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Background and Objectives   We evaluated the symptom improvement, surgical outcomes 
and post-operative complications of the figure of 8 anchoring suture technique using polycap-
rolactone (PCL) nasal mesh for the treatment of caudal septal subluxation. 
Subjects and Method   We conducted a retrospective study of patients who underwent be-
tween March 2020 and March 2021 endonasal septoplasty using the figure of 8 anchoring su-
ture technique and a PCL nasal mesh as a protective supporting graft. Fourteen patients were 
divided into two groups, the allergic and non-allergic rhinitis group. Symptom improvements 
were assessed using the Nasal Obstruction Symptoms Evaluation (NOSE) scores and visual 
analog scale (VAS) scores for epistaxis and headache. Post-operative patient-reported subjec-
tive changes in nasal obstruction were also recorded. All evaluations were conducted one to 
four months post-operatively.
Results   Post-operative endoscopic examination revealed that all patients had their septum 
straightened. The mean post-operative NOSE scores in overall and each item were significant-
ly lower than the mean NOSE scores in the pre-operative period (p<0.05). The mean post-op-
erative NOSE scores for patients both with and without allergic rhinitis were also significantly 
decreased compared to those in the pre-operative period (p<0.05). A decrease in VAS scores 
was significant (p=0.008) for headache but not for epistaxis (p=0.141). All patients reported 
improvement of subjective nasal obstruction post-operatively.
Conclusion   The use of figure of 8 anchoring suture technique with a PCL nasal mesh as a 
protective and supportive graft was proven to be a successful method for correcting caudal 
septal subluxation. Korean J Otorhinolaryngol-Head Neck Surg 2022;65(7):386-93
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Introduction

Nasal septal deviation is common cause of nasal obstruc-
tion, and even small caudal septal deviations can lead to se-
vere symptoms by narrowing the external valve area. Correc-
tion of caudal septal deviation is challenging owing to intrinsic 
cartilage memory and the possibility of weakening of the cau-
dal septal support with subsequent nasal deformity.1) In par-
ticular, the caudal part of the septum abuts the anterior nasal 
spine and premaxilla bone, and its subluxation or dislocation 
can further aggravate nasal congestion and stuffiness. 

A previous study introduced the figure of 8 anchoring su-
ture technique to correct caudal subluxation over the anterior 
nasal spine;2) however, a fragile or weakened manipulated car-
tilaginous caudal septum can be fractured due to the strong 
compression force generated by the knot of an anchoring su-
ture, causing subsequent nasal deformity. Therefore, several 
surgeons have started to use autologous implants, such as na-
sal septal cartilages or bony septum, as grafts to protect and 
further support the caudal septal cartilage.3-5) However, sur-
geons may not always obtain straight and sufficiently strong 
autologous implants in cases of severely deviated septal carti-
lage, trauma, and revision septal surgery. Moreover, bone re-
sorption can cause recurrence of deviation, and the bony sep-
tum can further narrow the nasal airway where it is placed.6)

Several alloplastic implant materials have been developed 
to overcome the disadvantages of autologous implants; how-
ever, complications such as infection, displacement, protru-
sion, skin problems, and contracture are still an issue.7,8) Recent-
ly, a three-dimensional (3D) printed polycaprolactone (PCL) 
nasal mesh has been introduced as an alternative to autologous 
implants. It is a biocompatible and biodegradable nasal im-
plant, proven to have proper mechanical support, thinness, 
and surgical manipulability.9-11)

This study aimed to evaluate the symptom improvement, 
surgical outcomes, and post-operative complications in patients 
with caudal septal subluxation treated by the figure of 8 an-
choring suture technique using a PCL nasal mesh as a protec-
tive and supportive material for the manipulated caudal sep-
tal cartilage.

Subjects and Methods

Patients
Fourteen patients with caudal septal subluxation who un-

derwent endonasal septoplasty with the figure of 8 anchor-

ing suture technique and a PCL nasal mesh (TnR Mesh; T&R 
Biofab Co. Ltd, Siheung, Korea) as a structurally supporting 
graft between March 2020 and March 2021 at the Korea Uni-
versity Guro Hospital were included. Information on the pa-
tient’s demographic characteristics; history of nasal surgery; 
comorbid diseases (chronic rhinosinusitis, asthma, and aller-
gic rhinitis); and the degree of symptom improvement were 
gathered from medical records. All patients complained of na-
sal obstruction for more than three months pre-operatively. In 
particular, patients with allergic rhinitis were those who con-
tinued to have persistent nasal obstruction despite using nasal 
decongestants and antihistamines. A single surgeon (I.H.P) 
performed all surgical procedures and patients with concomi-
tant endoscopic sinus surgery, rhinoplasty, excision, or sub-
mucosal turbinoplasty were included in this study. Patients 
with allergic rhinitis continued using nasal decongestants and 
antihistamines post-operatively. We divided the patients into 
those with and without allergic rhinitis to perform a subanaly-
sis. The Institutional Review Board (IRB) of Korea University 
Guro Hospital approved this study (IRB No. 2021GR0258).

Surgical procedures
All surgical procedures were performed under general an-

esthesia. A hemitransfixion incision was made at the left cau-
dal end of the septal cartilage through the endonasal approach, 
and the bilateral mucoperichondrial flap was raised from the 
caudal end to the perpendicular plate of the ethmoid, vomer 
and maxillary crest (Figs. 1A and 2A). Deviated cartilaginous 
and bony portions were excised. The caudal septal cartilage 
was separated from the anterior nasal spine for repositioning 
and the excessive part of the caudal septal cartilage over the 
anterior nasal spine was excised in a v-shaped notch (Figs. 1B 
and 2B). Thereafter, two PCL nasal meshes were carved to 
oval to round shape with a diameter of 5-8 mm and sutured 
on both sides of the caudal septal cartilage using two to three 
stitches (4-0 polydioxanone sutures) (Fig. 1C). Two holes were 
drilled through the anterior nasal spine (Fig. 2C). The com-
plex of caudal septal cartilage with PCL nasal meshes was re-
aligned along the midline and fixed against the anterior nasal 
spine by the figure of 8 anchoring suture technique through 
the holes of the anterior nasal spine with nylon 3-0 (Figs. 1D 
and 2D). The hemitransfixion incision was closed using a 3-0 
vicryl suture. Silastic sheets were positioned bilaterally in the 
nasal cavity and sutured to the septum. Bilateral nasal pack-
ing was performed (RAPID RHINO; Arthocare, Austin, TX, 
USA), and the operation was completed once straightening 
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of the deviated caudal septum was confirmed. Bilateral nasal 
packing was removed on the second day, and the silastic sheets 
were removed 2 weeks after the operation. 

Clinical outcome assessment 
Two otolaryngologists who were blinded to the study indi-

vidually evaluated the pre- and post-operative endoscopic pho-
tographs of the caudal septum and categorized them into three 
groups of “straight,” “improved but with residual deviation,” 
and “no change.” If there is a disagreement between two oto-
laryngologists, the worse outcome was recorded. Symptom 
improvement was evaluated using Nasal Obstruction Symp-
toms Evaluation (NOSE), and it constituted of five individual 
self-rated items scored from 0 (no problem) to 20 (extremely 
severe) per item. Visual analog scale (VAS) (scores ranging 
from 0 [no problem] to 10 [extremely severe]) was used for as-
sessing epistaxis and headache. Additionally, we ascertained 
subjective surgical outcomes via a patient-reported question-
naire survey that enquired about a subjective change of nasal 
obstruction (“considerably worsened,” “worsened,” “no 
change,” “improved,” and “considerably improved”) post-op-
eratively. Patients evaluated pre- and post-operative symptom 
scores at an outpatient clinic, and all post-operative evaluations 
including endoscopic photographs were performed from 1 to 

4 months after surgery. 

Statistical analysis
Statistical analysis was performed using the SPSS software 

(version 22.0, IBM Corp., Armonk, NY, USA). For quantita-
tive variables, the values were expressed as mean (standard 
deviation). A paired t-test and Wilcoxon signed-rank test were 
used to compare pre- and post-operative NOSE and VAS 
scores. For the subanalysis, a comparison of pre and post-
operative NOSE scores in patients with and without allergic 
rhinitis was conducted using Wilcoxon signed-rank test. Sta-
tistical significance was set at p<0.05. 

Results

A total of 14 patients (11 male and 3 female) were included 
in this study, and their mean age was 40.6±17.3 years (range, 
17-72 years). Three (21.4%), one (7.1%), and six (42.8%) pa-
tients had chronic rhinosinusitis, asthma, and allergic rhinitis 
as comorbid diseases, respectively. None of the patients had 
a history of previous septal surgeries. Three (21.4%), eleven 
(78.6%), one (7.1%), and one (7.1%) patients underwent endo-
scopic sinus surgery, turbinate surgery, intranasal excision, 
and rhinoplasty at the same time as their endonasal septoplas-
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Fig. 1. Schematic representation of caudal septal subluxation (A); excision of excessive septal cartilage (B); placement of PCL nasal 
meshes (C); fixation using a figure of 8 anchoring suture (D). PCL, polycaprolactone.

A B C D
Fig. 2. Intraoperative images of caudal septal subluxation (A); excision of excessive septal cartilage (B); two holes made through the 
anterior nasal spine by drilling (C); fixation using a figure of 8 anchoring suture (D).
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ty, respectively. The mean follow-up period was 63.6±21.1 
days (range, 30-124 days). 

Pre- and post-operative endoscopic images of the bilateral 
nasal cavity in all 14 patients are shown in Fig. 3. Post-oper-
ative endoscopic examinations revealed that all patients had 
their septum straightened. The mean post-operative NOSE 
scores in overall and each item were significantly lower than 
the mean NOSE scores in the pre-operative period (Fig. 4A). 
The mean pre- and post-operative NOSE scores were 55.2±
23.8 and 5.7±11.4, respectively (p<0.05). The mean post-op-
erative NOSE scores for both patients with and without al-
lergic rhinitis were also significantly decreased compared to 
those in the pre-operative period (Fig. 4A). The mean pre- and 
post-operative NOSE scores were 54.1±24.1 and 7.5±16.0 
for patients with allergic rhinitis, respectively (p<0.001), and 
55.6± 25.2 and 4.3±7.2 for patients without allergic rhinitis, 
respectively (p=0.002). A decrease in VAS scores was statis-
tically significant (p=0.008) for headache but not for epistax-
is (p= 0.141). The VAS score of headache decreased from 2.0 
to 0.6 post-operatively (Fig. 4B). In terms of subjective sur-

gical outcomes, every patient reported that their nasal ob-
struction had improved or considerably improved post-oper-
atively (Fig. 4C). 

Two post-operative complications were observed. A male pa-
tient visited the outpatient clinic with septal epistaxis 7 days 
after surgery and was managed using electrocautery. Another 
male patient (No. 6 in Fig. 3, endoscopic photographs taken 
before extrusion) visited the outpatient clinic with extrusion 
of the implanted PCL nasal mesh and foreign body sensation 
in the left nasal cavity 4 months after surgery. The nasal mesh 
was easily removed, and there were no signs of infection or in-
flammation. Moreover, NOSE scores did not increase again, 
and the caudal septum remained straight in position. NOSE 
scores obtained 4 months after surgery, which was after re-
moval of extruded nasal mesh, were included for statistical 
analysis.

Discussion

Several septoplasty techniques including swinging door 

Fig. 3. Pre- and post-operative endoscopic images of the bilateral nasal cavity in all 14 patients.
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maneuvers, cartilage reshaping, and repositioning methods 
have been proposed to correct caudal septal cartilage sublux-
ation.2,12-14) However, none of them are widely accepted as the 
standard procedure owing to the possibility of undercorrec-
tion or overcorrection of caudal cartilage deviation. Moreover, 
weakening of the L-strut structure with subsequent nasal tip 
deformity is not ignorable, and it makes surgeons passive and 
cautious in correcting caudal septal subluxation. A previous 
study published in 2005 introduced the figure of 8 anchoring 
suture technique to correct caudal subluxation over the ante-
rior nasal spine,2) and this surgical technique has been adopted 
by several surgeons pursuing radical management of caudal 
septal subluxation. However, a fragile or weakened manipu-
lated cartilaginous caudal septum can be fractured due to 
the strong compression force generated by the knot of an an-
choring suture, causing a subsequent nasal deformity. Tight 
suturing with sufficient force is essential for maintaining the 
shape or stability of the manipulated caudal septum. 

Placement of grafts on the caudal septum is an effective 
method for protecting and supporting the manipulated cau-

dal septum. Septal, auricular, and costal cartilages are possi-
ble autologous candidates as they are biocompatible, nonim-
munogenic, and have a low risk of infection and extrusion.15-17) 
Among these, septal bone is one of the most commonly har-
vested materials during surgery and has several advantages, 
including providing mechanical nasal tip support of the L-
strut, preventing cartilage recoiling, and protecting the septal 
cartilage from being fractured due to the strong compression 
force generated by the knot of an anchoring suture. However, 
bony grafts have several disadvantages. First, it can be diffi-
cult to consistently harvest autologous septal bone with suffi-
cient size and strength in cases of a severely deviated septum. 
Moreover, additional manipulation or thinning is required if 
the harvested bone is sufficiently thick to further narrow the 
nasal valve area. Therefore, ideal alloplastic grafting materials 
with sufficient strength but thin structures have been widely 
investigated. 

Previous studies have reported the use of alloplastic bioab-
sorbable plates for an internal septal splint or L-strut support 
in septorhinoplasty and demonstrated good surgical outcomes 
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for stabilizing and straightening the septum.18,19) Particularly, 
a few studies of clinical application of 3D-printed PCL mesh 
in rhinoplasty proved its safe and effective aspects in terms of 
nasal reconstruction.11,20) However, a limited number of stud-
ies have investigated endonasal septoplasty using a PCL im-
plants for correcting caudal septal deviation. Recently, Kim, 
et al.9) studied 20 patients with caudal septal deviations who 
underwent endonasal septoplasty using microporous PCL na-
sal implants as septal batten grafts, and showed good surgi-
cal results and a substantial decrease in post-operative NOSE 
scores. This study by Kim, et al. differed from our study in 
that they simply placed a PCL nasal mesh on the concave side. 
A PCL nasal mesh has not only the same advantages as bony 
grafts but also several additional merits. First, it is a commer-
cially available material and its use is not affected by the se-
verity of the septal deviation. Second, it is much easier to 
surgically manipulate than bony grafts, thereby reducing the 
operation time. For example, simple scissors are sufficient to 
tailor a PCL nasal mesh, while a bony graft requires drilling 
or surgical instruments. Third, a PCL nasal mesh is quite thin 
(0.5 mm) and, therefore, does not cause narrowing of the na-
sal valve area. Fourth, a PCL nasal mesh offers mechanical 
stability and protects the septal cartilage until the manipulat-
ed cartilage heals despite its small diameter. Its microporous 
structure is believed to enable ingrowth of host tissue and sig-
nificant integration with the surrounding soft tissue without 
inflammation or immune response.20) In addition, its micro-
porous structure of a pore size of 500 μm enables vascular 
formation and growth. Generally, a pore size of 150-500 μm 
is known to be sufficient for vascularization and blood ves-
sel invasion.21) Lastly, a PCL is known to be degraded slowly 
resulting in lesser inflammatory or immune response and its 
structural stability can be maintained up to 2 to 4 years.20,22,23)

In this study, endonasal septoplasty using 3D printed PCL 
nasal meshes as protective and supportive grafts was per-
formed for correcting caudal septal subluxation, and clinical 
outcomes were evaluated based on endoscopic images and 
questionnaires completed by patients. We achieved straight-
ening and strengthening of the caudal septum in all 14 pa-
tients post-operatively, even with a small sized PCL nasal mesh 
(5-8 mm) (Fig. 3). This means that this surgical technique is 
reproducible and effectively protects the manipulated septal 
cartilage in addition to providing substantial mechanical sup-
port to the caudal septum. Furthermore, placement of PCL 
nasal meshes in a “sandwich” manner did not manifest further 
nasal obstruction, meaning that it did not significantly reduce 

the volume of the anterior nasal cavity. Substantial improve-
ments in post-operative NOSE scores were observed, and ev-
ery patient reported their nasal obstruction being “improved” 
or “considerably improved” after surgery. Even patients with 
allergic rhinitis, whose nasal congestion did not improve de-
spite taking medications, benefited from the endonasal sep-
toplasty with the figure of 8 anchoring suture technique and 
a PCL nasal mesh. For headache and epistaxis, there were 
not much differences in between pre- and post-operative VAS 
scores although a decrease in VAS scores for headache was 
statistically significant. Headache and epistaxis are nonspe-
cific nasal symptoms, and initial VAS scores for epistaxis and 
headache were low. In this study, patients who underwent con-
current surgery (endoscopic sinus surgery, rhinoplasty or in-
ferior turbinoplasty) were included. However, both endoscopic 
sinus surgery and rhinoplasty were considered to be irrele-
vant to nasal obstruction for the purpose of performing sur-
gery because any distinct cause for nasal obstruction in nasal 
cavity was not found. Only cases in which nasal septal devia-
tion was considered to be the sole cause of nasal obstruction 
were included. In addition, the purpose of concurrent turbin-
oplasty was that hypertrophy of inferior turbinate on the con-
cave side could cause secondary nasal obstruction on the con-
cave side that was rather narrowed as the deviated nasal septum 
was corrected. Therefore, it was not performed for the purpose 
of relieving the initial nasal obstruction. 

Two complications were observed during the post-opera-
tive period, one of which was an extrusion of the implanted 
PCL nasal mesh and subsequent foreign body sensation in 
the left nasal cavity 4 months after surgery. Complications in-
cluding infection, displacement, extrusion, and skin problems, 
related to alloplastic materials have been an issue in replacing 
autologous materials.7) According to previous studies focusing 
on the safety and efficacy of using Gore-Tex in nasal dorsum 
surgery, the infection rates ranged from 0% to 3.2%.24-26) Ex-
trusion rates of silicone implants ranged from 2.1% to 3.7%.27) 
In case of PCL, a preclinical study was performed in an ex-
perimental rabbit model and showed no post-operative com-
plications such as graft extrusion and skin infection during 
the post-operative 12 weeks.28) Further histologic assessment 
proved that inflammatory cell infiltration in the implanted 
groups was comparable to that in the sham group. A clinical 
study of using PCL in rhinoplasty was also performed and 
demonstrated that 101 patients whose follow-up period ranged 
from 12 to 30 months showed no definite graft warping, ab-
sorption, or extrusion.20) Histopathological analysis found that 
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the scaffold structure of implanted PCL preserved well dur-
ing the post-operative 20 months and material-related inflam-
matory cell infiltration was not detected. Mesh-related infec-
tion occurred in two (2.0%) cases without extrusion. A similar 
study performing rhinoplasty with PCL mesh as a graft report-
ed approximately 1% of material-related complication rates 
including mesh infection and exposure, and its mean follow-
up period was 11.9 months.11) In our study, infectious signs 
were not found in any of the 14 patients, including a male pa-
tient with nasal mesh extrusion. When the follow-up period 
was set to the date of the most recent outpatient visit, there 
was no further signs of infection or extrusion of the implant-
ed PCL nasal mesh. The range of the follow-up period till the 
most recent outpatient visit was from 58 to 426 days and the 
mean follow-up period was 232.4 days. Therefore, results of 
this study were consistent with other studies utilizing a PCL 
nasal mesh, implying that a PCL nasal mesh is a safe and bio-
compatible material. However, there are several steps to take 
precautions against mesh infection or extrusion. First, the min-
imum amount of implant, but large enough to protect septal 
cartilage, should be used and the area where the septal incision 
and the implant meet should be minimized. Second, septal mu-
cosa should not be tensioned by the implanted material. After 
surgery, frequent nasal irrigation is recommended and patients 
are advised not to irritate the surgical site by fingers. 

This study had some limitations. First, there were a limited 
number of study patients. Second, the follow-up time was lim-
ited to 4 months after surgery; therefore, long-term outcomes 
were not assessed. Third, we included patients who underwent 
concomitant surgery (endoscopic sinus surgery, rhinoplasty 
or inferior turbinoplasty) with septoplasty, thereby increasing 
the heterogeneity of the study population. In other words, there 
are limitations in evaluating the effects of septoplasty and in-
ferior turbinoplasty individually at the same time. Fourth, 
objective tools such as acoustic rhinometry were not utilized. 
Therefore, it was not possible to determine how a PCL nasal 
mesh affects the change in the volume of the nasal cavity. 

Correction of caudal septal subluxation using the figure of 
8 anchoring suture technique with a PCL nasal mesh as a 
protective and supportive graft was proven to be a successful 
method. A PCL nasal mesh effectively protected the manip-
ulated septal cartilage from crumbling and allowed surgeons 
to use sufficient force when trying a figure of 8 knot. A PCL 
nasal mesh attached to the septal cartilage and the anterior 
nasal spine facilitated surgical correction of severe caudal sep-
tal subluxation, and exhibited mechanical stability, despite 

its small size until the manipulated cartilage was healed. Fu-
ture large-scale studies with long-term follow-up data are need-
ed to further clarify surgical and patient-reported outcomes in 
addition to the types and rates of post-operative complications. 
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