilaginous anterior dilata-
tion of the nose above the nares, covered by squa-
mous epithelium with hair follicles, to which the 
silicone tubes may be secured during surgery.

   The middle turbinate originates posteriorly 
from the roof of the nose at the cribriform plate, 
and arises anteriorly from the medial wall of the 
maxillary sinus. The lacrimal sac fossa lies ante-
rior and lateral to the anterior tip of the middle 
turbinate, thus the entry in an external dacryocys-
torhinostomy is at the anterior tip of the middle 
turbinate (Fig.  1.5 ). An ostium achieved by the 
endoscopic approach is usually more inferior to 
the routine external site.

   Within the middle meatus lies a curvilinear 
gutter, the hiatus semilunaris, into which the 
ostium of the maxillary sinus drains. It is bor-
dered inferiorly by a bony ridge termed the 
uncinate process, and superiorly by the bulla 
ethmoidalis prominence which represents the 
most anterior ethmoid air cells (Fig.  1.6 ) [ 36 ]. 
The ethmoid (anterior and middle), frontal, and 
maxillary sinuses empty into the middle meatus. 
The frontonasal duct drains the frontal sinus 
into the anterosuperior portion of the hiatus 
semilunaris.

     Secretory System 

   Lacrimal Gland and Accessory Glands 
 The primary lacrimal gland is located in the supe-
rotemporal orbit in a shallow lacrimal fossa of 
the frontal bone. The gland is composed of 
numerous acini (lobular clusters of secretory 
cells) that drain into progressively larger tubules 
and ducts. The acini are made up of a basal myo-
epithelial cell layer with inner columnar secre-
tory cells. Contraction of the myoepithelial cells 
helps force secretions into the tubules and drain-
age ducts [ 37 ]. 

 The gland measures 20 × 12 × 5 mm and is 
divided by the lateral horn of the levator aponeuro-
sis into a larger orbital lobe, and a lesser palpebral 
lobe below [ 38 ,  39 ]. The size of the lacrimal gland 
decreases with age but does not vary by gender 
[ 40 ]. The orbital lobe is the larger of the two lobes 
and lies posterior to the orbital septum and preapo-
neurotic fat and anterior to the levator aponeurosis 
[ 38 ]. Two to six secretory ducts from the orbital 
lobe of the lacrimal gland pass through the palpe-
bral lobe or along its fi brous capsule, joining with 
ducts from the palpebral lobe to form 6–12 tubules 
that empty into the superolateral conjunctival for-
nix 4–5 mm above the tarsus [ 37 ,  41 ]. 

  Fig. 1.4    Endonasal 
sagittal view. Each nasal 
turbinate has a correspond-
ing meatal space    located 
immediately below ( FS  
frontal sinus,  IT  inferior 
turbinate,  MT  middle 
turbinate,  NV  nasal 
vestibule,  S  supreme 
turbinate,  SS  sphenoid 
sinus,  ST  superior 
turbinate)       
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  Fig. 1.5    Endonasal site of 
a dacryocystorhinostomy 
ostium. Transillumination 
through the lacrimal sac 
fossa demonstrates its 
location at the anterior tip 
of the middle turbinate 
( FS  frontal sinus,  IT  
inferior turbinate,  MT  
middle turbinate,  SS  
sphenoid sinus,  ST  superior 
turbinate)       

  Fig. 1.6    Endonasal view 
of lateral nasal wall with 
turbinates removed ( BE  
bulla ethmoidalis,  FS  
frontal sinus,  HS  hiatus 
semilunaris,  IT  inferior 
turbinate,  MT  middle 
turbinate,  O-MS  ostium of 
maxillary sinus,  SS  
sphenoid sinus,  UP  
uncinate process, * 
ethmoid ostia)       
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 Accessory lacrimal glands, located in the 
 conjunctival fornices and along the superior 
 tarsal border, are comprised of:
•    Accessory glands of Krause—20–40 in the 

superior conjunctival fornix and 10–20 in the 
lower conjunctival fornix.  

•   Accessory glands of Wolfring—located in the 
upper lid superior tarsal border [ 38 ,  42 ].    
 The lacrimal gland receives innervation from 

cranial nerves V and VII, as well as from the 
sympathetics of the superior cervical ganglion 
[ 43 ]. The lacrimal branch of the ophthalmic divi-
sion of the trigeminal nerve carries sensory stim-
uli from the lacrimal gland. The lacrimal gland 
receives arterial supply from the lacrimal artery, 
with contributions from the recurrent meningeal 
artery and a branch of the infraorbital artery. 
The intraorbital venous drainage travels adjacent 
to the artery and drains into the superior ophthal-
mic vein. 

 Parasympathetic secretomotor innervation 
to the lacrimal gland is more complex. 
Parasympathetic secretomotor fi bers originate in 
the lacrimal nucleus of the pons, and travel a long 
course within the nervus intermedius, the greater 
superfi cial petrosal nerve, deep petrosal nerve, 
and the vidian nerve to fi nally synapse in the pter-
ygopalatine ganglion [ 34 ]. Postganglionic para-
sympathetic fi bers leave the pterygopalatine 
ganglion via the pterygopalatine nerves to inner-
vate the lacrimal gland [ 44 ,  45 ]. In addition, some 
fi bers may join the zygomatic nerve as it branches 
from the maxillary division of the trigeminal 
nerve and enters the orbit through the inferior 
orbital fi ssure. Branches of the zygomatic nerve 
may ascend and enter the posterior surface of the 
lacrimal gland either alone or in combination with 
the lacrimal nerve [ 38 ]. However, an anatomic 
study by Ruskell in 2004 found that parasympa-
thetic fi bers traveled along a branch of the middle 
meningeal artery through the superior orbital fi s-
sure before joining the ophthalmic or lacrimal 
artery to supply the lacrimal gland [ 46 ]. This was 
in contrast to the traditional assumption that sec-
retomotor nerves pass to the gland via the zygo-
matic and lacrimal nerves. 

 Sympathetic nerves enter with the lacrimal 
artery and along with parasympathetics in the 

zygomatic nerve. The zygomatic branch of the 
maxillary trigeminal nerve gives off the lacrimal 
branch before dividing into zygomaticotemporal 
and zygomaticofacial branches. This lacrimal 
branch anastomoses with the lacrimal nerve of 
the ophthalmic trigeminal nerve or travels along 
the periorbita to independently enter the gland at 
its posterolateral aspect.   

   Excretory System 

   Lacrimal Drainage System 
 The lacrimal excretory pathway begins at a 0.3- 
mm opening on each medial eyelid termed the 
punctum [ 16 ,  41 ]. Because of more rapid growth 
of the maxilla compared with the frontal bone 
during embryologic development, the lateral 
migration pulls the inferior canaliculus laterally, 
resulting in the lower eyelid punctum being 
located slightly lateral to the upper eyelid punc-
tum [ 8 ]. The punctal opening widens into the 
ampulla, which is 2 mm in height and oriented 
perpendicular to the eyelid margin, before making 
a sharp turn into the canaliculi which run parallel 
to the eyelid margins. The canaliculi, measuring 
8–10 mm in length and 0.5–1.0 mm in diameter, 
are lined with stratifi ed squamous epithelium and 
surrounded by orbicularis muscle (Fig.  1.7 ).

   The superior and inferior canaliculi merge 
into a common canaliculus before entering the 
nasolacrimal sac in more than 90 % of individu-
als [ 41 ,  47 ]. In a large study using digital subtrac-
tion dacryocystograms, the common canaliculus 
was present in 94 % of lacrimal drainage sys-
tems. The upper and lower canaliculi joined at 
the wall of the lacrimal sac without a common 
canaliculus in an additional 4 %, with only 2 % of 
systems having completely separate drainage of 
the upper and lower canaliculi into the lacrimal 
sac [ 48 ]. More recent studies of human cadaver 
lacrimal systems have found distinct orifi ces in 
anywhere from <1 % to as high as 10 % of speci-
mens [ 49 ,  50 ]. The common internal punctum 
visualized within the lacrimal sac during dacryo-
cystorhinostomy surgery should be free of any 
mucosal membrane or fi brous stricture for long- 
term surgical success. 
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 Tucker demonstrated a consistent pattern of 
angulation within the canalicular system [ 51 ]. 
The canaliculi fi rst angle posteriorly behind the 
medial canthal tendon. They then bend at the 
canaliculus–common canaliculus junction at an 
angle of 118°, before passing anteriorly to enter 
the lacrimal sac at an acute angle of 58°. This 
consistent angulation may contribute to a valve- 
like effect that prevents retrograde fl ow from the 
lacrimal sac. The functional valve between the 
common canaliculus and the lacrimal sac has tra-
ditionally been attributed to the valve of 
Rosenmüller, although some studies have been 
unable to document this structure [ 6 ]. 

 The nasolacrimal sac and duct are portions of 
the same continuous structure (Figs.  1.7  and  1.8 ).
•     Both are lined by non-ciliated columnar 

epithelium.  
•   The total sac measures a length of 12–15 mm 

vertically and 4–8 mm anteroposteriorly.  
•   The fundus of the sac extends 3–5 mm above 

the medial canthal tendon.  

•   The body of the sac measures, on average, 
10 mm in height [ 41 ].    
 The sac rests in the lacrimal sac fossa, with its 

medial aspect tightly adherent to the periosteal 
lining of the fossa. The lower nasolacrimal fossa 
and the nasolacrimal duct are narrower in females, 
which may account for the female predominance 
of nasolacrimal obstruction [ 18 ]. Traditionally it 
is taught that the nasolacrimal duct travels infero-
laterally and slightly posteriorly in its bony course 
to the inferior turbinate for an interosseous dis-
tance of approximately 12 mm. Recent studies 
have challenged this notion and shown the bony 
nasolacrimal canal to often be parallel to the sagit-
tal plane or even inclined medially [ 52 ]. The long 
axis of the duct and canal forms an angle of 
15–25° posterior to the frontal plane, or in a line 
connecting the medial commissure to the fi rst 
molar tooth (Fig.  1.9 ) [ 16 ]. The nasolacrimal duct 
ostium within the inferior meatus is located 
25–30 mm posterior to the lateral margin of the 
anterior nares [ 16 ].

  Fig. 1.7    Approximate 
dimensions of the lacrimal 
excretory system ( BE  bulla 
ethmoidalis,  IT  inferior 
turbinate,  MS  maxillary 
sinus,  MT  middle 
turbinate)       
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  Fig. 1.8    Anatomic 
dissection of the lacrimal 
drainage system within the 
bony wall between the 
nasal cavity and maxillary 
sinus. The nasolacrimal 
duct drains into the inferior 
meatus ( C-i  inferior 
canaliculus,  C-s  superior 
canaliculus,  IM  inferior 
meatus,  MS  maxillary 
sinus,  NLD  nasolacrimal 
duct,  NLS  nasolacrimal 
sac,  NS  nasal septum)       

  Fig. 1.9    The nasolacrimal 
duct travels inferolaterally 
and slightly posteriorly in 
its bony course to the 
inferior turbinate, forming 
an angle of approximately 
15–25° posterior to the 
frontal plane       
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   Wormald et al. used CT dacryocystograms to 
evaluate the relationship of the lacrimal sac to the 
insertion of the middle turbinate on the lateral 
nasal wall in 76 patients [ 53 ]. The mean height of 
the lacrimal sac above the middle turbinate inser-
tion was measured to be 8.8 mm and below it was 
4.1 mm. 

 Multiple mucosal folds and sinuses have been 
reported within the lacrimal drainage system, 
although their role and presence are unclear:
•    Valve of Rosenmüller—located at the junction 

of the common canaliculus and sac  
•   Valve of Krause—located between the sac and 

duct  
•   Valve of Hasner ( plica lacrimalis )—located at 

the opening of the duct into the inferior meatus 
of the nose [ 54 ]    
 The inferior oblique muscle arises from a 

shallow depression in the orbital plate of the 
maxilla at the anteromedial corner of the orbital 
fl oor just lateral to the lacrimal excretory fossa. 
Care must be taken during external dacryocysto-
rhinostomy surgery to delimit the bony ostium to 
just medial to this depression. 

 The superfi cial pretarsal orbicularis oculi mus-
cles envelope the canaliculi as they traverse the 
medial eyelids and medial canthal region. The lac-
rimal sac is ensheathed in the lacrimal fascia, 

which consists of the periorbital lining that splits 
at the posterior lacrimal crest into one layer that 
lines the fossa, and another layer that encases the 
lateral sac to reach the anterior lacrimal crest. 
Additionally, the lacrimal sac is wrapped by the 
thick anterior and thin posterior limbs of the 
medial canthal tendon (Fig.  1.10 ). Almost imme-
diately after the medial canthal tendon arises from 
the tarsal plates, it divides into a thicker anterior 
limb that wraps along the anterior upper half of the 
lacrimal sac before inserting onto the anterior lac-
rimal crest, and a very thin posterior limb that 
passes behind the sac to insert onto the posterior 
lacrimal crest (Fig.  1.10 ). However, in a recent 
study, Poh et al. studied the histology of the struc-
ture typically identifi ed as the posterior limb of the 
medial canthal tendon and found it to be  composed 
of Horner’s muscle and the lacrimal diaphragm 
[ 55 ]. Horner- Duverney muscle  ( tensor tarsi  or 
 pars lacrimalis)  is classically taught as being the 
deep portion of the pretarsal orbicularis muscle 
that passes posterior to the lacrimal sac and the 
posterior limb of the medial canthal tendon, and 
inserts onto the upper posterior lacrimal crest [ 7 , 
 16 ,  41 ,  56 ]. The orbital septum inserts along or just 
posterior to the inferior posterior lacrimal crest.

   Creation of a large osteotomy helps to increase 
the chance of success of dacryocystorhinostomy 

  Fig. 1.10    Relationship of 
the medial canthal tendon 
to the lacrimal sac. The 
thick anterior limb of the 
medial canthal tendon 
wraps along the anterior 
upper half of the lacrimal 
sac to insert onto the 
anterior lacrimal crest, 
while the thin posterior 
limb passes behind the sac 
to insert onto the posterior 
lacrimal crest ( LCT  lateral 
canthal tendon,  MCT-a  
medial canthal tendon-
anterior limb,  MCT-p  
medial canthal tendon-
posterior limb,  NLS  
nasolacrimal sac,  SN  sutura 
notha,  T  tarsus)       

 

1 Anatomy of the Lacrimal System



12

surgery. As much as one-third of the lacrimal sac 
may lie above the medial canthal tendon; there-
fore, to create an adequate osteotomy for apposi-
tion of the entire lacrimal sac and nasal mucosa, 
the osteotomy should extend superior to the level 
of the medial canthal tendon. Bone may be care-
fully removed with the rongeur or drill until 
thickening of the frontal bone is noted, as the 
anterior cranial fossa will lie slightly above the 
medial canthal tendon level. This point should 
generally lie 5 mm or more above the common 
internal punctum. One study found that the 
oblique distance between the common internal 
punctum and the most anterior aspect of the crib-
riform plate was 25 ± 3 mm [ 57 ]. Using a retro-
spective study of coronal maxillofacial CT scans 
from 40 adults, McCann found that the mean ver-
tical dimension between the medial canthal ten-
don and the level of the cribriform plate was 
17 ± 4 mm [ 58 ]. 

 The angular artery branch of the facial artery 
runs along the line of the nasojugal skinfold and 
passes superfi cial to the medial canthal tendon. 
The angular vein courses immediately lateral to 
the artery, with both vessels located approxi-
mately 5 mm anteromedial to the anterior lacri-
mal crest, or 8 mm medial to the medial 
commissure of the eyelids [ 16 ].   

   Lacrimal Pump 

 The lacrimal pump theory was popularized by 
Jones, in which he proposed that contraction of the 
pretarsal orbicularis muscle fi bers during eyelid 
closure compresses and shortens the canaliculi, 
pumping tears toward the lacrimal sac [ 7 ,  41 ]. 
Furthermore, simultaneous lateral movement of 
the lateral lacrimal sac from contraction of the 
deep head of the preseptal orbicularis muscle was 
thought to generate a negative pressure within the 
lacrimal sac that draws tears into the sac from the 
canaliculi. In contrast, other anatomic and physio-
logic studies have found that a positive-pressure 
mechanism, rather than a negative-pressure mech-
anism, is responsible for the lacrimal pump during 
eyelid closure [ 56 ,  59 – 63 ]. Thale used histologi-
cal, immunohistochemical, and scanning electron 

microscopic techniques to demonstrate that the 
wall of the lacrimal sac is composed of collagen, 
elastic, and reticular fi ber bundles arranged in a 
helical pattern. He proposed that the lacrimal sac 
distends and is pulled superolaterally because of 
its medial attachments when the lacrimal orbicu-
laris muscle contracts with blinking. In addition, 
the helical collagen and elastic fi bers encircling 
the sac may result in the sac being “wrung out” as 
another proposed mechanism for lacrimal drain-
age [ 64 ,  65 ]. However, using magnetic resonance 
dacryocystography, Amrith et al. demonstrated 
that there is no change in lacrimal sac volume dur-
ing eyelid closure [ 66 ]. Clearly, the lacrimal pump 
mechanism remains to be fully elucidated.      

  Disclosure    The authors have no fi nancial or proprietary 
interest in the materials presented in the manuscript.  
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