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ABSTRACT

Objective:

Several methods have been reported to correct caudal deviation of the nasal
septum, including open septorhinoplasty (OSR) and septoplasty with Killian incision (KI).
In general, OSR is applied instead of KI for caudal deviation. However, there is little
objective evidence own on the effects of OSR and KI for caudal deviation. In this study,
we compared surgical outcomes between OSR and KI by quantifying nasal septum
deviation using two simple and objective parameters on routine paranasal sinus CT scans.
Methods:

We retrospectively analyzed 18 patients who underwent OSR and 11 patients
who underwent septoplasty with KI between April 2006 and October 2019. Caudal
deviation was defined on the basis of the “Anterior-posterior Position of the most deviated
point of the nasal septum (AP),” which was measured on computerized tomography. The
deformation rate (DR) of the nasal septum was also calculated. Nasal airway resistance
and visual analogue scale (VAS) score for nasal obstruction were examined.

Results:

The AP was significantly correlated with the VAS score (r=-0.58, p=0.017). The
DR in patients with caudal septal deviation was significantly decreased by OSR
(0.14+0.06 to 0.03+0.03, p=0.004), but not by KI (0.09+0.08 to 0.04+0.03, p=0.25). OSR
also improved nasal airway resistance (1.10+0.44 to 0.42+0.15, p=0.02), and the VAS
score (79.11+14.74 to 5.78+7.89, p=0.004).

Conclusion:

Nasal obstruction is more severe in patients with the caudal deviation. OSR
corrects caudal deviation of the nasal septum more effectively than does KI. The AP could
be useful for the evaluation of the deviation of the nasal septum and help in selecting the

appropriate septoplastic technique.
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Killian incision, nasal obstruction



INTRODUCTION

Septoplasty is a surgical procedure for the correction of a deviated nasal septum,
which is one of the major etiologies of nasal obstruction.[1] Several surgical techniques
have been proposed to correct the various degrees of nasal septum deviation, including
open septorhinoplasty (OSR) and endoscopic septoplasty with Killian incision (KI).[2]
OSR addresses the deviated nasal septum from the anterior edge of the nasal septum
cartilage via a small skin incision on the columella nasi.[3, 4] This surgical technique
enables correction of deformation of the anterior part of the nasal septum, referred to as
caudal deviation.[5-7] In contrast, KI cannot address the anterior part of the nasal septum
as the incision is usually made in the mucosa posterior to or just on the anterior part of
the nasal septum, not on the external skin of the nose (Figure la). In general, KI is
preferred for cases without caudal deviation as the technique doesn’t require an external
skin incision, and OSR is often applied for cases with caudal deviation.[8, 9] However,
no objective data have been provided on whether OSR does correct deviation of anterior
part of the nasal septum, and there is no evidence that KI cannot correct caudal deviation.
Further, no selection criteria for these different techniques of septoplasty have been
established.

So far, little evidence has been presented regarding septoplasty, although the
surgical procedure is one of the most frequently performed ENT operations. Recently, for
the first time ever, a randomized controlled trial on septoplasty was reported and showed
that septoplasty significantly improved nasal obstruction in comparison with non-surgical
management.[10] However, neither the indication criteria for septoplasty nor the selection
of different surgical techniques has been documented. Although caudal deviation is an
important factor in terms of choosing between the different techniques, no definition of
caudal deviation has been clearly established to date. At present, these clinically important
judgements often depend on the surgeon’s subjective preference based on their clinical
experiences, not on robust objective data.[11]

The lack of high quality evidence regarding septoplasty is partly because there
has been no standard method for evaluating nasal septum deviation.[12-14] It is true that
numerous methods have been designed for the evaluation nasal septum deviation and
internal nasal valve areas using acoustic rhinomanometry, optical coherence tomography
and paranasal sinus computerized tomography(CT);[15-17] however, these are difficult
to apply in daily practice as they require special devices or complicated morphological
analysis. As mentioned above, there is no established method for evaluating the nasal

septum, and a new evaluation method that can contribute to the selection of the



appropriate surgical technique is required.

In this study, we compared surgical outcomes between OSR and KI by
quantifying nasal septum deviation using two simple and objective parameters on routine
paranasal sinus CT scans. Based on these new simple parameters, we also set criteria for
judging caudal deviation in an objective way and evaluated surgical outcomes of

septoplasties in cases with or without caudal deviation.



MATERIALS AND METHODS

Patients

We retrospectively examined 18 patients with deviated nasal septum who
underwent OSR and 11 patients who underwent septoplasty with KI between April 2006
and October 2019 at the Department of Otolaryngology, Hokkaido University Hospital.
Before 2012, septoplasty with KI was performed for all patients with septal deviation.
Since 2012, we have performed OSR for patients whom the surgeon subjectively
considered to have caudal deviation and/or nose deformity. For all other patients,
septoplasty with KI was performed. The paranasal sinus CT scans of the patients were
reviewed, and nasal airway resistance and VAS score for nasal obstruction were
retrospectively examined based on their medical records. This study was approved by the
Institutional Review Board for Clinical Research of Hokkaido University Hospital,
Sapporo, Japan (020-0141), and was conducted in accordance with the Declaration of
Helsinki.

Computerized tomography (CT) imaging

CT examinations of the maxillofacial and paranasal sinus were performed by
using 320-slice area detector CT scanners (Aquilion ONE/Vision Edition) in the standard
axial plane with a collimation of 0.5 mm, at 120 kV and 80 mA or less and a rotation time
of 1.0 s. The subject’s head was placed in a neutral position, without chin tilt, to match
the infraorbito-meatal line (IOM line), which was drawn between the infraorbital margin
and the external acoustic meatus. Coronal and sagittal multiplanar reconstruction (MPR)
images were obtained from the axial images. Here, the coronal and sagittal images were

adjusted so that these planes were perpendicular to the IOM plane.

Evaluation of nasal septum deviation

In order to evaluate deviation of the nasal septum, we adopted two objective
parameters of the most deviated point of the nasal septum (MDP); the Anterior-posterior
Position of the MDP (AP) and the deformation rate (DR) [18] (Figure 1b).

The AP was measured by the following protocol,

1) First, the MDP was identified using coronal and horizontal CT scans.

2) Then, the distance between “the coronal CT scan including the tip of the
anterior nasal spine (ANS)” and “the coronal CT scan including the MDP” was measured

using sagittal CT scans.



The DR value was calculated by the following numerical formula,

DR = (a-b)/b={(al+a2)-b} /b.

Here, (a) is the maximal flexural deformed length at the MDP. (al) is the upper
side of the deformed septum cartilage; i.e., the distance from the top of the nasal septum
cartilage to the nasal crest. (a2) is the lower side of the deformed septum cartilage; i.e.,
the distance from bottom of the nasal septum to the nasal crest. (a) is (al) + (a2), and (b)
is the original vertical length; i.e., the distance from the top of the nasal septum cartilage

to the bottom of the nasal septum (Figure 2).

Criteria for caudal deviation of the nasal septum
The caudal area of the nasal septum within 10-15 mm from the caudal end is an
important structure to maintenance of the shape of the nose and is referred to as the L-

strut.[ 19] Caudal deviation of the nasal septum was defined AP < 15 mm.

Surgery techniques

For OSR: a V-shaped skin incision was made in the columella nasi, followed by
elevation of the skin. The lower lateral cartilages were spread and the caudal edge of nasal
septal cartilage was exposed at the midpoint of the lower lateral cartilages. A No. 15
scalpel was used to cut the mucosa at the edge of nasal septal cartilage and the
mucoperichondrium on both sides of the nasal septum was elevated. Endoscopically, a
portion of the nasal septal cartilage was resected with the L-strut left intact. In cases in
which the L-strut was too long for the height of the nasal cavity, the inferior edge of the
L-strut was appropriately shortened and the remaining sections of the L-strut were sutured
to the nasal floor. The perpendicular plate and vomer also were resected. The harvested
nasal septal cartilage was used as a batten graft or a spreader graft to correct external
and/or internal nasal deformation, where necessary. Quilting sutures were placed through
the septum to hold the flaps together. The skin of the ala nasi was also closed. As the final
step in the procedure, silicon plates were placed on both sides of the nasal septum and the
nasal cavities were packed with gauze for 4 days.

For KI: a mucosal incision was made in the junction between nasal vestibule skin
and nasal mucosa on the left nasal septum. The mucoperichondrium on the left side of the

nasal septum was elevated, leaving the right side intact. The perpendicular plate and



vomer were resected, while the majority of the nasal septum including the L-strut was left
untouched. The following steps were same as for OSR, except that the closure of the skin

of the ala nasi was unnecessary.[20]

Rhinomanometry

Nasal flow (ml/s) and pressure (Pa) at the narrow side of the nasal cavities were
measured by rhinomanometry. Nasal airflow resistance (Pa/ml/s) was calculated at 100
Pa.

Visual analogue scale for nasal obstruction
Preoperative and postoperative symptoms of nasal obstruction were expressed
using a visual analogue scale, where O(mm) indicates an absence of nasal obstruction and

100(mm) indicates complete nasal obstruction.

Statistical analysis

All data are expressed as the mean + SD. Continuous variables such as AP, the
DR value, nasal airway resistance, and VAS score for nasal obstruction were compared
using the Wilcoxon signed-rank test. A P value <0.05 was considered statistically
significant. All statistical tests were performed using the JMP® pro version 14 software
program (SAS Institute Inc., Cary, NC, USA).



RESULTS

Clinical characteristics of patients with nasal septum deviation

In order to evaluate nasal septum deviation and the surgical effectiveness of the
two different techniques, we retrospectively reviewed 18 patients who underwent OSR
for nasal septum deviation (OSR group) and 11 patients who received KI (KI group). In
total, 9 (31%) of the patients were female and 20 (69%) were male. The median age was
30+3.4 years (range, 16-77 years).

In the OSR group, 6 (33%) of the patients were female and 12 (67%) were male.
The mean age was 22.5+4.0 years (range, 16-77 years). Eleven patients had been
diagnosed as congenital facial malformation, 6 patients had a history of facial trauma and
one had previously undergone septoplasty.

In the KI group, 3 (27%) of the patients were female and 8 (73%) were male.
The median age was 5245.6 years (range, 19-65 years). Eleven patients had idiopathic
deviation of the nasal septum without congenital facial malformation, trauma, or previous

septoplasty.

Morphological analysis of deviation of nasal septum

The preoperative paranasal sinus CT scans were evaluated using the two simple
parameters, the AP and DR value. The average AP was 17.5+11.0 mm (Figure 3). Overall,
the average preoperative DR value was 0.15+0.08 and the average postoperative DR
value was 0.04+0.03. In 13 of the 27 patients (48%), the AP was less than 15 mm, and
these patients were judged to have caudal deviation of the nasal septum.

The height of the MDP from the floor of the nasal cavity was also measured. The
average height of the MDP was 13.3+5.5 mm. There were no cases in whom the MDP
was located near the roof of the nasal cavity or the keystone area (Figure 3).

The AP was significantly correlated to the VAS score for nasal obstruction
(p=0.017, =-0.58) (Figure 4a). The VAS score in the patients with caudal deviation was
significantly higher than that in the patients with non-caudal deviation (caudal deviation
86.7£10.3 and non-caudal deviation 63.3+6.5, p=0.02) (Figure 4b). In contrast, the
preoperative DR value was not significantly correlated to the preoperative VAS score
(p=0.44, r=-0.087).

The AP was 14.99+10.18 in the OSR group and 21.72+11.45 in the KI (p=0.13).
Nine (33%) patients in the OSR group and 4 (15%) in the KI group were judged to have
caudal deviation of the nasal septum. The preoperative DR value was 0.17+0.07 in the

OSR group and 0.12+0.08 in the KI (p=0.21, Supplementary figure 1). The preoperative



DR value was 0.12+0.07 in patients with caudal deviation and 0.17+0.08 in patients
without caudal deviation (p=0.08).

OSR significantly decreased the DR value, while KI did not in cases with caudal septal

deviation.

The preoperative and postoperative DR values were compared to evaluate the
outcome of the septoplasty in morphological terms. The postoperative DR value were
significantly decreased both in the OSR (preoperative 0.17+0.07 to postoperative
0.04+0.03, p<0.0001) and KI groups (preoperative 0.12+0.08 to postoperative 0.04+0.03,
p=0.01) (Figure 5a).

In the patients with caudal deviation, the DR value were significantly decreased
in the OSR group (preoperative 0.14+0.08 to postoperative 0.04+0.03, p=0.03), but not
significantly decreased in the KI group (0.08+0.09 to 0.04+0.03, p=0.63) (Figure 5b). In
the patients without caudal deviation, the DR values were significantly decreased in both
the OSR (0.20+0.07 to 0.05+0.03, p=0.02) and KI groups (0.14+0.08 to 0.04+0.03,
p=0.03) (Figure 5c).

OSR also improved nasal airway resistance (1.10+£0.44 to 0.42+0.15, p=0.02)
(Figure 6a), and the VAS score (79.11£14.74 to 5.78+7.89, p=0.004) (Figure 6b).



DISCUSSION

This study showed that the postoperative DR value in cases with caudal deviation
were significantly improved by OSR, but not by KI, suggesting that the caudal deviation
could be corrected with OSR, but not fully with KI. In addition, we presented objective
data showing that patients with caudal deviation had more severe nasal obstruction than
did those without it. We also found that the AP was significantly correlated with the VAS
score. These results suggest that the symptoms of nasal obstruction largely depend on
how close it is to the inner nasal valves and OSR should be applied for the cases with
caudal deviation.

It is true that some of these findings, themselves, are not new and have been
already widely assumed by ENT surgeons based on their clinical experience. In theory,
the caudal deviation was assumed to worsen nasal obstruction as it narrows the inner nasal
valves, the narrowest area in the airway in nasal cavities. OSR, rather than KI, is often
selected for patients with caudal deviation as OSR enables an approach to the anterior
part of nasal septum while KI cannot address the lesion as the technique is designed to
keep this area intact (Figure 1a). However, there were no studies to provide objective data
showing the significance of caudal deviation to nasal obstruction and the superiority of
OSR to KI in case with caudal deviation. The discussion on these topics was not beyond
the subjective rule of thumb due to the lack of standard objective methods to evaluate
deviation of the nasal septum.

To date, numerous methods have been designed for the evaluation of deviation
of the nasal septum and internal nasal valve areas using acoustic rhinomanometry, optical
coherence tomography and paranasal sinus CT.[15-17] It is true that acoustic
rhinomanometry and optical coherence tomography are useful for the objective
evaluation of the form of the nasal septum, but special devices are required and it is still
difficult to apply these methods in daily practice. As for paranasal sinus CT, several
parameters have been proposed to evaluate deviation of the nasal septum. One of the
proposed parameters is the internal nasal valve angle.[21] This angle is described by the
upper lateral nasal cartilages and the nasal septum, which is displayed in the coronal
images of the paranasal sinus CT. The angle was reported to be significantly decreased
after septoplasty. This interesting study showed the usefulness of the angle for the
evaluation surgical effectiveness, but their data did not directly contribute to the surgical
criteria or help in the selection between different techniques. As another method,
geometric morphometry was introduced with 30 landmarks on the nasal septum measured

in each paranasal sinus CT.[22] However, as the number landmarks measured in the study



was as many as 30, it also makes this method difficult to apply in clinical use. In addition,
these methods again did not provide surgical criteria or help in the selection between
different septoplastic techniques.

Thus, there was no established method with which to evaluate the nasal septum
based on paranasal sinus CT scans. A new evaluation method that can contribute to the
selection of the appropriate surgical technique has been required.

In order to evaluate the degree of deviation of the nasal septum, we used two
objective parameters: the DR value and AP. The DR value, originally proposed by Yang
et al, reflects how laterally the nasal septum is deviated in the nasal cavity. However, it
could not evaluate the front-to-back deviation of the nasal septum, which is also important,
as shown in this study. Indeed, the correlation between the DR value and the VAS score
for nasal obstruction was not significant.

As the surface of the nasal septum has multiple curves in three-dimensional
space, another parameter on the orthogonal plane to the coronal plane where the DR value
was measured was necessary. In this study, we adopt the AP for front-to-back evaluation.
The combination of the AP and DR value can reflect where (the AP) and how much (the
DR value) the nasal septum is deviated. With the two objective parameters, we could
compare the pre- and post-operative form of the nasal septum in each individual to
examine the outcome of the septoplasty. We also could assess the severity of the deviation,
select the appropriate surgical technique, and compare outcomes between different

techniques, in an objective manner.

To date, there have been no standard criteria for judging caudal deviation.[13-
17721, 22, 25] The evaluation methods used in this study also allow us to set objective
criteria for caudal deviation. In this study, we set a criterion for distinguishing caudal
from non-caudal deviation based on AP of less than 15 mm. The caudal area of the nasal
septum within 10-15 mm from the ANS (L-strut) is considered clinically important to
maintaining the strength of the nasal septum (Figure 1b). As discussed above, the
selection of surgical techniques is largely dependent on whether the MDP is located in
the caudal area or not. Thus, we adopted 15 mm as the criterion for judging caudal
deviation. This criterion is clinically valuable as it directly contributes to selection of the
surgical technique.

As landmarks for the L-strut, previous studies reported imaginary lines defined
on the anatomical landmarks in the endoscopic view. [23, 24] These imaginary lines are
helpful during surgery. In contrast, our method using the AP and DR on CT views is useful

for preoperative evaluation of deviation of the nasal septum. A combination of the



imaginary lines and our method would provide more effective surgical treatment for nasal

septal deviation.

Our results showed that both KI and OSR corrected the deviation in cases where
the MDP was located beyond 15mm posterior from the ANS (non-caudal deviation). In
such cases, KI would be more suitable as the technique does not require an external skin
incision on the columella nasi. On the other hand, OSR should be chosen for cases in
which the MDP is located within 15 mm from the ANS as KI failed to significantly

improve the DR value in such cases in this study.

The evaluation method used in this study is simple and clinical friendly as it uses
only two parameters that are easily measured on paranasal sinus CT scans, which are
routinely taken before surgery. In addition, our results showed that the AP also well reflect
the VAS score. The combination of the evaluation methods, the VAS score and
rhinomanometry would enable the evaluation of the deviation of the nasal septum[26-31]
in terms of morphology, subjective severity and nasal airway function. Further studies
with a larger patient population will shed light on the usefulness of the evaluation system
in daily practice and could contribute to standardization of the diagnosis and treatment of

the deviated nasal septum.

There are a few limitations to this study. First, the number of cases with caudal
deviation treated by KI was small. Further study including a greater number of cases with
caudal deviation is warranted. Second, as the coronal scans are not always parallel to the
caudal edge of the nasal septum, there might be cases in whom the caudal deviation is
“overjudged” although their MDP is located over 15 mm away from the caudal edge (See
the green area in Supplementary figure 2a). Geometrically, the higher the MDP was
located, the more likely the case would be “overjudged” as having caudal deviation,
according to our criterion. However, the MDP in most cases was indeed located lower
than the midpoint between the dorsum end of the nasal septum and the floor of the nasal
cavity (31.7£13.5% in height from the bottom, Figure 3 and Supplementary figure 2b),
suggesting the cases “overjudged” in terms of caudal deviation would be a few in a
clinical situation. To the contrary, there is no possibility that cases with a MDP within 15
mm from the caudal edge could be “overlooked” as non-caudal deviation under this
criterion. This priority to sensitivity rather than specificity for caudal deviation is
preferable in a clinical situation as “overlooking”, rather than “overjudging”, directly

affects the selection of different surgical techniques and, consequently, the surgical



outcome as shown in this study. Last, we could not present data on subjective or clinical
comparisons of the surgical effect in this study. There are no articles on a comparison in
the treatment effect between OSR and KI in terms of function and subjective symptoms.
Further study will be necessary to allow the comparison of surgical outcomes between

OSR and KI in terms of function and subjective symptoms.



CONCLUSION

Nasal obstruction is more severe in patients with the caudal deviation. OSR
corrects the caudal deviation of the nasal septum significantly better than KI. The AP
could be useful for the evaluation of the deviation of the nasal septum and help in
selecting the appropriate septoplastic technique, which will provide more effective
surgical treatment for patients suffering from nasal obstruction due to nasal septal

deviation.
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FIGURES LEGENDS

Figure 1 Positional relationship to the caudal area of the nasal septum.

(a) Incision line of septoplasty. KI (blue) is designed to leave the caudal area
(yellow area) intact and could not address the caudal area, while OSR (red) enables an
approach to and correction of the caudal area. Red arrow: Open seprorhinoplasty (OSR),
Blue arrow: Killian incision (KI).

(b) Definition of caudal deviation of the nasal septum. The L-strut is defined as
the caudal and dorsal area (10-15mm) of the nasal septum cartilage (yellow area). The
distance between “the coronal CT scan including the tip of the ANS” and “the coronal CT
scan including the most deviated point (MDP)” was defined as the Anterior-posterior
Position (MDP) of the nasal septum (AP). We defined cases with an AP of less than 15mm

as having caudal septal deviation, because the MDP is located in the L-strut in such cases.

Figure 2 The Deformation Rate (DR).
The DR value was used as an objective parameter of deviation of the nasal

septum. The value was calculated by the following numerical formula: DR = (a-b)/b =
{(al+a2)-b} /b. (a) is the maximal flexural deformed length, (al) is the upper side of

the deformed septum cartilage; i.e., the distance from the top of the nasal septum cartilage
to the nasal crest, (a2) is the lower side of the deformed septum cartilage; i.e., the distance
from the bottom of the nasal septum to the nasal crest, (a) is (al) + (a2), and (b) is the
original vertical length; i.e., the distance from the top of the nasal septum cartilage to the

bottom of the nasal septum.

Figure3 Comparison of the position of the MDP between the OSR and KI groups.

The AP was 14.99+10.18 mm in the OSR group (red dots) and 21.72+11.45 mm
in the KI group (blue dots), respectively (p=0.13). The average height of the MDP from
the floor of the nasal cavity was 14.61+5.59 mm in the OSR group and 11.00+4.36 mm
in the KI group (p=0.14). In 13 of the 27 patients (48%), the AP was less than 15 mm and
these patients were judged to have caudal deviation of the nasal septum. Nine patients
(33%) in the OSR group and 4 (15%) in the KI group were judged to have caudal
deviation of the nasal septum, according to the criterion described above.

Figure 4 Comparison between paranasal sinus CT parameters and pre-operative.
VAS score



(a) The AP was significantly correlated with the VAS score (p =0.017, r=-0.58).
(b) The pre-operative VAS score for nasal obstruction in the caudal deviation group was
significantly higher than that in the non-caudal deviation group (caudal 86.7+10.3 and
non-caudal 63.3+6.5, p=0.02).

Figure 5 Comparison of the DR values between the OSR and KI groups

(a) The postoperative DR values were significantly decreased in the OSR and KI
groups. (b) In the patients with caudal deviation, the postoperative DR value was
significantly decreased in the OSR group, but not in the KI group. (c) In the patients
without caudal deviation, the postoperative DR values were significantly decreased in
both the OSR and KI groups.

Figure 6 Comparison between preoperative and postoperative nasal airway
resistance and VAS score for nasal obstruction.

(a) Postoperative nasal airway resistance was significantly improved in the OSR
group. (b) The postoperative VAS score for nasal obstruction was also significantly

decreased in the OSR group.

Supplementary figure 1 Comparison of the preoperative DR values between the
OSR and KI groups.
There was no significant difference in preoperative DR values between the KI

group and the OSR group (p=0.24).

Supplementary figure 2 Overjudging of caudal deviation is possible in theory, but

occurs in a few cases in a clinical setting.

(a) As the coronal scans are not always parallel to the caudal edge of the nasal
septum, there might be cases in whom the “caudal deviation” is overjudged although the
MDP is over 15 mm from the ANS. The blue is a line parallel to the caudal edge of the
nasal septum 15 mm from the ANS. The area is that over 15 mm from the ANS although
the AP is lower than 15 mm. In cases in which the MDP is in the green area, the case
thought to be “overjudged” in terms of caudal deviation, according to the criterion in this

study. Note the higher MDP was located, the more likely the case would be “overjudged.



(b) However, the MDP in most cases was located lower than the midpoint between the
dorsum end of the nasal septum and the floor of the nasal cavity (31.7£13.5% mm in
height from the floor of the nasal cavity), suggesting that the “overjudging” of cases

occurs in a few cases in a clinical setting.
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