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Background and Objectives Maxillary sinus is easily accessible through endoscopic sur-
gery; however, additional combined approaches may be required depending on primary le-
sions. These approaches are canine fossa approach (CFA), Caldwell-Luc operation (C-L op),
Denker approach, and inferior turbinate (IT) swing technique. Our purpose was to analyze
and compare the overall results of these surgical approaches to determine superiority.
Subjects and Method Records of patients who underwent surgery of functional endoscopic
sinus surgery (FESS) with CFA, C-L op, Denker approaches or IT swing technique in a single
tertiary hospital from 2015 to 2023 were studied retrospectively. Patients who underwent ad-
ditional surgery other than CFA, C-L op, Denker, and IT swing technique were excluded.
Results A total 86 patients underwent FESS with combined approaches. IT swing technique
was used for 30 patients, Denker op was performed for three patients, and C-L op or CFA was
used for 53 patients. IT swing technique, Denker op, and C-L op were mainly used for nasal
cavity tumor, such as inverted papilloma (IP). CFA was used for not only CRS w NP but also
for IP. Recurrence was reported for the IT swing group and CFA group in IP. Three out 20 pa-
tients relapsed in the IT swing group, and two out of six patients relapsed in the CFA group.
Conclusion The IT swing technique is a good minimally invasive surgical method that can
secure the anteromedial field of view of maxillary sinus, but complete drilling of the remnant
bone is required for IP.
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Introduction

In functional endoscopic sinus surgery (FESS), the most

accessible surgical site of sinus is maxilla. However, the size
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which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

of maxillary sinus varies from person to person, and access
to the lesion is difficult depending on the degree of internal
septation,” the location of the lesion, and anatomical defor-
mities.”” To overcome these difficulties, several surgical ap-
proaches to the maxillary sinus have been developed and
modified. Starting with traditional Caldwell-Luc operation

(C-L op),” there is a slightly less invasive approach, which is
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canine fossa approach (CFA). Anterior and medial access of
the maxillary sinus became possible through the Denker op
using drill or osteotome.” Inferior turbinate (IT) swing tech-
nique was recently introduced, and it is minimal invasive
technique that made possible for visualization of maxillary
sinus anteromedial superior wall which is most difficult site
to approach.”’

We would like to compare each surgical approaches com-
bined with endoscopic sinus surgery over past 8 years in a
single tertiary hospital, focusing on the pros and cons of IT
swing technique.

Subjects and Methods

Study design

This study used single comparison method and retrospec-
tive analysis for patients who underwent combined surgery
with endoscopic sinus surgery at a single tertiary hospital
from January 2015 to September 2023. Of these, additional
surgical approach of modified surgical technique was per-
formed when there was difficulty in visualization and com-
plete removal of lesions.

Operation method

CFA

4—5 mm trocar and cannula are used to puncture at the in-
tersection point of the mid pupillary line and the horizontal
line passing the lower edge of the nasal alar. Through the
puncture site, microdebrider can be inserted to remove the le-
sion while observing the inside of the maxillary sinus with a
70° endoscope.”

C-L

3—4 cm incision from the lateral incisor to the second mo-
lar tooth into the gingivobuccal sulcus and dissect to the peri-
osteum. After exposing the anterior wall of the maxillary si-
nus by retracting the inner and outer sides of the infraorbital
nerve using a retractor, Kerrison rongeur is used to opening

anterior maxillary sinus.”

Denker

Using monopolar electrocautery, make a mucosal cut to the
nasal floor, lateral nasal wall, and anterior head of the inferior
turbinate and perform subperiosteal dissection. Create a bony
window in the anterior maxilla using a high-speed drill or os-
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teotome. In this process, the nasolacrimal duct should be cut
sharply and the infraorbital nerve should be operated with
care not to damage it.”

IT swing technique

Grip the anterior part of the attachment of the inferior tur-
binate with a straight Kelly (Fig. 1). Cut with a septal scissor
at once, leaving a clear-cut margin. The detachment part of
the inferior turbinate is posteriorly rotated to the nasopharynx.
After removing the medial wall of maxillary sinus, operation
is performed with visualization of entire maxillary sinus.” It
is mainly used as an additional procedure during modified
endoscopic medial maxillectomy for the purpose of securing
visual field. When the operation is completed, the rotated IT
part is returned to its original position, and the incision site
is sutured 12 times with Vicryl (absorbable). To prevent IT
lateralization, nasal packing with absorbable packing mate-
rial (ex. Curefoam) on inferior meatus for 2—3 weeks.

Outcome measures

The number of patients, age, gender, biopsy results, previous
surgery history, operation time and revision surgery due to
recurrence were verified by classifying them into four groups,
such as IT swing group, Denker group, C-L group and CFA
group. Side effects were classified as during operation and
post-operative complication. Postoperative complications were
mainly facial numbness, classified as transient facial numb-
ness lasting within 12 months and permanent facial numb-
ness lasting over 12 months. Lastly, only patients operated
with inverted papilloma (IP) were selected and classified
into groups to compare the recurrence rate.

Ethical considerations

All studies were conducted and designed in accordance
with the Declaration of Helsinki. The research was also ap-
proved by the Institutional Review Board (IRB file number
2021-06-069). Informed consent was waived by the IRB
which approved the study.

Results

Two surgeons performed endoscopic sinus surgery (ESS)
combined with additional approach in 86 patients for maxil-
lary sinus lesions from 2015 to 2023. It was classified into IT
swing group, Denker group, C-L group and CFA group. All
IT swing group underwent modified endoscopic medial max-
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Fig. 1. A diagram of Inferior Turbinate swing approach. A: Grip the anterior part of the attachment of the inferior turbinate with a straight
Kelly. B: Cut with a septal scissor at once, leaving a clear-cut margin. C: The detachment part of the inferior turbinate is posteriorly ro-
tated to the nasopharynx. D: Medial maxillectomy can be easily done because of rotated inferior turbinate. E: In case of inverted papil-
loma originated from maxilla anterior wall, sufficient visualization of the anterior wall of the maxilla and drilling of the origin site is neces-
sary. F: The rotated inferior turbinate part is returned and sutured with absorbable suture, when the operation is completed.

illectomy together.

The mean age ranged from 42.9 to 58.2 on average, and
there was no significant difference between groups. Previous
operative history was 3 in IT swing group, 2 in Denker group,
2 in C-L op group and 9 in CFA group. Total 16 out of 86 had
revision surgeries (Table 1).

The Denker group had the longest operation time of 114
minute, followed by the IT swing group. In both groups, op-
eration time was longer than other groups because tumor sur-
gery such as IP was mainly performed.

Bleeding was the most common intraoperative complica-
tion, and there were no cases serious enough to require trans-
fusion or emergency embolization.

The postoperative complications included facial numbness,
epiphora and facial pain. In IT swing group, 2 cases had short
term facial numbness lasted for 10 days after surgery, and
3 cases of long-term facial numbness of 12 months or more.
In Denker group, NLD obstruction was confirmed in 1 out
of 3 patients, and the patient underwent DCR. Two patients
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had facial numbness for more than 12 months in Denker
group. Two patients in C-L op group and 1 patient in CFA
group had facial numbness lasted more than 12 months.

IT swing was mainly used for IP of maxillary sinus. Total
20 out of 30 patients underwent IT swing combined with
MEMM for IP. Other cases were CRS, odontogenic cysts, or-
ganizing hematomas and antrochoanal polyps. Denker group
had 3 patients of IP. In C-L group, surgery was performed
evenly for [P, CRS w NP and benign lesions. CFA was mainly
used for CRS w NP and benign lesions such as antrochoanal
polyp, allergic fungal sinusitis and fungal ball, but also for
IP (Table 1).

In case of recurrence, 3 cases in the IT swing group and
3 cases in the CFA group had relapsed. In IT swing group,
all cases were IP. In CFA group, 2 cases were IP and the other
case was CRS w NP.



Table 1. General considerations for each group (n=86)
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Variable IT swing (n=30) Denker (n=3) C-L (n=13) CFA (n=40)
Sex
Male 24 2 7 25
Female 6 1 6 15
Age (yr) 54.9+10.7 52.3+4.9 58.2+12.2 42.9+19.9
Previous op hx 3(10.0) 2(66.7) 2 (15.4) 9 (22.5)
Op time (min) 90.1+£34.7 114+£28.4 79.8+37.8 67.7+38.5
Hospitalization (days) 45+1.0 5+0.8 4.4+0.7 4.2+0.9
Intfraoperative Cx
Bleeding 6 (20.0) 1(33.3) 1(7.7) 4(10.0)
Postoperative Cx
Facial numbness 5(16.7) 2(66.7) 2(15.4) 3(7.5)
Duration
<12 months 2 0 0 2
>12 months 3 2 2 1
Facial pain 0 1 0 0
Epiphora 0 1 0
Pathology
IP 20 3 5 6
CRS w NP 1 0 3 18
Benign* 9 0 5 16
Recurrence 3(10.0) 0(0) 0(0) 3(7.5
Mean f/u (months) 21.2 35 35.2 14.175

Data are presented as mean+standard deviation or n (%). *benign tumor: odontogenic cyst (4; IT swing, 1; C-L), CRS (1; IT swing, 2;
CFA), antrochoanal polyp (1; IT swing, 2; C-L, 12; CFA), organizing hematoma (3; IT swing, 2; C-L), allergic fungal sinusitis (1; CFA),
fungal ball (1; CFA). IT, inferior turbinate; C-L, Caldwell-Luc operation; CFA, canine fossa approach; Previous op hx, history of pre-
vious operations; Op time, operation time (min); Cx, complications; IP, inverted papilloma; CRS, chronic rhinosinusitis; CRS w NP,
chronic rhinosinusitis with nasal polyps; Mean f/u, mean follow-up period (months)

Discussion

With the rapid development of ESS, surgery for benign si-
nonasal tumor and malignancy are also actively in progress.
Among them, endoscopic resection of IP was first introduced
by Waitz in 1992.'”

In case of IP, it is also called “attachment-oriented surgery”
in the sense that it is very important completely remove the
origin of the tumor."” In order to reduce the recurrence rate,
it is necessary to identify the tumor origin and drill the un-
derlying bone along with subperiosteal resection of the area
where the tumor was attached.”

We firstly performed CFA for IP and among them, 2 out of
6 cases had relapsed. As the limitations of CFA, it was con-
firmed that it was not easy to check tumor origin site through
the puncture site if the origin site of the tumor is anterior wall
of maxillary sinus, which is a limitation of CFA (Table 2).

In particular, when the tumor origin is attached to the an-
teromedial side, it was obvious that the operation field or drill-
ing did not proceed sufficiently. Afterwards, in order to secure

the field of view of anteromedial side of maxilla, we tried to
reduce relapsing cases through performing IT swing tech-
nique combined with modified endoscopic medial maxillec-
tomy (MEMM) (Table 2).

Nevertheless, relapsed IP cases were observed in the IT
swing group, with 2 cases of tumor originated from the antero-
medial superior region (Fig. 2A and D, B and E) and the re-
maining 1 case from the anteroinferior region (Fig. 2C and F).

Significance of IT swing

In general, inferior turbinate was sacrificed during medial
maxillectomy. As a result, crust formation or nasal obstruc-
tion could be occurred after medial maxillectomy. Therefore,
medial maxillectomy with preserving inferior turbinate has
been attempted before and exists in various forms."” We pre-
ferred surgery with sufficient visualization of maxillary si-
nus after detachment of IT, and then reconstruct with IT at-
tachment, which was named as IT swing approach.” We have

experienced IT swing technique for the past 8 years.
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Advantages and indications of IT swing

It is possible to prevent the occurrence of empty nose syn-
drome and atrophic rhinitis that can occur by performing IT
sacrifice.” If the nasal cavity is enlarged more than neces-
sary, it rather forms an abnormal airflow of nasal cavity and
causes dryness or crusts of the mucous membrane.” Also,
in case of MEMM, it is considered to be less invasive method
than Denker and C-L because it can preserve NLD.

Indications for the use of IT swing technique are available
for most maxillary sinus lesions (Fig. 3A). In this study, it
was mainly applied to sinonasal tumors, because the other
lesions can be handled by classic FESS or CFA.

Limitations of IT swing

Three out of 20 cases recurred after IT swing and it is thought
to be due to incomplete bone drilling of tumor origin. In re-
curred 3 cases, of which the tumor origin has an irregular con-
tour on the anteromedial superior side and anteroinferior ori-
gin, complete removal was difficult. That is the reason for
tumor recurrence. Generally, the angles of the drills that can
be used was not variable, therefore in some cases, the drill
did not reach the bone to which the tumor was attached.

Overcome the limitation

In order to approach drilling in areas that do not reach the
tumor origin, drilling of the anterior wall is necessary (Fig.
3B). After drilling, the angle covered by the anterior wall dis-
appears (Fig. 3C). This technique is very useful to secure the
endoscopic field of vision even during outpatient clinic fol-
low up after surgery. Nevertheless, the Denker and C-L op

Table 2. Inverted papillomas

were performed for IP patients who thought that the IT swing
technique was insufficient, and no recurrence was confirmed
in those groups.

Comparison with prelacrimal approach

Prelacrimal recess approach is a procedure that allows ac-
cess to the maxillary sinus by subperiosteal dissection of lat-
eral nasal wall, performing a vertical osteotomy in the space
between pyriform aperture and the axilla of the inferior tur-
binate, and removing the frontal process bone of maxilla
through a high-speed drill or chisel.'” Prelacrimal recess ap-
proach is a procedure that first identifies Hasner’s valve and
then removes the medial maxilla anterior to it, making it easy
to access lesions anterior to the maxilla."”

The IT swing approach and the prelacrimal recess approach
are both meaningful methods for performing a medial max-
illectomy. When performing a medial maxillectomy, it is im-
portant to preserve Hasner’s valve. The prelacrimal recess
approach involves removing the anterior part of the medial
maxilla in front of Hasner’s valve, while the IT swing ap-
proach allows for a more extensive medial maxillectomy by
removing both the anterior and posterior parts of the medial

maxilla near the Hasner’s valve.

Limitation and strength of this study

One limitation of this study is that 1) there may be selec-
tion bias in the patient populations for each approach. Typi-
cally, surgical methods like CFA were applied to lesions that
seemed easily accessible, but in cases where accessing the
maxillary sinus appeared difficult, surgical techniques like

Variable IT swing (n=20) Denker (n=3) C-L (n=5) CFA (n=6)
Previous op hx 2 (10) 2 (66.7) 1(20) 0(0)
Recurrence 3(15) 0 (0) 0(0) 2(33.3)
Tumor origin
Anteroinferior 3 1 1 2
Medial 3
Medial anterior 0 0 1 1
Medial anterior superior 4 0 2 1
Medial superior posterior 0 1 0 0
Lateral 1 0 1 0
Infraorbital nerve 3 0 0 0
Inferior orbital wall 2 0 0 0
Posterior 2 0 0 1
Multifocal 2 1 0 1

Data are presented as n (%). IT, inferior turbinate; Denker, Denker approach; C-L, Caldwell-Luc approach; CFA, canine fossa ap-

proach; Previous op hx, history of previous operations
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Fig. 2. Representative images of three patients with difficult-to-access origin sites. Axial (A) and coronal (D) T1-weighted gadolinium-
enhanced image showing contrast enhancement of inverted papilloma. Tumor originated from anteromedial superior portion of the
maxillary sinus. Axial (B) and coronal (E) planes of CT demonstrating heterogenous contrast enhancement by the IP. Tumor originated
from anteromedial superior portion of the maxillary sinus. Axial (C) planes of CT demonstrating heterogenous contrast enhancement by
the relapsed IP. Axial (F) T1-weighted gadolinium-enhanced image showing contrast enhancement of relapsed IP. Tumor originated from
inferomedial portion of the maxillary sinus.

Fig. 3. Schematic diagram of IT swing approach surgery for a maxillary tumor with an anterior wall origin site. A: Inferior turbinate swing
technique is available for most maxillary sinus lesions, especially the tumor originating from anterior wall. B: In order to approach drilling
in areas that do not reach the tumor origin, drilling of the anterior wall is necessary. C: After drilling, the angle covered by the anterior wall
disappears.
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IT swing or Denker operation were used. Therefore, compar-
ing recurrence rates between approaches may not be appro-
priate. 2) There are fundamental limitations to retrospective
observational studies. However, since there are currently few
papers comparing different approaches for challenging max-
illary sinus lesions that are hard to access, our study could
potentially serve as a cornerstone in this field.

In conclusion, the IT swing technique can be useful in IP
where attachment-oriented surgery is important, but it can be
limited in the case of severe maxillary contour. If the angle of
the drills on the market becomes more diversified, IT swing
technique can be more applied to the remove tumors in diffi-
cult-to-access locations such as anteromedial superior portion
of maxilla.
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