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Purpose: To establish the accurate surgical anatomy of endonasal dacryocystorhinostomy (DCR) based on
the radiological analysis of underlying bony structures.

Design: Prospective noncomparative observational case series study.
Participants: Fifty-nine patients with complete nasolacrimal stenosis underwent a computed tomodensito-

metry (CT) scan before endonasal DCR.
Methods: High-resolution CT scanning with contrast injection of the lacrimal sac was performed. Image

reconstruction was performed to obtain continuous 1.0-mm axial and coronal sections for review.
Main Outcome Measures: Relationship of the lacrimal fossa (LF) to the operculum of the middle turbinate

(OMT), the uncinate process (UP), and the frontal recess (FR); symmetry of the right and left anatomies; location of the
OMT; position of the most anterior insertion of the UP with respect to 2 main references (the posterior lacrimal crest
and the junction between the maxillary and lacrimal bones) on axial sections at 3 different levels (upper, intermediate,
and lower of the LF); height of the LF; and distance of the OMT from the lower limit of the LF.

Results: The OMT, the UP, and the FR were adjacent to the LF in 41 (53.2%), 73 (94.8%), and 23 cases
(29.9%), respectively. There was a right–left symmetry in 10 of 18 patients (55%). The OMT was always anterior
to the junction between the maxillary bone and the lacrimal bone. The UP was more frequently posterior (32.5%)
or adjacent (45.5%) to the LF at the lower level, adjacent to the maxillary bone (55.8%) at the intermediate level,
and adjacent to the middle turbinate (61%) at the upper level. The height of the LF was 12.06�1.93 mm. The OMT
was located 5.96�2.05 mm upward from the lower limit of the LF.

Conclusion: The almost constant overlapping of the UP onto the LF at the level of the common canaliculus
indicates that the most effective approach for successful DCR osteotomy is via a submucosal cleavage and resection
of the anterior part of the UP. The management of these landmark structures should be an integral part of the

endonasal DCR method. Ophthalmology 2005;112:1119–1128 © 2005 by the American Academy of Ophthalmology.
Analysis of the outcome of external dacryocystorhinostomy
(DCR) shows that the lacrimal fossa (LF) and the upper
section of the nasolacrimal canal must be removed to im-
prove the success rate.1 The common canaliculus must
remain free of any bony obstruction at the end of the
procedure,2,3 and the area of bony resection around this
landmark should be at least 3 to 5 mm in diameter.1,4

Surprisingly, this fundamental guideline is still not
clearly adopted for endonasal DCR. The size and location of
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the required osteotomy,5,6 as well as the extent of associated
surgical resections, seem to vary considerably from one report
to another. The area of the osteotomy may vary, from 25
square millimeters7,8 to 225 square millimeters,9,10 whereas the
average area of the LF is 120 mm2 in adults. The osteotomy is
usually located at the lower part of the LF,11 but may also be
performed at the level of the common canaliculus.12 Published
reports on endonasal DCR reveal more technical disparities
regarding associated surgical resections. The anterior part of
the middle turbinate is resected in 0% to 30% of cases,12–16

whereas septoplasty is performed in �1%12 to �40% of
cases.17–19 The need to remove the uncinate process (UP) is
even more controversial.9,10,17

There is no clear rationale for such discrepancies. This
lack of standardization suggests that, a century after the
pioneering work of Caldwell,20 the development of endo-
nasal DCR is still impaired by the lack of undisputable
consistent anatomical references.

Optimizing endonasal DCR can be based only on a
comprehensive understanding of the medial anatomy of the
LF (Fig 1). Main endonasal landmarks include the opercule
of the middle turbinate (OMT) and the UP. The OMT (also
termed axilla21 or neck of the middle turbinate6) is the most
anterior insertion of the middle turbinate onto the lateral

wall of the nasal fossa. The UP (also termed unciform
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process, from the French Processus unciforme) is part of the
anterior ethmoid and is a structure distinct from the lacrimal
ridge (formed intranasally by the frontal process of the
maxilla). The UP is the wall of an ethmoid cell, which
consists of a thin helix-shaped bony blade, slightly thicker
than the lacrimal bone itself. The UP usually separates the
middle turbinate from the lateral nasal wall, thus delimiting
the medial meatal group of ethmoidal cells from the lateral
unciformian group.22–25 The development (pneumatization)
of these groups of cells varies greatly, explaining significant
anatomical variations in this structure and its relationship to
the lacrimal fossa.25 A third structure, the frontal recess
(FR), which is the virtual drainage channel of the frontal
sinus through the anterior ethmoid into the nasal fossa, may
be wedged between the lateral LF and the medial uncinate
process (Figs 1, 2).

It is not clear from the anatomical or surgical literature
whether the OMT and the UP are posterior or anterior to the
LF. An anterior location implies that a partial turbinectomy
and/or a partial unciformectomy must be performed to gain
a convenient access to the LF from an endonasal approach.
This may not be required in case of a posterior location.

However, the literature provides little information on
these important anatomical relationships. During the exter-
nal DCR, the osteotomy is usually performed without any
precise visual control of its effect on endonasal structures
such as the middle meatus. Endoscopic studies would pro-
vide additional information but are seldom performed dur-
ing external DCR.26,27 Because a computed tomodensitom-
etry (CT) scan may not contribute significantly to reduce the
morbidity of external DCR, imaging of the lacrimal path-
ways and adjacent bony structures is not usually felt nec-
essary for the success and safety of external DCR.7 Com-
puted tomography studies are therefore rare in the literature
on lacrimal surgery, and are not comprehensive.

Some information on the relationship between the LF
and the constituents of the middle meatus (middle turbinate,
UP, drainage of the frontal recess) is available from publi-

Figure 1. Schematic rendition of the anatomy of the lacrimal fossa (LF)
of the right side. The upper reference level (URL) indicates the cranial
part of the LF. The lower reference level (LRL) shows the caudal part of
the LF. Upper and lower references are based on external osteological or
surgical landmarks. The intermediate reference level (IRL) indicates the
opercule of the middle turbinate (MT). It is an endoscopic landmark. The
vertical position of this reference cannot be inferred from external land-
marks, including upper and lower references previously defined. From an
endoscopic approach, it is not possible to determine the position of the
upper and lower reference based on the opercule landmark. The dotted
line represents the projection of the first ethmoidal cell, according to
Whitnall and Blaylock et al, onto the upper part of the LF. The 3 common
retrolacrimal, lacrimal, and maxillary projections (categories 1–3) are
indicated as posterior, intermediate, and anterior dotted lines, respec-
tively. This diagram matches the common locations of the uncinate
process (UP) reported in this CT scan study. FS � frontal sinus; LT �
lower turbinate; MB � maxillary bone; MB–LB � junction between the
MB and the lacrimal bone; MS � maxillary sinus; PLC � posterior
lacrimal crest. A, External aspect. B, Endonasal aspect. C, Endonasal
aspect after removal of the MT, showing the various locations of the UP.
4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
cations on ear, nose, and throat surgery. Rhinoscopic exam-
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ination provides a good assessment of the middle turbinate,
but the morphology of the submucosal ethmoidal bone
cannot be analyzed accurately. Anatomical studies of the
UP usually focus on its posterior free edge because of its
involvement in functional endoscopic sinus surgery.28–30

The anterior part of the UP, which is inserted into the lateral
wall of the LF and is more relevant to DCR, is generally not
analyzed. Similarly, the many CT scan investigations of the
lateral wall of the nasal fossa usually emphasize the study of
the ethmoidal bone and the maxillary sinus, again providing
only brief descriptions of the lacrimal apparatus.

In a retrospective pilot study of bilateral CT scans with
injection performed in 50 adult patients (Fayet B, Racy E,
Mignon S, et al. Ct-scan analysis of the lacrymal apparatus:
connections between unicinate process and lacrymal bone.
Presented at: European Society of Plastic and Reconstructive
Surgery annual meeting, September, 2000; Paris, France, and
French Society of Ophthalmology annual meeting, May, 2001;
Paris, France), we observed that the uncinate process was
adjacent to the vertical segment of the lacrimal duct in 92% of
cases. Because this study was retrospective and the CT scan
method was not standardized, its results may not be considered
as solid anatomical references.

We have therefore undertaken a prospective standardized
analysis of the anatomy of the LF. During a period of 12
months, adult candidates for endonasal DCR underwent a
preoperative CT scan with injection of the lacrimal sac and
a detailed standardized analysis of the relationship of the
lacrimal apparatus to the bony structures.

Patients and Methods

Design
This prospective nonrandomized CT scan study was conducted on

Figure 2. Cadaver specimen showing the relationship of the lacrimal fossa
(LF) to the opercule of the middle turbinate (OMT)* and the frontal sinus
(FS). A vertical probe is inserted in the frontal recess and sinus. A
horizontal probe is placed in the axis of the lacrimal canaliculi and
perforates the LF at the junction between the lacrimal bone and the
maxillary bone (MB). This probe can be seen posterior to the OMT. The
uncinate process was removed to expose the crossing of the 2 probes at the
medial aspect of the LF. MT � middle turbinate; NS � nasal septum.
59 consecutive adult candidates (46 women and 13 men, ages
58.5�16.4 years) for endonasal DCR, including 18 bilateral cases
(i.e., a total of 77 sides). All patients gave their written informed
consent to the surgery and the routine preoperative CT scan. No
approval by an institutional review board or ethical committee was
required for this study. All patients as part of standard care
underwent a standard radiological analysis of the nasal fossa, the
LF and its relationship to the OMT, the UP, and the FR.

The sole inclusion criterion was the indication for endonasal
DCR based on preoperative diagnosis of a complete nasolacrimal
obstruction. All the patients were given a full explanation of risks
and benefits of both external DCR and endonasal DCR. The
preoperative diagnosis was a result of consultation for chronic
unilateral or bilateral tearing (epiphora), and was ascertained by
probing (positive bony contact) and negative irrigation. Each pa-
tient decided whether to undergo an endonasal DCR or an external
DCR. Only patients scheduled for endonasal DCR were given a
CT scan as part of the routine preoperative workup.

The exclusion criteria were previous surgery on the nose, the
nasal fossa, or the lacrimal apparatus; significant trauma to the
face; malformation of the face, the nasal fossa, or the nose;
associated ear, nose, and throat symptoms or conditions; associ-
ated pathology of the lacrimal canaliculi; age less than 18 years;
incomplete opacification of the lacrimal pathway after injection;
and patient preference for external DCR.

Computed Tomodensitometry Scan Method
Patients were examined in a reclined position. Oxybuprocain eye-
drops were applied in both eyes. The lower canaliculus was probed
with a disposable nonmetallic scialography cannula, then injected
with 20% diluted iopamidol (0.20�370 mg/ml [i.e., 74 mg/ml]) in
saline solution (Schering-Plough, Herouville, France) to obtain a
dacryocystography. A small bolus of contrast agent was injected
before the CT scan. The probe was then removed, and the CT scan
was performed immediately. The first step provided a profile of the
skull (120 kilovolts, 30 milliamperes), which was used to identify
the axial sections of interest, from the base of the frontal sinuses to
the lower end of the nasolacrimal duct and the base of the maxil-
lary sinuses. The second CT scan step consisted of a helicoid
acquisition of 1.3-mm-thick axial sections using standard param-
eters (120 kilovolts, 50 milliamperes, high-resolution bone filter,
512�512 matrix, 0.87 pitch, 18-cm field of view, 180 field size).
An average of 150 sections was obtained in 18 seconds. The
average irradiation was 8.5 mGy. The quality of the axial sections
was checked on screen before the patient was dismissed.

The third step was performed digitally using MXView31 to
reconstruct adjacent 1-mm-thick axial, coronal, and sagittal sec-
tions, without further irradiation of the patient. This continuous
imaging process (1-mm section for each millimeter) provided the
millimetric sections (rendition) required for the most precise anal-
ysis. The optimal window for each section was selected to obtain
the best contrast between bone and the opaque lacrimal duct (N �
600 and L � 1400–1900). The images were enlarged and recorded
on a CD-ROM. All sections, including the lacrimal duct, were
saved, as were 1 in 3 sections of the area excluding the lacrimal
duct. On average, the examination lasted 15 minutes.

Computed Tomodensitometry Scan Analysis
A standardized analysis of CT scans was defined to overcome
significant anatomical variations.

Coronal sections, including the opaque lacrimal sac, were
viewed from the most anterior to the most posterior, to analyze the
relationship of the LF to the OMT, the UP, and the FR.

Axial sections were viewed from lower to upper. Examination

of axial sections was standardized using 2 bony landmarks (Fig 3):
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the posterior lacrimal crest (PLC) and the junction between the
maxillary bone and the lacrimal bone (MB–LB). These structures
were chosen because they are a constant feature, and span the
entire height of the LF. The location of the most anterior insertion
of the uncinate process with respect to these 2 landmarks was
analyzed at 3 reference levels. The upper lacrimal sac (dome)
reference level (URL) was the highest section in which the contrast
agent was observed in the lacrimal sac. The intermediate opercule
reference level (IRL) was the lowest section in which the insertion
of the middle turbinate onto the lateral wall of the nasal fossa was
observed. The lower nasolacrimal reference level (LRL) was the
lowest section in which the nasolacrimal duct became the LF. The
upper and lower reference levels delineate the limits of the osteot-
omy, and are well defined in external DCR (but not in endonasal
DCR). The intermediate level corresponds to the OMT, the most
apparent structure in endonasal DCR (but not in external DCR).

Outcome Variables

Medial Relationships of the Lacrimal Fossa. A structure was
termed “adjacent to the LF” when observed to contact the opaque

Figure 3. Axial computed tomodensitometry scan section showing the 2
the junction between the maxillary bone and the lacrimal bone (MB–LB).
with respect to these 2 landmarks. LS � lacrimal sac (contrast injected);

Figure 4. Coronal computed tomodensitometry scan sections at the level
lacrimal fossa (LF) to the adjacent structures. The LF is visualized by the co
from the lateral wall of the nasal fossa to the lateral wall of the middle turb

fossa). c, Frontal recess (FR) (right nasal fossa).
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lacrimal sac on �1 sections (Fig 4) and was termed “distant from
the LF” in all other cases.

Symmetry of Right and Left Anatomy. The anatomy was
considered symmetric on coronal sections when the OMT, the UP,
and the FR shared a mirror image spatial relationship to the opaque
lacrimal sac with the fellow side.

Location of the Opercule of the Middle Turbinate. The lo-
cation of the OMT was assessed with respect to the MB–LB.

Location of the Uncinate Process. The location of the UP was
assessed based on the relative position of its most anterior part and
assigned to 4 distinct categories. Categories 1 to 3 are identical to
those described previously.32,33 Category 4, not previously re-
ported, was added for clarity:

● Category 1 (retrolacrimal position): the UP is posterior to the
PLC.

● Category 2 (lacrimal position): the UP is anterior to the PLC
and posterior to the MB–LB.

● Category 3 (maxillary position): the UP is inserted anterior to
the MB–LB, onto the maxillary bone.

● Category 4 (turbinal position): the UP is inserted onto the
lateral wall of the middle turbinate.

bony landmarks used in this study, the posterior lacrimal crest (PLC) and
ocation of the anterior insertion of the uncinate process (UP) was assessed
� maxillary bone; MT � middle turbinate.

crista galli bone of the ethmoid, showing the medial relationships of the
t-injected lacrimal sac (LS). a, The uncinate process (UP), which extends
(right nasal fossa). b, Opercule* of the middle turbinate (MT) (left nasal
main
The l
of the
ntras
inate
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Height of the Lacrimal Fossa. Measured as the number of
millimetric axial sections separating the lower and upper reference
levels defined above.

Distance from the Opercule of the Middle Turbinate to the
Lower Limit of the Lacrimal Fossa. Measured as the number of
millimetric axial sections separating the lower and intermediate
reference levels defined above.

Results

Medial Relationship of the Lacrimal Fossa

The anatomical relationships of the medial aspect of the LF, based
on coronal sections (Fig 4), are summarized in Table 1. The OMT
was located adjacent to the LF in 41 cases of 77 scans (53.2%).
The UP was adjacent to the LF in 73 of 77 cases (94.8%). The
drainage of the FR was adjacent to the LF in 23 of 77 cases
(29.9%).

Symmetry of Right and Left Anatomies

On coronal sections, the medial relationship of the LF was sym-
metrical between the right and left sides in 10 of 18 patients (55%)
who had a bilateral lacrimal sac injection.

Location of the Opercule of the Middle Turbinate
with Respect to the Lacrimal Fossa

The OMT was always (100% of cases) anterior to the MB–LB.

Table 1. Anatomical Relationship of the Medial Aspect of the
Lacrimal Fossa to the Anterior Part of the Uncinate Process,

the Opercule of the Middle Turbinate, and the Drainage Point
of the Frontal Recess

Position Relative to the
Lacrimal Fossa Adjacent* Distant

Opercule of the middle turbinate 41/77 (53.2%) 36/77 (46.7%)
Uncinate process 73/77 (94.8%) 4/77 (5.2%)
Frontal recess 23/77 (29.9%) 54/77 (70.1%)

*Observed to contact the opaque lacrimal sac on �1 computed tomo-
densitometry scan sections.

Table 2. Vertical Position of the Uncinate Process (UP

Position of the UP on Axial
Sections

Retrolacrimal
(Category 1)*

Upper reference level (upper
section of the lacrimal
fossa)

4 (5.2%)

Intermediate reference level
(opercule of the middle
turbinate)

4 (5.2%)

Lower reference level (lower
section of the lacrimal
fossa)

25 (32%)

*The UP insertion is posterior to the posterior lacrimal crest.
†The UP insertion is anterior to the posterior lacrimal crest and posterio
‡The UP is inserted onto the maxillary bone.
§
The UP is inserted onto the lateral wall of the middle turbinate.
Location of the Uncinate Process with Respect to
the Lacrimal Fossa
The variation of the location of the anterior insertion of the UP
with respect to the lacrimal fossa was determined on axial sections
and is summarized in Table 2. The UP was more frequently
posterior (32.5%) or adjacent (45.5%) to the LF at the lower level,
adjacent to the maxillary bone (55.8%) at the intermediate level,
and adjacent to the middle turbinate (61%) at the upper level.
These data indicate that the lower segment of the UP is posterior
to the PLC (lacrimal or retrolacrimal position). The intermediate
segment of the UP becomes anterior to the PLC at the level of the
OMT (maxillary position). The upper segment of the UP merges to
the lateral wall of the middle turbinate (turbinal position).

Height of the Lacrimal Fossa
The distance between the ULR and the LRL was 12.06�1.93 mm
(range, 6–16).

Distance from the Opercule of the Middle
Turbinate to the Lower Limit of the
Lacrimal Fossa
The OMT was located 5.96�2.05 mm (range, 3–11) upward from
the lower limit of the LF. The average position of the apex of the
lacrimal sac was 6.10�2.02 mm (range, 2–12) above the OMT
(Fig 5).

Discussion

The results of this CT scan study clarify the relationship of
the LF to 3 important structures involved in the endonasal
approach of DCR: the middle turbinate, the UP, and the FR.

Relationship between the Lacrimal Fossa and the
Middle Turbinate

The role of the middle turbinate in the functional failure of
DCR has been recognized. Synechiae between the head of
the middle turbinate and the lateral wall of the nasal fossa
are most commonly reported to affect postoperative exam-
ination of the nasal fossa and to predispose to the failure of
DCR.7,34–36

mputerized Tomodensitometry Scan Analysis, n � 77)

Lacrimal
ategory 2)†

Maxillary
(Category 3)‡

Turbinal
(Category 4)§

4 (5.2%) 22 (28%) 47 (61%)

18 (23%) 43 (55.8%) 12 (15%)

35 (45%) 17 (22%) 0 (0%)

he junction between the lacrimal bone and the maxillary bone.
) (Co

(C

r to t
1123
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Another part of the middle turbinate is also involved. The
persistence of the OMT after DCR has been associated with
functional failure.5,9,17,35,37–42 This contradicts the conven-
tional notion that the OMT is posterior to the LF. Interest-
ingly, in this CT scan study we observed that the OMT projects
onto the LF in more than half of cases (53.2%). The OMT may
therefore often be resected en bloc during the external osteot-
omy. This study implies, however, that the management of the
OMT during endonasal DCR should be subjected to a more
systematic approach, taking anatomical variations into ac-
count, to improve the success rate.

Whether the OMT can serve as a useful landmark of the
vertical or anteroposterior position of the LF is still debat-
ed.10 Results of this study suggest that a large part of the
lacrimal sac is above the OMT in a majority of cases (Fig 5),
in accordance with previous reports.17,21,43–45 The analysis
of the axial CT scan sections in this study demonstrates that,
because of anatomical variations, the OMT is not a reliable
vertical landmark from an endonasal approach for predict-
ing the position of the upper and lower limits of the LF.

However, on axial sections the OMT is always anterior
to the suture line between the maxillary bone and the
lacrimal bone and is never inserted onto the lacrimal bone
(Figs 3, 6). The OMT may therefore be the most accurate
landmark for the anteroposterior location of this suture line,
which is the actual target of the osteotomy from both
endonasal and external approaches.32

Relationship between the Lacrimal Fossa and
Uncinate Process

A number of anatomical30,46 and surgical47–55 observations
have suggested that the UP is adjacent and posterior to the
LF. Consequently, a prospective analysis of 104 endonasal
DCR procedures indicated that the unciformectomy was not
required.9

In this CT scan study, we found that from an endonasal
approach the anterior part of the UP overlapped, at least partially,
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Figure 5. Location of the opercule of the middle turbinate (OMT) with
of the LF. The lower limit of the LF is defined as the computed tomod
nasolacrimal canal into a conical LF is observed. The height of the LF is de
limit of the LF. This diagram shows that the position of the dome of the lac
of large anatomical variations.
the LF in nearly all cases (94.8%). This finding has significant
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implications for both endonasal and external DCRs. A few inde-
pendent surgical studies reported that the UP may actually overlap
the LF, and must be penetrated with the laser,14 resected,40 or
reclined and resected12,56 to access the LF.

The discrepancies can be explained by at least 4 factors:

1. Structurally, the helix-shaped anatomy of the UP
implies that its position varies according to the level
of observation, regardless of otherwise large ana-
tomical variations. The anterior insertion of the UP
is an oblique structure that may be posterior to the
PLC at the lower reference level (category 1, retro-
lacrimal), then become anterior to the PLC at the
intermediate reference level (category 2), then be-
come anterior to the MB–LB at the upper reference
level (category 3). This explains why reporting the
position of the UP with respect to the LF without a
vertical reference level may be misleading.

2. Endoscopic studies of underlying bony structures are
impaired by both the nasal mucosa28 and significant
anatomical variations induced by the pneumatization
of the anterior ethmoid (Fig 7).

The least frequent pattern of pneumatization, eth-
moidal hypoplasia, is associated with a posterior
location of the anterior part of the UP relative to the
PLC (category 1) at all vertical levels. In this case,
endonasal DCR does not require an unciformec-
tomy.

Ethmoidal hyperplasia, which is slightly more
frequent, results in the anterior displacement of the
anterior part of the UP. This structure is then anterior
to the MB–LB (category 3) and, often, anterior to the
OMT, thus obstructing the access to the LF and
creating an agger nasi cell in the endoscopic view.
Partial unciformectomy is mandatory. Most fre-
quently, the standard ethmoidal pneumatization
places the anterior part of the UP between the PLC

7 8 9 10 11 12

er limit of the lacrimal fossa 
middle turbinate (mm)

ct to the lower limit of the lacrimal fossa (LF) compared with the height
metry scan axial section in which the transformation of the cylindrical
by the vertical extent of the contrast-injected lacrimal sac from the lower
sac cannot be inferred from the endonasal reference of the OMT, because
he low
f the 

respe
ensito
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and MB–LB (category 2). Resection of the anterior
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part of the UP will then be necessary to achieve a
satisfactory osteotomy.

3. Surgically, the UP can easily be overlooked because
it is a very thin structure. Elevation of a mucosal flap
to expose the posterior edge of the frontal process of
the maxillary wall can detach the UP which will be
removed and discarded with the mucosal flap. Sur-
geons who dissect at the upper level may also mis-
take the UP for the lacrimal bone because their
thicknesses are quite similar.

4. Radiological analysis provided in most surgical series
does not include a systematic CT scan.9,50,51 In addi-
tion, the CT scan methodology required to analyze the
relationship between the UP and the LF must include
contiguous millimetric axial sections, which are critical
to reconstruct the actual 3-dimensional structure of the
UP and differentiate the UP from the lacrimal bone and
other adjacent structures. This continuous reconstruc-
tion is also helpful for assigning previously nonspeci-
fied structures to their correct UP origin. The CT scan
observations reported in this study match the ana-
tomical findings of Whitnall32 and Blaylock et al33

(Fig 4, Table 3). We believe that what these authors
reported as the wall of an ethmoidal cell is the
anterior part of the UP.

Figure 6. The lower nasolacrimal reference level was the lowest section in
opercule reference level was the lowest section in which the insertion of t
upper lacrimal sac (LS) reference level was the highest section in which t
various locations of the anterior insertion of the uncinate process (UP) rel
the junction between the maxillary bone and the lacrimal bone) at 3 disti
LF): The UP is posterior to the PLC (retrolacrimal position, category 1) (a)
bone and the upper maxillary (lacrimal position, category 2) (b); the UP
inserts onto the lateral wall of the MT (turbinal position, category 4). (d)
the UP (category 1) (e), lacrimal position of the UP (category 2) (f), m
(category 4) (h). Lower reference level (the MT is not observed at this le
UP (category 2) (j), and maxillary position of the UP (category 3) (k).
The almost constant overlapping of the UP onto the
upper half of the LF supports our previous hypothesis that
the most adequate endonasal approach to perform a satis-
factory DCR osteotomy is submucosal cleavage and resec-
tion of the anterior part of the UP.5,12,57,58

Relationship of the Lacrimal Fossa and the Frontal
Recess
External or endonasal DCR may infrequently cause tran-
sient or permanent frontal sinusitis, occurring in only 0.3%
of cases.12,13,39 This complication may be related to an
inadvertent entry into the FR during the procedure. In fact,
opening of the FR is reported to induce up to 25% of
irreducible frontal sinusitis in functional endoscopic sinus
surgery.59

The ethmoidal course of the FR exhibits great variations.
Its anterior course may run along the LF and become its
lateral wall (Figs 2, 4).25 In this study, we observed that the
FR was adjacent to the LF in nearly one third of cases
(29.9%). The rate of FR opening during DCR may be much
higher than what the incidence of frontal sinusitis may
reveal. This suggests that other factors, such as an abnormal
mucosa, may also be involved.

A significant hemorrhage is observed in 2% of external
or endonasal DCR cases.5,42,60–62 Damage to the anterior
ethmoid artery may be the cause of this often significant
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part of the FR, and usually remains distant from the upper
and posterior parts of the LF.

Implications for Endonasal Dacryocystorhinostomy
as Compared with an External Approach

This CT scan study suggests that, in most cases, the OMT
and the UP overlap the upper part of the LF, whereas the

Figure 7. Schematic rendition of the various locations of the uncinate
process (UP) relative to the lacrimal fossa (LF) on axial sections at the
level of the opercule of the middle turbinate (OMT). The UP separates
the medial meatal and lateral unciformian groups of ethmoid cells. The
variable developmental pneumatization of these cells explains significant
anatomical variations in this structure and its relationship to the LF and
the lateral wall of the nasal fossa. Ethmoid hypoplasia: the 2 groups of cells
are poorly developed. The UP remains entirely posterior to the posterior
lacrimal crest (PLC) (category 1). Ethmoidal hyperplasia: the develop-
ment of the 2 groups of cells brings the UP forward. Standard pneumati-
zation: the UP can be inserted anterior to the PLC and posterior to the
junction between the maxillary bone and the lacrimal bone (MB–LB)
(category 2), or even anterior to the MB–LB (category 3) on the maxillary
part of the LF. The position of the UP may be even more medial and
inserted onto the middle turbinate (MT) (category 4). ELP � ethmoid
lamina papyracea; LB � lacrimal bone; LS � lacrimal sac; MB � maxillary
bone; NS � nasal septum.

Table 3. Comparison of the Position of the First Ethmoidal C
and Anterior Insertion of the

Position of the
First Ethmoidal Cell/

Insertion of
the Uncinate

Process No. of Cases

Retrolacrimal, Category
1 (Posterior to the

Posterior Lacrimal Crest)

Whitnall* 100 14%
Blaylock et al† 190 7%
This study 77 5.2%

The position of the anterior insertion of the uncinate process, commonly
computed tomodensitometry scan† studies falls into 4 categories with resp
to those described previously; category 4 was not previously identified).
*Whitnall S. The relations of the lacrimal fossa to the ethmoidal cells. O
†
Blaylock WK, Moore CA, Linberg JV. Anterior ethmoid anatomy facilitates
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lower and anterior parts are free of obstruction from an
endonasal approach. Although this adjacent relationship is
constant, there are large variations, forming a morphologi-
cal continuum.

Surgical orientation differs significantly between exter-
nal and endonasal DCRs. The upper and lower limits of the
LF are well defined in external DCR, but not in endonasal
DCR. From an endonasal approach, the OMT is a reliable
landmark for the location of the suture line between the
maxillary bone and the lacrimal bone (MB–LB). The suture
line is always posterior to the OMT.

Cleavage of the MB–LB also differs between external
and endonasal DCRs. From an external approach, it is
generally advocated to initiate this cleavage at the upper
part, to enter an ethmoidal cell and help preserve the nasal
mucosa. From an endonasal approach, however, efficacy
and safety may be improved when the cleavage is started at
the lower part of the suture, to reduce the risk of inadvertent
orbital entry.

Optimal access to the MB–LB from an endonasal ap-
proach should involve a deliberate cleavage of the UP to
achieve a fully functioning osteotomy.12,48 This cleavage
and following unciformectomy open access to the posterior
edge of the frontal process of the maxillary bone. Actions
essentially similar to those performed during external DCR
can then be taken.33,42

Achieving an adequate osteotomy (3- to 5-mm radius
around the common canaliculus) by either external or en-
donasal DCR must take into account the overlapping of the
LF by both the UP and the OMT demonstrated in this study.
Although these structures are often resected during the
osteotomy from an external approach, they should be spe-
cifically addressed by the endonasal technique.

To meet the safety and efficacy criteria defined by ex-
ternal DCR, the same osteotomy performed from an endo-
nasal approach must integrate the specificity and variability
of the medial anatomy of the LF.

Because of the shortcomings of conventional anatomic
dissection as well as surgical observation, high-resolution
CT scan analysis of the LF and adjacent bony structures
contributes an improved appreciation of landmarks relevant

Published Anatomical and Low-Resolution CT Scan Reports
cinate Process in This Study

Lacrimal, Category 2
nterior to the Posterior
Lacrimal Crest and
sterior to the Junction

between the Lacrimal
one and the Maxillary

Bone)

Maxillary,
Category 3

(Maxillary Bone)

Turbinal, Category
4 (Lateral Wall of

the Middle
Turbinate)

32% 54% —
53% 40% —
23% 55.8% 15.6%

ted as the first ethmoidal cell in previous anatomical* and low-resolution
anatomical landmarks of the lacrimal fossa (categories 1–3 are identical

almic Rev 1911;30:321–5.
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Un
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dacryocystorhinostomy. Arch Ophthalmol 1990;108:1774–7.
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to the endonasal DCR method, including the middle turbi-
nate, the UP, and the FR.

These findings have significant implications for the un-
derstanding and improvement of endonasal DCR and may
help the oculoplastic surgeon experience a smoother transi-
tion when moving from the external to the endonasal DCR
approach.
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