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Abstract
Background During postoperative follow-up, the visible range of maxillary sinus (MS) is limited, even combining 0° and 
70° rigid endoscopes together. Flexible endoscope has been used in larynx examinations for a long time, but rarely in nasal 
cavity and sinus. We aimed to evaluate the application values of rigid and flexible endoscopes for visualization of MS.
Methods We followed up 70 patients with lesions in MS via both rigid and flexible endoscopes. In addition, we used thin-
slice CT image of the sinus to create a MS model and divided it into two parts for 3D printing. The inner surface of the 
3D-printed sinus was marked with grid papers of the same size (5 mm × 5 mm), then the visual range under rigid endoscopes 
with different angle and flexible endoscopes was calculated and analyzed.
Results In clinical follow-up, we found that flexible endoscopy can reach where rigid endoscopy cannot, which is more 
sensitive than medical imaging. Endoscopes showed the largest observation range of the posterolateral wall, more than half 
of which can be visualized by 0° endoscope. Almost all of the posterolateral wall can be revealed under 45° endoscope, 70° 
endoscope and flexible endoscope. The visual range of each wall under flexible endoscope is generally greater than that 
under rigid endoscopes, especially of the anterior wall, medial wall and inferior wall.
Conclusion There was obviously overall advantage of using flexible endoscope in postoperative follow-up of MS lesions. 
Flexible endoscopy can expand the range of observation, and improve the early detection of the recurrent lesion. We recom-
mend flexible endoscope as a routine application.
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The maxillary sinus (MS) is the largest sinus in human body, 
with an average volume of 12–20 ml [1, 2]. In general, the 
pyramid-shaped MS consists of five walls, including inferior 
wall, superior wall, anterior wall, medial wall, and poste-
rolateral wall [3]. There are many anatomical variations of 
MS, such as hypoplasia, antral septa, or bone exostosis [4].

Endoscopy is widely used in the examination of nasal 
cavity and nasopharynx. Traditional external approach has 
been replaced by endoscopic intranasal approach in surgery 
[5]. For MS surgery, the scope is limited when we remove 
the lesion through the natural ostium. Though lesions can 
be completely removed through other unnatural approaches, 
such as prelacrimal recess and canine fossa [6–9], these 
extra pathways are often closed after surgery. Therefore, the 
postoperative endoscopic follow-up of MS disease largely 
depends on the natural ostium.

For benign and malignant lesions originating from MS, 
observation of the original site is very important in follow-
up. In particular, the close follow-up and early detection of 
inverted papilloma and malignant tumors are crucial for the 
prognosis [10–13]. For postoperative follow-up of MS dis-
eases, CT and MRI have limited values for detecting small 
neoplasms. It is difficult to diagnose due to the postoperative 
mucosal edema and inflammation, resulting in a large num-
ber of false positives [12]. Therefore, radiography is much 
less intuitive and reliable than endoscopy here. In addition, 
the radiation risk of CT and the economic cost of MRI make 

them difficult to be used as routine follow-up techniques. 
However, it’s hard for endoscopes to reveal the full view 
of inner surfaces of MS due to its complicated anatomy, 
especially for conventional 0° rigid endoscope. Although 
endoscopes with other angles are widely used in MS sur-
gery, they’re still not routine devices for follow-up. Flexible 
endoscopy is a routine practice of otolaryngology for view-
ing nasal cavity, nasopharynx and larynx while is rarely used 
in paranasal sinus. Although some literature reported the 
usage of flexible endoscope in sinus lesions, more specific 
research data are needed [9, 14–16].

Three-dimensional (3D) printing technology has devel-
oped rapidly and been widely used in medical field in recent 
years [17–19]. At present, computer modeling based on CT, 
MRI or ultrasound scan data, combined with 3D printing 
technology, can be used to restore individualized anatomical 
structures consistent with the actual disease [20]. It helps 
surgeons to view and understand the anatomical structure 
of the disease before surgery, and make accurate surgical 
intervention program [21]. At the same time, individual-
ized and customized implants can be formulated accord-
ing to the patient's anatomical conditions [22, 23]. Since 
bone is the easiest biological tissue to be replicated [24], 3D 
printing is widely used in the fields of orthopedic surgery, 
dentistry, maxillofacial surgery and plastic surgery [25–27]. 
In otolaryngology, 3D printing has been used in preopera-
tive planning, education, prosthesis, transplantation and 
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reconstruction [28]. The accuracy of the application in the 
MS has also been confirmed [29].

In this study, we followed up patients after maxillary 
sinus surgery with flexible endoscope, which is very valu-
able for lesions in specific area. Therefore, we wanted to 
study the advantages of flexible endoscope in this regard. 
However, due to the difficulty of actual clinical measure-
ment, we designed a 3D-printed MS model, whose inner 
surface was covered with grid papers. The visual range in the 
model under flexible and rigid endoscopes was calculated 
and analyzed. Our study provides a theoretical basis for the 
selection of endoscopes in the follow-up of MS surgery.

Materials and methods

This study included the retrospective data of preoperative 
and postoperative follow-up examinations of two patients 
and one volunteer. It was considered exempt by the ethics 
review committee at the Nanjing Drum Tower Hospital. 
Informed consents have been obtained from patients in this 
study for scientific research.

Cleaning and sterilizing endoscopes

Rigid endoscopes including 0°, 45°, and 70° endoscopes 
(KARL STORZ, Germany), and flexible endoscope (ENF-
VH, Olympus, Japan) were cleaned in advance before opera-
tion. The endoscopes were scrubbed with 3 M endoscope 
special all-around powerful cleaning solution, disinfected 
with 0.55% ortho-phthalaldehyde, and dried with 75–95% 
ethanol. This method refers to the health industry standard 

of the People's Republic of China, "Regulation for cleaning 
and disinfection technique of flexible endoscope”, WS 507-
2016, which was published on June 1, 2017.

Models

A volunteer with healthy paranasal sinuses was scanned by 
Computed Tomography scanner (GE Revolution maxima, 
American). The DICOM file of thin-slice image (0.63 mm 
reconstruction increment) was imported into E-3d Master 
Edition Modeling and Design Software (V17.08) (Central 
South E3D Digital Medical and Virtual Reality Research 
Center, China). The MS model was built by separating the 
target area through the "intelligent segmentation" function. 
The model was then divided horizontally below the plane of 
natural ostium of MS into two parts, optimized by using the 
"simple segmentation" function (Fig. 1a, b). Next, the model 
was printed by the stereolithography 3D printer (Zhongrui 
Technology iSLA880 light-curing laser 3D printer, China) 
using the material of photosensitive resin.

Some 5 ×  5mm2 gride papers marked with different num-
bers were introduced inside the sinus pressing against all 
the walls (Fig. 1c, d). Next, two parts of the model were 
stuck together. Three rigid endoscopes and flexible endo-
scope were used to survey the walls of MS. The marked 
numbers observed on each wall under different endoscopes 
were recorded. In order to simplify the calculation, we sim-
ply regarded the visual area of a grid paper that can’t be 
fully displayed as half of the total grid paper. Finally, the 
visual range map was built and the range was calculated 
and analyzed.

Fig. 1  The 3D-printed model 
of MS. a, b The bone struc-
ture was reconstructed by CT 
image of paranasal sinus from 
a healthy volunteer. It was 
horizontally divided into upper 
(a) and lower (b) parts from 
the plane below the natural 
ostium of MS. c, d 3D-printed 
model was used in the following 
endoscopy. Marked grid papers 
were stuck to the inner surface 
of the left MS
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Patients

Patients underwent successful surgical ablation of inverted 
papilloma or tumor in MS through the prelacrimal recess 
approach. After removal of the lesion, the incision in medial 
wall of MS was sewed up. In order to simplify the follow-
up, the MS natural ostium was enlarged from the osseous 
nasolacrimal duct in anterior, to the posterolateral wall of 
MS in posterior. During the postoperative follow-up process, 
MRI and CT scan were performed, and both rigid and flex-
ible endoscopes are introduced to record and compare the 
visual range.

Results

In clinical application, the follow-up of patients after maxil-
lary sinus surgery is often difficult. CT and MRI examina-
tions are not as intuitive as endoscopy, while it is difficult to 
observe certain area with rigid endoscopes. We innovatively 
use flexible endoscope to observe lesions in MS. In a total 
of 70 followed-up patients, two typical and interesting cases 
are put forth below to evaluate the application value of dif-
ferent endoscopes.

Case1 In a patient with inverted papilloma of the MS, a bone 
septum arising from the floor of the MS can be bypassed 
using flexible endoscope, revealing the anterior compart-
ment of alveolar recess.

The preoperative CT image showed lesions in the left MS, 
which has a bone septum on the inferior wall (Fig. 2a, b). 
The lesions with secretion retention could be enhanced on 
MRI scans (Fig. 2c–f). The inverted papilloma, confirmed 
by postoperative pathology, arises from the junction of the 
medial and inferior wall. The tumor was resected completely 
along with edema polyp in the alveolar crypt through prel-
acrimal recess approach. After the suspicious bones were 
removed, the mucosa at the anterior of inferior turbinate was 
sewed up. In postoperative follow-up, the ostium, postero-
lateral wall and part of the superior wall of the MS could 
be observed with 0° rigid endoscope, but the inferior wall 
couldn’t be seen (Fig. 2g). The visual range under 70° endo-
scope could include the posterior compartment of alveolar 

recess, and just reach the bone septum in the floor of the MS 
(Fig. 2h, i). In contrast, the bone septum could be bypassed 
by applying flexible endoscope, visualizing the anterior 
compartment of alveolar recess, where a small cyst-like 
lesion exists (Fig. 2j–o).

Case 2 In a patient with malignant tumor of the MS, suspi-
cious lesions at the original site of tumor could be detected 
by flexible endoscopy, preventing recurrence in early stage.

The right MS with bone cortical discontinuity of the infe-
rior wall was filled with lesions, which were significantly 
enhanced on MRI (Fig. 3a–f). During the first operation, 
the original site of the tumor was observed mainly at the 
medial wall and the inferior wall, consistent with imaging 
characteristics (Fig. 3c–f). The tumor with the affected bone 
was completely removed via prelacrimal recess approach. 
Postoperative pathology revealed sinonasal low-grade non-
intestinal-type adenocarcinoma.

One year after the first surgery, recurring blood-stained 
nasal discharge were reported. However, the MS exhibited 
postoperative signals, suggesting thickening of the sinona-
sal mucosa and fibrotic scar probably, without obvious new 
lesions (Fig. 3g–l). We further performed endoscopy to eval-
uate the disease. The mucosa is smooth and no lesions could 
be revealed under 0° endoscope (Fig. 3m) or 70° endoscope 
(Fig. 3n, o). The visible range could be expanded using flex-
ible endoscope, revealing the total suspicious lesion located 
on the floor, the anterior wall and part of the medial wall 
of MS (Fig. 3p–u, Supplementary Video). In addition, the 
narrow band imaging (NBI) module of the flexible endo-
scope was performed for characterizing the lesion’s features, 
including vascular dilatation, mucosal edema, and hyper-
plastic granulation tissue. No characteristic abnormal vascu-
lar pattern was observed under NBI-endoscopic evaluation 
(Fig. 3u). The patient underwent lesion resection through 
prelacrimal recess again, and the postoperative pathology 
was foreign body granuloma. There was no further bleeding 
after surgery.

In these two clinical cases, we preliminarily confirmed 
the advantage of flexible endoscopy. However, it is difficult 
to measure the specific visual range in human body. Com-
paring the visual range of rigid and flexible endoscope, we 
built a 3D-printed MS model. The grid papers marked with 
different numbers were used to cover the entire bony inner 
walls of the left MS of 3D-printed model (Supplementary 
Table 1). The total internal surface area of the MS counted 
by 207 pieces of papers is about 51.75  cm2 (Table 1). The 
counts of grid papers on each wall vary, indicating their 
difference in area. Among, the area of inferior wall is the 
smallest, with 23 grid papers covered, equivalent to 5.75 
 cm2 (Table 1). The posterolateral wall, with the largest area, 
provides a total area of 13.5  cm2 marked with 54 grid papers 

Fig. 2  Bone septum on the inferior wall of MS bypassed via flex-
ible endoscope in Case 1. A–f Preoperative medical images of the 
patient, including CT images (a, b), T1 weighted contrast-enhanced 
MRI (c, d) and T2 weighted MRI (e, f). A bone septum (red arrows) 
was revealed clearly on CT image. g–i Inner surfaces of MS were 
observed by endoscopes through ostium (black arrows). Postoperative 
follow-up of MS using 0° (g) and 70° (h, i) rigid endoscopes. j–o The 
bone septum (red arrows) could be bypassed using flexible endoscope 
(Color figure online)

◂
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Fig. 3  Lesion on the floor of 
MS detected by flexible endo-
scope in Case 2. a–f Preop-
erative medical images of the 
patient, including CT images 
(a, b), T1 weighted contrast-
enhanced MRI (c, d) and T2 
weighted MRI (e, f). The right 
MS with bone cortical disconti-
nuity (red arrow) of the inferior 
wall was filled with lesions. 
The tumor located mainly at the 
medial and inferior wall (yellow 
arrows). g–l Images between 
two surgeries, including CT 
images (g, h), T1 weighted 
contrast-enhanced MRI (i, j) 
and T2 weighted MRI (k, l). 
The MS exhibited postoperative 
signals, suggesting thickening 
of the sinonasal mucosa and 
fibrotic scar probably (blue 
arrow). m–o Views of MS were 
observed by 0° (m) and 70° 
(n–o) endoscopes before second 
surgery. The lesion could hardly 
be found under 70° endo-
scope. p–u Views of MS were 
observed by flexible endoscope 
before second surgery. The ante-
rior wall was presented (black 
dotted line). After entering the 
ostium (black arrows) of MS, 
the whole lesion (yellow dotted 
line) could be seen. The lesion 
was vascular dilatation under 
NBI module (u) (Color figure 
online)
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(Table 1). The other three walls, including superior wall, 
anterior wall, and medial wall, are 8.75  cm2, 10.75  cm2, and 
 13cm2, respectively (Table 1).

Next, the two parts of the 3D-printed model are glued 
together. The walls with numbered grid papers are observed 
by different endoscopes, including 0° endoscope (Fig. 4a), 
45° endoscope (Fig. 4b), 70° endoscope (Fig. 4c, d), and 
flexible endoscope (Fig. 4e–h). The observed numbers are 
recorded (Supplementary Table 2) and the visual ranges 
from different angles by different endoscopes were marked 
with different colors to be present dramatically (Fig. 5). We 
calculated the respective visible area and its percentage of 
each wall, as well as the total visible area and its percent-
age of total inner surface of MS under different endoscopes 
(Table 2).

The results revealed that the visual area under 0° endo-
scope, which is 11.625  cm2 (accounting for 22.46% of total 
area), is smallest, followed by an area of 22.25  cm2 (account-
ing for 43% of total area) under 45° endoscope (Table 2). 
More than half of the inner surface can be observed under 
70° endoscope, with an area of 26  cm2 (accounting for 
50.24% of total area). This visual range is largest among 
rigid endoscopes. The scope of observation by the flexible 
endoscope exceeds that of the rigid endoscopes, with an area 
of 34.25  cm2 (accounting for 66.18% of total area) (Table 2).

Discussion

Inverted papilloma and malignant tumors originated fre-
quently within the MS [30–32]. The extensive develop-
ment of the techniques allows the effective treatment for 
lesions arising from each wall of the MS under endoscopy 
[6, 33]. Postoperative follow-up is essential for early detec-
tion of tumor recurrence, and further treatment. This could 
reduce the extent of surgery and prevent the metastasis for 
malignant tumors or malignant progress for inverted papil-
loma. However, it’s difficult to identify the recurrence in 
early stage through imaging tests, whether through MRI 
or CT. Endoscopy is still most intuitive and accurate in 
follow-up. However, the application value of rigid endo-
scope has great limitations, due to the limited visual range 

of the MS. At present, few studies have systematically 
explored the value of endoscopy for the postoperative 
follow-up of MS.

Our study investigated the visual range of MS under vari-
ous endoscopes through image modeling, 3D printing tech-
nology, and physical measurement. Combined with clinical 
applications, we confirmed the value of flexible endoscopy 
in the postoperative follow-up of MS. In general, the visual 
range of the flexible endoscope is wider than that of the 
rigid endoscopes, while range of the 70° endoscope is larg-
est among rigid endoscopes. Most walls of the MS can be 
observed, but there are still blind spots, including medial 
part of the anterior wall and the most part of medial wall.

The visual range of the posterolateral wall was widest 
among each wall of MS. More than a half range, located 
in the medial part of the wall, could be observed under 0° 
endoscope (Fig. 5c, d, Table 2). Therefore, it is suitable to 
use 0° endoscope for the follow-up of the tumor arising from 
medial part of the posterolateral wall, closed to the ostium 
of the MS. Moreover, almost all of the wall can be observed 
under all the other three types of endoscopes, including 45° 
endoscope, 70° endoscope and flexible endoscope (Fig. 5c, 
d, Table 2). Hence, these three types of endoscopes are 
appropriate in the postoperative follow-up for the tumor 
originating from the posterolateral wall of MS.

For the observation of the inferior wall, flexible endo-
scope has obvious advantages. It can display 89.13% area 
of the inferior wall, most of which concentrates around the 
medial part, almost completely covering the visible range 
under the 70° endoscope and other rigid endoscopes. In 
comparison, the visible range of the 0° endoscope is much 
smaller (Fig. 5h, Table 2). In case 2, tumors originated near 
the inferior wall where the rigid endoscope barely reach 
(Fig. 3m–o). By contrast, the entire lesion could be observed 
with a close-up view under flexible endoscope (Fig. 3s–u). 
Therefore, we recommend to use the flexible endoscope for 
postoperative follow-up when the primary tumor located on 
the inferior wall.

The visible range of the superior wall gradually increases 
in 0° endoscope, 45° endoscope, 70° endoscope and flex-
ible endoscope. 0° endoscope can only display 10% of the 
superior wall, near the ostium of the sinus, where could be 
completely covered under 45° endoscope. 51.43% of the wall 
could be observed under 70° endoscope, overlapping the 
visible range of 45° endoscope. The flexible endoscope can 
reveal a wider range, accounting for 68.57% of the superior 
wall, most of which overlapped with the scope of 70° endo-
scope, with a slight difference (Fig. 5g, Table 2). Therefore, 
for the follow-up of tumors from superior wall of the MS, the 
flexible endoscope has the widest view, while 70° endoscope 
can be a supplement for some scopes.

The anterior wall is a blind spot under 0° endoscope. 45° 
endoscope can only display 17.44% area of the anterior wall, 

Table 1  Statistics of counts and area of walls in MS

The wall of MS Total counts Area  (cm2)

Anterior wall 43 10.75
Posterolateral wall 54 13.5
Medial wall 52 13
Superior wall 35 8.75
Inferior wall 23 5.75
Total 207 51.75
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Fig. 4  Representations of the 
inner surface in MS model 
observed by endoscopes. a–d 
The visual range gradually 
increased under 0° (a), 45° (b), 
and 70° (c, d) rigid endoscopes. 
e–f Flexible endoscope revealed 
superior wall (e), posterolateral 
wall, zygomatic recess and ante-
rior wall (f), inferior wall (g), 
medial wall, inferior wall (h)
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and that could be expanded to 37.21% by 70° endoscope. 
Flexible endoscope performed best, displaying 51.16% area 
of the anterior wall, which almost covering the observation 
range of rigid endoscopes. However, the medial part of the 
anterior wall still could not be visualized by any endoscope 
(Fig. 5a, b, Table 2). Although it was reported the feasibility 
of trans-oral access with flexible endoscope [34], the clinical 

application is difficult to achieve such a bending angle. More 
studies are needed to verify.

The visual range of the medial wall is largest under flex-
ible endoscope, accounting for 31.73%. The range decreased 
under rigid endoscopes (Fig. 5e–f, Table 2). Therefore, the 
follow-up value of endoscopy for the medial wall is limited 
whether under rigid endoscopes or flexible endoscope. In 

Fig. 5  The visual range of MS 
model under rigid and flexible 
endoscopes. The visual range 
of 0°, 45°, 70° rigid endo-
scopes, and flexible endoscope 
were marked by black line, 
green line, yellow line, and red 
shadow, respectively. The view 
of anterior wall in the upper (a) 
and lower (b) parts, posterolat-
eral wall of the upper (c) and 
lower (d) parts, medial wall of 
the upper (e) and lower (f) parts, 
superior wall (g), inferior wall 
(h) were observed by endo-
scopes (Color figure online)
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clinical application, however, the tumor can be completely 
resected with the bone of the medial wall through the prelac-
rimal recess approach, which greatly reduced the probability 
of its in-situ recurrence.

Due to the variability of the MS in each person, the 
specific visual range in clinical application may vary from 
person to person. While the size of the ostium is distinc-
tive for each person, even lesions were removed through 
the prelacrimal recess approach, the natural ostium should 
be expanded as much as possible during the operation to 
simplify the postoperative follow-up.

Although the operation of flexible endoscope is slightly 
more complex than that of 0° rigid endoscope, a well-trained 
otolaryngologist who is familiar with larynx examination 
using flexible endoscope is competent for the inspection 
of MS using flexible endoscope. Before operation, 0.05% 
oxymetazoline plus 1% tetracaine was used to help reduce 
nasal congestion and alleviate pain. The steps of operation 
are listed below. Operator holds the endoscope with left hand 
and assists the tip with right hand, then inserts the endoscope 
into the nostril gently and advances it slowly along the nasal 
cavity into the middle meatus. When operator reaches the 
plane of natural ostium of MS, bends the tip down with the 
the thumb controller and rotates the endoscope, orientating 
to the natural ostium before entering the MS.

We present some clinical experience in performing flex-
ible endoscopy. Firstly, when the tip reaches the ostium of 
the MS, the neck of the flexible endoscope is controlled to 
bend down by the thumb controller. Since the "neck tip" part 
of the endoscope can only be bent upwards or downwards, 
it is necessary to rotate the endoscopic body about 90° with 
left hand at the same time. Correspondingly, the vision under 
the endoscope has also changed. This requires the operator 
to be skilled at the manipulation of the endoscope, as well 
as familiar with the structure and reference signs under the 
endoscope, so as not to “get lost” in nasal cavity and sinus. 
Secondly, when the flexible endoscope reaches the ostium 
of MS, it is usually recommended to start the neck bending 
at the posterior border of the ostium before entering, so as to 
obtain more room for rotation, enable smooth entry into the 
MS, and allow more freedom of movement inside the sinus.

The advancing direction of the flexible endoscope is the 
viewing direction, which makes it easy to understand. How-
ever, it is slightly more difficult to advance in the direction 
due to its flexibility. In contrast, the advancing direction is 
inconsistent with the viewing direction of the 45° or 70° 
rigid endoscope, which makes it confused, but the rigid 
endoscope is easier to control. In a word, the degree of dif-
ficulty for operation of them is similar.

In terms of comfort, all patients consistently have a better 
experience with the flexible endoscope and complain less 
discomfort during the operation. When examining the MS 
with a 45° or 70° rigid endoscope, the endoscope may often 
touch and squeeze the middle and inferior turbinates due to 
the difficulty in judging the advancing direction. In order 
to obtain largest visual range, the operator may constantly 
move the endoscope back and forth near the MS ostium to 
change the viewing angle, which will continuously increase 
the compression of the middle and inferior turbinates and 
cause discomfort to patients. The flexible endoscope is much 
softer to put less pressure on surrounding tissue. Therefore, 
for patients with narrow nasal cavity, pain sensitivity, or 
poor cooperation ability, the advantages of flexible endos-
copy are more obvious.

Some flexible endoscopes also have an NBI module, 
which enables detection of small blood vessels under the 
mucosa [35]. It has been widely used in otolaryngology 
(mainly in pharynx and larynx) to identify premalignant and 
malignant lesions. In the examination of nasal cavity and 
sinus, the application value of NBI has been reported, pre-
liminarily classifying the nasal and sinus mucosa under NBI 
[36–40]. That could be useful in diagnosing nasal diseases, 
especially in distinguishing benign and malignant tumors. 
In this study, the NBI was applied in one case to observe the 
characterization of lesion, with vascular dilation and aggre-
gation (Fig. 3u, Supplementary Video). No typical vascular 
signs were observed, consistent with the benign postopera-
tive pathology.

Another advantage of flexible endoscope is that some 
have an accessory channel through which matched biopsy 
forceps can pass. At present, biopsy technology under flex-
ible endoscope is widely used in the larynx, hypopharynx, 

Table 2  Statistics of visual range under rigid and flexible endoscopes

Visual range (Per-
centage)

Anterior wall Posterolateral wall Medial wall Superior wall Inferior wall Total

0° endoscope 0  cm2 (0%) 7.625  cm2 
(56.48%)

1.75  cm2 (13.46%) 0.875  cm2 (10%) 1.375  cm2 
(23.91%)

11.625  cm2 
(22.46%)

45° endoscope 1.875  cm2 
(17.44%)

13.25  cm2 
(98.15%)

1.5  cm2 (11.54%) 3  cm2 (34.29%) 2.625  cm2 
(45.65%)

22.25  cm2 (43%)

70° endoscope 4  cm2 (37.21%) 13  cm2 (96.3%) 1.5  cm2 (11.54%) 4.5  cm2 (51.43%) 3  cm2 (52.17%) 26  cm2 (50.24%)
Flexible endoscope 5.5  cm2 (51.16%) 13.5  cm2 (100%) 4.125  cm2 

(31.73%)
6  cm2 (68.57%) 5.125  cm2 

(89.13%)
34.25  cm2 (66.18%)
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and gastrointestinal tract [41–43]. It can be tried in nasal 
sinuses. Forceps can be inserted for biopsy suspicious 
lesions, whose pathology results will help to guide the 
diagnosis and treatment. However, when biopsy forceps 
are inserted, the bending angle of the endoscope will be 
reduced to a certain extent. Therefore, development of flex-
ible instruments suitable for MS will be a very attractive 
research direction.

In summary, flexible endoscope is dominant for display-
ing of each wall of the MS. We recommend flexible endos-
copy as a routine practice in the postoperative follow-up for 
lesions within MS, especially from the anterior wall, medial 
wall, and inferior wall. If the lesion is located on the postero-
lateral wall, 45° endoscope and 70° endoscope are optional 
for follow-up, and 0° endoscope could be adequate for the 
lesion from the medial part of posterolateral wall. For the 
superior wall, although the visual range under 70° endo-
scope is slightly smaller than that of the flexible endoscope, 
70° endoscope can be a supplement for some scopes.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00464- 022- 09410-8.
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