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Computed Tomography-Based Exploration of Infundibular 

Anatomy for Maxillary Sinus Balloon Dilation 


Ashley Sikand, MD 

Objectives: A cl inical Iy relevant reconstruction of the ethmoid infund ibu Iurn and maxillary sinus ostiu m W<lS developed 
lO use 3-dimension<l1 computed tomographic (eT) imaging technology and measurement software in an effort to better 
understand the anatomy of the maxillary sinus ostium and to optimize the maxillary sinus balloon dilation technique, 

Methods: A retrospective review was performed of reconstrllcted high-resolution CT scans of patients from a private 
otolaryngology practice who underwent im<lging for evaluation of sinus disease using multiplanar reconstruction soft
ware. The CT scans were retrospectively obtained from patients who presented for evaluation of chronic sinus disease 
and were analyzed wjth. quantitative multipJanar reconstruction sohware that cillowed measurements to be computed in 
clinically meaningful planes. 

Results: Data were obtained from 31 sinuses on 18 CT scans. The mean anteroposterior distance from the guidewire exit 
to the maxillary ostium was 3.5 mm, and the mean optimal guide trajectory ("clocking") angle W<lS 17.5° from the pure 
axial plane (95% confidence interval, 12.58° to 22.48°). The curvilinear guidewire travel distance was 6.9 mm from the 
guidewire exit to the ostial entry 

Conclusions: This study reveals specific anatomic information that is applicable to the technique of transnasal maxill<lTY 
sinus baBoon catheter dilation. The data collected allow surgeons to anticipate the direction in which a guidewire must 
be manipulated in order to correctly enter the maxillary ostium. According to the data, a gentle anterior retraction of the 
uncinate process and a starting guide orientation 18° from pure lateral will best facilitate maxillary sinus ostial access. 
Application ofrhe readily available software used for this study affords the opportunity to predict the location of the natu
ral ostium within the infundibulum before operation and customize the technique to each specific patient. 
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INTRODUCTION 

Balloon catheter dilation of the paranasal sinuses 
offers a unique opportunity to re-establish maxillary 
sinus ostial drainage without removing the uncinate 
process. Although the literature suggests a high suc
cess rate in gaining access to the maxillary sinus 
with a sinus guidewire,l navigating the ethmoid in
fundibulum with a guidewire and successfully tra
versing the maxillary sinus ostium while retaining 
the uncinate process can be challenging In certain 
cases. 

Although guidewires placed through guides (Re
Jieva Flex sinus guide catheter and Relieva Vigor si
nus guidewire, Acclarent, Inc, Menlo Park, Califor
nia) used to access the maxillary sinus ostium are 
soft, pliable instruments capable of precisely tra
versing the maxillary canal or ostium,2 anatomic 
variation can result in challenging access, assuming 
an intact uncinate process. Ostia that are located an
teriorly can be more difficult to access with a guide
wire. Additionally, an ostium that is located superi

orly within the infundibulum presents a challenge 
for access with a guidewire because of the close 
proximity of the anterior attachment of the uncinate 
process. Furthermore, a laterally displaced uncinate 
process may narrow the outflow tract and make ac
cess to the maxillary sinus ostium difficult. 

ThIS study utilized a computed tomographic (CT) 
software program that permits a 3-dimensional (3
D) preoperative assessment of the sinuses. The CT 
assessment results in calculation of specifIC clini
cally relevant dimensions and angles in an attempt 
to define an "ideal" guidewire trajectory for balloon 
catheter dilation of the maxillary sinus. The surgeon 
can then use the measurements to modify the surgi
cal technique [0 permit more facile and successful 
access to the maxillary sinus ostium. 

METHODS 

Axial CT scans were selected retrospectively at 
random from a database of patients who presented 
to a single private practice for evaluation of sinus 
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Fig 1. Fluoroscopic image of typical 0° endoscopic ap
proach 10 max illary sinus. Plane normal to tip of endo
scope (,'endoscopic coronal") differs from pure anatomic 
coronal plane by angle , . 

disease. The scans were obtained with a MiniCAT 
CT sca nner (Xoran Technologies, Ann Arbor, Mich
igan) with a OA-mm slice thickness. All scans were 
included in the study except those that met the fol 
lowing exc lusion criteria. which were applied to the 
CT scans on a per-sinus basis: evidence of prior si
nus surgery, infundibular disease that obscured the 
anatomic areas of interest, infundibular anatomy 
that could not be captured in a single cross-sectional 
plane, maxillary si nu ses without radiologic evidence 
of a natural ost ium (pure accessory ostium drain
age), or pediatric anatom y. The scans were then im
ported into OsiriX (v3.5.I, 64-bit) to perform mul
tiplanar reconstruction and quantitati ve measure
ments. (OsiriX is an open-source and freel y avail
able software pac kage for the Apple platform. avail
able at www.osiri x-viewer.com. Online instruction 
is avai lable at the download site.) An Apple MacPro 
workstation was utilized for the analysis. A written 
exemption was obtained from the Western Institu
tional Review Board, as the research involved stud y 

Fig 2. Mulliplan ar reconstructioll (MPR) 
planes are rolmed such that MPR coro
nal pl,zme si mul ates endoscop ic coronal 
plane . This simulation is achieved by ro
taling M PR planes by angle l ( 18° for 
this patient). Using endoscopic coronal 
reference system permits easier clinical 
communication of results. 

Fig 3. Cmsshairs are placed between posterior-inferior 
border of uncinate process and an terior face of ethmoid 
bulla, typical location for initial sinus guide posi tioning. 

of existing data from which subjects could not be 
identified. 

Orthogonal planes were reconstructed from the 
primary axial scans and manipulated with 3-D mul 
tiplanar reconstruction (MPR) tools. MPR analysis 
allows the standard orthogonal planes (axial, coro
nal. and sag ittal) to be rotated and translated into 
any arbitrary position within the CT volume. This 
is cri tical for accurate analysis of the infundibu
lum. which cannot be easily visualized or accu rate
ly quantified in anyone of the standard anatomic 
planes. The three orthogonal planes are shown in 
separate windows with crosshairs showing the rele
va nt axes. Axes in any window can be rorated and! 
or tra nslated to generate new cross-sectional areas . 
These newly generated planes are displayed in the 
other two windows. 

Because the goal of the study was to provide data 

http:www.osirix-viewer.com
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Fig 4. Adjustmem afaxial plane . UP - uncinate process. 
A) Axial plane was adjusted by rotaling MPR line in cor
onal view. In alJ cases, axial plane was rotated such thaI 
lateral side of plane was mo .... ed inferiorly. "Clocking an
gle" is rotation required to loc ale plane of infundibulum. 
B) Axial rotation was complete when axial view demon
strated clearly defined pathway from crosshairs (simu
lated guidewire exit) into maxillary sinus , thus defining 
plane of ostial canal . 

that would be easy for an operating surgeon to in
terpret, several manipulations of the data were ac
complished. The first manipulation completed was 
to adjust the coronal plane to match that of a stan
dard 0' sinuscope, creating an "endoscopic coronal" 
view. The endoscopic view approaching the maxil
lary sinus is not a pure coronal projection, as the op
erating surgeon must introduce the endoscope while 
navigating within the confines of the nasal anatomy. 
Figure 1 is a fluoroscopic image demonstrating the 
relevant angles for a typical endoscopic approach to 
the maxillary sinus. The angle z represents the differ
ence between the pure anatomic coronal plane and 
the endoscopic coronal plane. The MPR orthogonal 
planes were therefore adjusted into the endoscopic 
coronal reference frame by tilting the coronal plane 
for each CT image (superior pan anteriorly, inferior 
part posteriorly). This was performed by estimating 

Fig S. Clocking angle can be interpreted clinically as an
gie of rotation of sinus guide catheter in infundibulum , 
relati .... e to pure lateral orientation (angle x). This is opti
mal angJe to orient sinus guide into plane of infundibu
lum . 

the endoscope location in approaching the maxillary 
sinus (Fig 2) . Once the endoscopic coronal adjust
ment is made , results can be reported in a reference 
frame familiar to the surgeon . The term anterior now 
refers to the direction that appears purely (Interior 
when viewed with an endoscope. In the traditional 
anatomic reference frames, this direction wou Id be 
more accurately described as anteroinferior. 

The intersection of the MPR planes was then 
placed in the location that approximated the exit of 
the sinu s guidewire from the sinus guide . This lo
cation was defined as the space between the bulla 
and the uncinate process, at the junction between the 
horizontal and vertical components of the uncinate 
process (Fig 3). 

The infundibulum will travel laterally, and may 
also exhibit inferior and anterior trajectories. The 
goal of the next MPR adjustment was to locate the 
ax ial plane that best captured a cross section of the 
infundibulum , demonstrating the guidewire pathway 
into the maxillary sinus. This was performed by tilt
ing the lateral side of the MPR axial plane inferiorly 
or superiorly (Fig 4A) until the full infundibular path 
was visible on the resulting axial plane (Fig 4B) . We 
propose the term "clocking angle" to describe this 
adjustment , which simulates the angle that the sinus 
guide is rorated once placed behind the uncinate pro
cess to provide the best trajectory of the sinus guide
wire into the infundibulum (Fig 5) . This angle can 
be eaSily communicated relative to the numbers on a 
clock (eg , rotation of the guide to 7 o'clock) , hence 
the proposed term "clocking angle." The maxillary 
ostium was defined as the location at the lateral ex
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Fig 6. Final double-oblique anal
ysis plane (asterisk) is axial sec
lion that has been adjusted for en
doscopic coronal referen ce plane 
(coronal till) and also 10 transec t 
axis of infundibulum (Ialerallih ). 

tent of the infundibulum that demonstrated a clear 
opening into the maxillary sinus proper. 

Figure 6 is a 3-0 representation of a typical final 
dOUble-oblique analysis plane, which can be cus
tOmized for each patient 's anatOmy. 

Once the infundibular analysis plane is defined , 
the following measurements were obtained : the an
teroposterior (AP) distance between the uncinate 
process and the ethmoid bulla face (ie, the space 
within which the tip of the sinus guide would be po
sj tjoned ); the AP distance between the exit of the si
nus guidewire and the opening of the maxillary os
tium (Fig 7); and the c urvilinear distance that the 
sinus guidewire would have to travel upon exiting 
the sinus guide to gain entrance into the maxillary 
ostium. 

RESULTS 

A total of 31 sinuses were included in the anal
ys is . Twenty- one sinuses were excluded from the 
analysis as per the exclusion criteria. Ten sinuses 
showed evidence of previous sinus surgery, 8 si

nuses contained infundibular disease that interfered 
with the ability to perform quantitative analysis, 2 
sinuses had infundibular anatOmy that could not be 
captured in a single plane (multiple curves) , and I 
si nu s appea red to drain entirely through an acces
sory osti um. 

The average adjustment required to shift to the 
"endoscopic coronal" plane was 13 .8° (SO, 5.1°). 
The average distance between the ethmoid buUa and 
the uncinate process was 1.5 mm (SO, 0.7 mm). The 
angle of declination reqUired for the sinus guide to 
optimally orient the sinus guidewire toward the os
tium was next measured. This "clocking angle" rep
resents an inferior tilt of the guidewire to reach the 
med ial extent of the ostial canal. The mean clocking 
angle was a 17.5° (SO, 13.5°) tilt from a pure lat· 
eral trajectory. The distribution of clocking angles 
required to optimally target the ostium is shown 
in Fig 8. The distribution was fairl y uniform , such 
that 55% of clocking angles were greater than 17.5° 
and 45% were less than 17 S . Clinically, a surgeon 
would rotate the guide catheter clockwise for the left 

Fig 7. Anterior distance from si nus 
guidewire exit (axis intersection) 10 
maxillary ostium is shown. In (hi~ pa
tienl ,guidew ire would have 10 Iravel 2.4 
mm anrerjorl y (endoscopic reference 
plane). UP - uncinate process. 
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Fig 8. Clocking angle necessary (0 orlem sinus guide inlo 
plane of ostial canal is shown for each sinus. For right 
max illary sinus, guide must be rowled counterclockwi se. 
For left maxillary simls. guide is rotated clockw ise. One 
dal<). point of 7)0 is not shown. 

sinu s and counterclockwise for the right sinu s in or
der to place the guidewire into the ostium . 

The mean AP distance from the sinu s guide exit 
to the maxillary ostium was 3.5 mm (SD, 1.8 mm) . 
Almost half of the ostia were located between 2 and 
4 mm anterior from the guidewire exit point . Nine of 
the 31 ostial locations were quite anterior within the 
infundibulum, requiring the guidewire to traverse a 
distance of between 4 and 8.4 mm . Fi nally, 7 ostia 
we re located less than 2 mm anterior of the guide
wire exjt. Figure 7 gives an example meas urement. 

The curvi linear guidewire travel distance aver
aged 6.9 mm (SD, 2.3 mm). This represents the tota l 
guidewire exposed beyond the tip of the guide cath
e ter up to the entry into the maxillary sinus. 

DISCUSSION 

A review of the literature describing the anatomy 
of the ethmoid infundibulum provides in sight into 
the variety of locations of the maxillary sinu s os
tia in both the axial and coronal planes. Van Alyea) 
analyzed 163 cadaver specimens and found a varied 
distribution of the maxillary sinus ostium within the 
infundibulum. He demonstrated that in 25% of si
nuses the ostium would be difficult to probe because 
it was buried deep in the infundibulum. Myerson' 
described the infundibulum as becoming progres
sively narrower moving from posterior to anterior. 

Studies also show a wide variation in the length 
of the canal leading to the ostium and the angle of 
projection . SimonS reported a group of 110 ostia of 
which 82 .7% were 3 mm or more in length (mean, 
5.5 mOl). This stud y also revealed that although this 
tnaxillary ca nal (now more commonly termed the in
fu ndibulum) is directed in a genera l way inferior and 
lateral, there is great variability in its angle of pro

jection. SimonS therefore concluded that the natural 
ostium 1V0uid be difficult to precisely probe with a 
rigid instrument. This study confirmed the variabil 
ity in infundibular anatomy and highlights the com
plex and curvy nature of the natural infundibulum 
that is not often appreciated endoscopically in clini
ca l practice. A potential benefit of a flexible guide
wire over a rigid probe is the abi lity to "self-navi 
gate" this complex space while minimizing interac
tion with surrounding structure s. 

Balloon catheter dilation of sinus ostia has 
emerged as an effecti ve and relati vely safe tech
nique with durable results. Kuhn et al6 reported an 
ostial patency rate of 94% at I ye~r of follow-up, 
and Lev ine et ai' found a revi sion rate of 1.3% in 
1,438 maxillary sinuses. Balloon catheter dilation 
affords an opportunity to perform functional surgery 
with maximal preservation of normal ti ssue . In the 
case of maxillary sinus dilation, one way to achieve 
this is to preserve the uncinate process. However. 
cannulating this ostium may be troublesome in cer
tain situations because of the wide variation in mid
dle meatal and infundibular anatomy. 

This study sought to explore CT-im age(1 infundib
ular anato my to gain information that would result 
in appropriate technique modifications to permit 
more faci le and successful access to the maxi Ilary 
sinus ostium. The results indicate that the majority 
of ostia (21 of 31 sinuses) are located within 4 mm 
anterior of the guidewire exit at the posterior edge 
of the uncinate process . This position should allow 
for rel atively easy channeling of a proximate ostium 
with a guidewire. Ho wever. 9 of 3 1 ostia (29%) 
were situated more than 4 mm anterior within the 
infundibulum. In these cases, the surgeon may be 
requi red to '·throw" the guidewire anteriorly for 4 to 
9 mm and then angle the wire laterally and inferior
ly following the clocking angle in order to enter the 
ostium. Consequently, this is the subset of cases that 
poses the most difficulty in accessing the ostium . In 
this situation, I have used a method th at gently re
tracts the uncinate process medially and anteriorly 
to gain access to the ostium. Thi s decreases the re
quired AP travel of the guidewire and facilitates the 
subsequent step of angling the guidewire inferiorly 
to enter the osti um. 

The clocking angles ca lculated also provide use
ful information about the ex tent of rotation required 
to place the guidewire in the correct axial pl ane for 
successful access . Based on this data set. my rec
ommendation would be to start at a clocking angle 
of 17.5° from the endoscopic axia l and "walk" the 
gu idewire superiorly and inferiorly along the lateral 
infundibular wall from 0° to 35°. Thi s wou ld permit 
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an operator to most efficiently enter the ostium . Gi v
en these findings. cannulation of the natural ostium 
of the maxillary sinus should be more success ful if 
an optimal clocking angle is chosen with gentle an 
terior retraction of the uncinate process . 

It is al so of note that the mean natural di stance 
between the uncinate process and the ethmoid bulla 
space was 1.5 mm. Given that the outer diameter of 
a standard sinus guide is 3.4 mm. mobilization of the 
uncinate process will be required in many cases sim
ply to position the tip of the sinus guide. It is critical 
in clinical practice that the operating surgeon not at
tempt to directly cannulate the infundibulum deeply 
with the tip of the guide catheter. as the relatively 
larger dimension of the guide catheter tip could cre
ate mucosal damage. The guidewire . not the guide 
catheter tip . is the appropriate tool to probe the in
fundibulum. 

If there is a desire for surgeons to introduce var
ious instruments (guidewires. forceps . irrigating 
catheters, etc) into the infundibulum and maxillary 
sinus. these will have to be designed with a small
er profile to navigate the infundibulum and ethmoid 
bulla and to avoid trauma to the mucosa in the area. 

The main limitation of the study was the inability 
in some cases to precisely and unambiguously de
fine the maxillary ostial opening. The maxillary "os
tium " is sometimes nOt a well-defined location, but 
rather, a mOre subtle transition from the infundibular 
space into the maxillary sinus proper. Clinical judg
ment was required in some cases to define the tran
sition point from infundibulum to ostial canal. This 
limitation. however. is not unique to aCT-based 
study. Any study of the maxillary anatomy will re
quire some degree of clinical interpretation to defi ne 
the medial boundary of the maxillary sinus . 

The patients selected for study had presented to a 
private practice cl inic for evaluation of sinus di sease. 
However, no attempt was made to exclude CT im 
ages from patients who ultimately were found not to 
have sinu sitis, nor was selection based on the even
tual diagnosis of acute or chronic sinusitis . It should 
be assumed that the anatomy studied represents a 
mix of patients who had acute sinusiti s , chronic si
nusitis, or perhaps no sinus disease . Further study 
would be needed to attempt to determine whether 
patients with sinus disease have different anatomic 
characteristics than patients without sinusitis . 

It is important to highlight that this study made use 
of freely access ible open-source software. As such. 
it is readily available to surgeons, who can perform 
a similar analysis on individual CT scans. This soft
ware provides the capability to locate the maxillary 

ostium and allows for technique selection and modi
fication before the actual surgery. It became evident 
during the study that this analysi s can be performed 
within approximately 5 minutes once the CT scan 
has been loaded into the software . 

The malO limitations of the study result from cer
tain estimations required during the manipulation of 
the MPR. First, the endoscopic coronal adjustment 
requires an estimate of the clinical trajectory of a 
0° endoscope in performing maxillary surgery. It 
would be ideal to find a fixed anatomic [and mark to 
reference this MPR adju stment, but I am unaware of 
any prior literature in which such landmarks are de
scribed. II should be noted. howe ver. that the poten
tia[ error introduced in the estimation of endoscopic 
coronal adjustments does not have a large effect on 
the study measurements because of the very short 
distance between the guidewire exit and the ostial 
opening . 

A second source of potential error is the estimate 
required regarding location of the sinus guide, and 
therefore the guidewire exit. To the extent possible, 
[he guide was located in the space just superior to 
the localion at which the horizontal component of 
the uncinate process transitions to Ihe vertical com
ponent. This was thought to be the location that of
ten represents clinical practice for initial guide loca
tion and is an anatomic landmark that is repeatable 
from the perspective of CT analysis . Surgeons who 
use a more superior guide position would require a 
steeper clocking angle (larger deviation from pure 
Ialeral ) than Ihe one reported in this study. In some 
CT images, the 1ransition from the horizontal com
ponent of the uncinate process was not we[1 defined 
(but rather. a more gentle continuous curve) , and 
thu s could lead to some vari ability in placement. 

CONCLUSIONS 

Exploration of the infundibular and maxillary os
lial anatomy using 3-D CT imaging for compilation 
of clinically relevant anatOmic measurements can 
provide anatomic information that may aid the sur
geon in performing minimally invasive sinus sur
gery. especially when a guidewire is used for bal
loon catheter dilation. The AP guidewire travel dis
tance and the sinus guide clocking angle appear to 
ha ve direct clinical application in optimizing the 
technique used in guidewire placement. Further
more . the technique can be speCifically tailored to 
each patient's ostial location as determined by the 
CT scan by using the steps described above. This 
method allows for both improved preoperative plan
ning and targeted development of the surgical tech
OIque. 
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