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Abstract
Purpose of Review The aim of this analysis is to provide a synopsis of the surgical methods utilized to treat nasal valve 
collapse resulting in airway obstruction, and to evaluate and contrast lateral crural strut grafts (LCSG) and lateral crural 
tensioning (LCT).
Recent Findings Lateral crural strut grafting is a major technique used to treat external nasal valve collapse. However, in 
recent years, lateral crural tensioning combined with articulated alar rim grafts (AARG) has become popular. A study compar-
ing LCT-AARG to LCSG demonstrated a greater reduction in total nasal airway resistance, as measured by rhinomanometry.
Summary While LCSG creates a rigid structure, it may require a fair amount of cartilage and has the potential to crowd the 
airway. In contrast, LCT-AARG can achieve the same improvement in airway however consumes less cartilage, is less likely 
to crowd the airway, is preferential in narrow noses, and has the additional aesthetic benefits associated with rim grafting.

Keywords Rhinoplasty · Nasal valve collapse · Lateral crural strut graft · Lateral crural tensioning · Articulated alar rim graft

Introduction

Surgical techniques to address nasal valve collapse continue 
to evolve, but all share the common objectives of either 
expanding cross-sectional area or stabilizing deformable 
structures. Centrally, structural rhinoplasty relies upon the 
use of cartilage grafts to provide axial stability to the nasal 
vault in terms of L-strut support. Laterally, grafts are used 
to prevent sidewall motion due to excessive transmural pres-
sure drops. Numerous techniques have evolved over decades 
to create stability across the nasal vault, though most are 
extensions of classical “beam and post” construction tech-
niques [1]. Along the nasal sidewall, lateral crural strut grafts 
are a classic example of this concept where a central septal 
extension graft (post) is combined with a long cartilage graft 
beneath the lateral crus (beam) to provide stability across 

the entire sidewall. In contrast, newer structural rhinoplasty 
methods have evolved that rely upon balancing tensile and 
compressive forces to resist deformation and is akin to the 
use of ties and struts in civil engineering [2]. This concept is 
best illustrated by lateral crural tensioning, which relies upon 
a septal extension graft (strut) and taught lateral crurae (tie).

This chapter will review the physiology of nasal obstruc-
tion and valve collapse, and summarize treatment options 
with an emphasis on lateral crural strut grafts (LCSG) and 
lateral crural tensioning (LCT).

Anatomic Basis of Nasal Airway Obstruction

Nasal valve compromise is a distinct cause of nasal airway 
obstruction [3]. It is generally accepted that the term “nasal 
valve” refers to region in the nasal cavity where airway is 
most narrow, and thus where airflow is most restricted [3]. In 
reality, nasal airflow is complex, the structure is deformable, 
active elements like the muscle alter shape, and turbulence 
dominates under most non-resting physiologic conditions.

Clinicians divide the nasal valve into external and inter-
nal components. The external nasal valve is defined as the 
area in the nasal vestibule under the nasal ala, formed by 
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the caudal septum, medial crura of the alar cartilage, alar 
rim, and nasal sill [3]. The internal valve is defined as the 
region under the upper lateral cartilage, bound medially by 
the dorsal septum, inferiorly by the head of the inferior turbi-
nate, and laterally by the upper lateral cartilage [3]. Contact 
between the upper lateral cartilages and septum can unfa-
vorably affect breathing. It is generally accepted the inter-
nal nasal valve should maintain an angle of 10–15°, below 
which patients will experience nasal obstruction [3]. Meas-
uring the angle of the internal nasal valve can be a challenge. 
Physical examination and endoscopy both fail to provide 
accurate quantitative estimates of valve angle. CT imaging 
has demonstrated the challenge of measuring the internal 
nasal valve geometry, let alone identifying its locus. Optical 
coherence tomography found a reduction of the valve angle 
from 18.3 to 14.1° led to subjective nasal obstruction [4].

Nasal valve insufficiency can occur due to various factors 
such as the collapse of the alar lobule or the nasal sidewall 
incorporating the upper lateral cartilage. Additionally, a high 
septal deviation, hypertrophied inferior turbinate, severely 
ptotic nasal tip, wide nasal columella, or a caudal septal 
deviation can also contribute to nasal valve collapse [3].

Nasal valve collapse is a common finding prior to nasal 
surgery. Many rhinoplasty techniques such as separation of 
the upper lateral cartilages (ULC) from the septum, hump 
removal, and septal cartilage resection alter the relationship 
between the ULC and the caudal septum either directly or 
through scarring, fibrosis, and subsequent collapse [5]. It is 
therefore important to use techniques to mitigate additional 
iatrogenic obstruction.

Collapsible soft tissues and/or lower lateral cartilage 
deformities in the alar lobule can contribute to obstruction 
[3]. Lateral crura shape and stiffness impact airway func-
tion and are an increasingly recognized contributor to nasal 
obstruction [6]. The ideal lateral crus shape is convex adja-
cent to the dome and flattens as one moves laterally [6]. 
Flaccid, malformed, malpositioned, or short lateral crurae 
can lead to a dynamic collapse of the lobule and present a 
challenge for treatment [7].

Physiology of Nasal Valve Collapse

Classically, valve collapse is described using Bernoulli’s 
principle. Air enters the nose; it passes through the narrowed 
valve regions and accelerates, leading to a drop in intralu-
minal pressure and collapse of sidewall [3]. The mechanism 
of airway obstruction in the nasal valve is a consequence of 
reduced cross-sectional area and deformable lateral walls 
[5]. The stability of the sidewall depends on its intrinsic 
mechanical properties and transmural pressure gradient.

Inasmuch as no actual anatomic “valve” exits, but rather 
a flow limiting region better named the “nasal gateway” is 
the key location where flow becomes complex [8]. This area 
begins approximately 2 cm from the nares according to 3D 
modeling, and extends at least 1 cm beyond the pyriform [9]. 
When narrowing or expansion occurs, turbulence may occur 
which leads to collapse and obstruction [8].

To enhance airflow through the airway, it is necessary to 
increase its cross-sectional area and/or minimize flexural 
deformation along the lateral walls. There are two methods 
to achieve this second objective: stiffening the lateral wall 
with materials like LCSG or battens, or increasing tension 
across the surface with LCT. The former is similar to the 
beam and post-conceptual framework, while the latter is 
comparable to the use of ties and struts. The tie-and-strut 
model is a versatile design method that balances tension 
(tie) and compression (strut) and does not place a premium 
on material (e.g., cartilage) [10].

Overview of Approaches to Support 
the Nasal Valve

By definition, correcting the compromised nasal valve means 
addressing the septum, the inferior turbinate, and nasal side-
wall. Techniques such as alar batten grafts, spreader grafts, 
butterfly grafts, flare sutures, suspension sutures, LCGS, 
lateral crural transposition, and LCT with AARG are aimed 
at correcting the problem of inadequate lateral wall support 
[3, 11]. Septal deformations are often addressed through 
numerous maneuvers such as septoplasty, septal reposition-
ing, or in extreme cases extracorporeal septal reconstruction 
[11]. Enlarged inferior turbinates are addressed through vari-
ations of turbinoplasty. Other adjuncts like columellar base 
narrowing are also utilized.

The remainder of this chapter will be dedicated to the com-
parison between LCSG and LCT in conjunction with AARG 
for the purpose of providing support to the nasal valve.

Lateral Crural Strut Grafts

Technique

First described by Gunter and Friedman in 1997, LCSG 
involves using cartilage grafts secured to the undersurface 
of the crura to reshape, reposition, or reconstruct the lateral 
crura. LCSG can correct curvature and deformities of the 
lateral crus [7].

This is generally performed via open rhinoplasty. The 
vestibular skin is undermined off the lateral crus starting 
at the cephalic border and progressing caudally along the 
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entire cartilage. A cephalic trim may be performed at the 
same time [7]. Notably, the vestibular skin is left attached to 
the caudal border along the anterior two-thirds of the lateral 
crus [7]. Next, cartilage grafts are fashioned and placed into 
the pocket created on the deep surface of the lateral crus. 
Once placed, the graft is sutured to the body of crus. The 
grafts are typically 15–25 mm largely extending along the 
length of the crus from just lateral to the dome, and 3–5 mm 
in width. The lateral end of the graft is often placed over 
pyriform aperture rim, so that there is support both centrally 
and laterally. Longer grafts (25–30 mm) are required to cor-
rect malpositioned lateral crura, alar retraction, and severe 
alar collapse [7].

The LCSG was popularized by Toriumi who outlined key 
concepts relating lateral crus position and geometry [12]. In 
this technique, the entire lateral cartilage is freed from the 
vestibular skin for the purposes of repositioning. Reposition-
ing or transposition of the crus with a LCSG is a powerful 
manuever to correct excessive convexity and alar malposition 
[13]. LCSG can be used to flatten concavity as well [13].

Indications

LCSG is indicated in lateral crural recurvature, external 
nasal valve collapse, alar rim collapse, correction of the 
boxy nasal tip, lateral crura malposition, alar rim retraction, 
and excessive lateral crura convexity [7].

Pros of Lateral Crural Strut Grating

The use of LCSG for external nasal valve support is a well-
established technique. The graft forms a rigid structure that 
is very stable, supported medially by the septal extension 
graft/domal unit and laterally by the pyriform. If perched 
on the pyriform aperture, it facilitates the lateral position of 
the alar wall and widens the nasal aperture internally. Given 
the amount of stability provided by LCSG alone, the use of 
a caudal septal extension graft is not always necessary for 
tip support, provided the medial crural/tip complex is strong.

Cons of Lateral Crural Strut Grafting

This technique consumes significant reservoirs of cartilage. 
These grafts must be very straight and often must overlap 
the pyriform aperture to prevent collapse or medialization 
of the graft edge on inspiration. As noted previously, each 
LCSG length is on average at least 15–25 mm (30 mm if 
combined with repositioning) and 3–5 mm in width [7]. 
Septal cartilage is optimal, followed by rib [13]. Auricular 
cartilage may be too curved and may lack adequate rigidity. 
This robust graft may widen the nose or be visible in patients 
with thin skin. It may lead to an overly flat appearance along 
the alar lobule with loss of native aesthetic curvature along 

the supra-alar crease. With transposition, a void is created 
between the upper and lower alar cartilages, which may 
require additional cartilage grafts as battens. Rim grafts 
may be required with this approach as well. Finally, a LCSG 
graft occupies space. This composite structure thickens the 
sidewall, and hence, stability and stiffness may come at the 
cost of a reduction in airway cross-sectional area. This can 
be catastrophic in patients with a very thick and narrow 
nasal vault, or those who have little distance between the 
lateral wall and the septum. Overall, this is a large cartilage- 
consuming technique.

Lateral Crural Tensioning

Technique

Davis’s lateral crural tensioning maneuver involves perform-
ing an aggressive lateral crural steal maneuver in tandem 
with a caudal septal extension graft (CSEG) [14•, 15, 16]. 
The lateral crural steal creates a new domal angle along the 
lateral crus cartilage by recruiting and advancing a por-
tion of the lateral crura medially [14•, 17]. This modified 
structure is most commonly stabilized by securing it to a 
CSEG. This advancement shortens the crus and when the 
new dome is secured to the CSEG and tension increases 
across the entire length. The steal and tensioning collectively 
eliminate convexity. The increased tension in turn stabilizes 
the sidewall and reduces the propensity for dynamic collapse 
[14•, 18••]. Please see Fig. 1 for intra-operative photos of 
the technique.

A CSEG is valuable because it enables comprehensive 
control of tip projection, rotation, supratip break, infratip 
break point, and columellar show [2]. The CSEG offers 
a notable difference from a lateral crural steal alone, as 
it decouples rotation at the expense of projection that are 
inherent to a classic lateral crural steal when used alone. In 
cases of extreme projection, a medial crural division and 
overlay can be performed following the lateral crural steal, 
and this medial crural overlay complex is then secured to the 
CSEG. In select cases with excess caudal septum, a direct 
tongue-in-groove technique can be used [2].

The recruitment process that occurs with the steal maneu-
ver tends to weaken support through the soft triangle as the 
caudal border of the crus is medially advanced. Support 
is required to stabilize this region and correct a potential 
secondary cosmetic deformity. AARG is used in this set-
ting; their use and placement may be nuanced. While the 
LCT provides sidewall support, the AARG provides support 
along the alar margin [11, 19•]. The AARGs are sutured just 
lateral to the new dome, and then are inserted into a pre-
cise soft tissue pocket parallel to the alar margin [11, 18••]. 
Unlike LCSG, rim grafts tend to be shorter (15–22 mm) and 
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triangular in shape with a base of 4–6 mm [11]. Less carti-
lage is required for an AARG.

Indications

Lateral crural tensioning corrects dynamic collapse of the 
external nasal valve and eliminates lateral crural convexity 
as it refines the tip [2]. LCT is indicated for correction of 
lateral crural recurvature, external nasal valve collapse, alar 
rim collapse, correction of bossae, lateral crura malposition, 
alar rim retraction, and excessive lateral crura convexity [7]. 
This is essentially identical to LCSG use. Rim grafts are fre-
quently required as LCT can weaken support across the soft 
triangle facet [19•]. Indications for rim grafts include a weak 
soft tissue triangle, presence of an alar margin furrow, lack 
of an alar ridge, and may also be used to correct cephalically 
oriented lower lateral cartilages [11, 19•].

Pros of Lateral Crural Tensioning

A major advantage of LCT is that it increases stability of 
the lateral wall through suturing technique without using 
a large beam made of cartilage [2]. Stability is supplied by 
tension, and the right and left force vectors across the crurae 

balance one another while vertical forces are countered 
by the CSEG [11]. The flexural stability of the alar side-
wall is achieved through tensioning and thus dynamic col-
lapse of the nasal alae is reduced. This is a large cartilage- 
sparing technique.

In contrast to a LCSG, LCT does not require any addi-
tional cartilage; therefore, there is overall less consump-
tion of cartilage in comparison. Given that a composite 
structure is not created, there is no additional bulk, and the 
inner cross-sectional area of the external nasal valve is not 
reduced. There is less potential for crowding of the airway 
[2, 18••]. If rim grafts (in particular AARGs) are used, then 
a modest amount of additional graft material is required 
[11]. In addition, suturing techniques preserve the structure, 
and are adjustable and reversible which is important given 
rhinoplasty has a historically high revision rate [2].

Performing LCT requires less dissection as compared to 
LCSG and avoids the morbidity of degloving much of the 
vestibular surface of the crus. Aesthetically, the curvature of 
the crura can also be addressed without resection of cartilage 
or lateral crural division and overlap [2].

The addition of a CSEG to this technique allows the sur-
geon to maintain both projection and rotation, in comparison 
to a lateral crural steal alone where projection and rotation 
are linked [2, 20, 21].

A B C

D E F

Fig. 1  Lateral crural tensioning with CSEG and articulated alar rim 
grafts. Row 1 from left to right: A with CSEG in place, mark the natu-
ral domes of the lower lateral cartilages. B Recruit and advance por-
tion of lateral crura medially to perform lateral crural steal. C Mark 
the location of the new dome along the lateral crus. Row 2 from left to 

right: D perform a horizontal mattress suture to create the new dome 
and establish tensioning. E Secure new structure to CSEG, repeat on 
opposite side. F Add AARGs bilaterally. Abbreviations: CSEG, caudal 
septal extension graft; AARGs, articulated alar rim grafts



264 Current Otorhinolaryngology Reports (2023) 11:260–265

1 3

The addition of AARG to this technique allows for addi-
tional soft triangle support, alar lobule stability, creation of 
the alar ridge, and effacement of the alar margin furrow [11]. 
The AARG contributes to airway patency through a cantile-
vering effect of the native lower lateral crua [18••]. AARGs 
require less cartilage than LCSG, are positioned at the alar 
margin, and do not crowd the valve [19•]. They can be posi-
tioned to flare the nostrils which can be of exceptional value 
in the narrow nasal tip [22].

Kondo et al. published a study in 2020 comparing the 
effects of LCT with AARG to LCSG [18••]. This study 
demonstrated benefit in change in total nasal airway resist-
ance (NAR) measured on rhinomanometry in patients who 
underwent LCT with AARG compared to LCSG. There 
was no significant difference in other outcome meas-
ures including nasal peak inspiratory flow (NPIF), Nasal 
Obstruction Symptom Evaluation (NOSE), and nasal 
obstruction score [18••].

Cons of Lateral Crural Tensioning

Lateral crural tensioning is a nuanced and challenging 
suture technique. It is typically combined with a CSEG 
and AARG, therefore requires these additional skills to 
maximize outcomes. It is possible to create a columellar 
or tip deviation; therefore, the surgeon must give attention 
to adequately balancing forces between the right and left 
steal. Aggressive suture fixation of both medial crura to the 
CSEG can help to redistribute forces that might otherwise 
act upon the nasal tip alone.

Conclusion

In summary, both grafting and tensioning techniques can 
be used to address nasal valve collapse. When the two tech-
niques are compared, LCT with AARG can achieve the 
same improvement in airway as LCSG; however, tension-
ing consumes less cartilage, is less likely to crowd the air-
way, is especially preferential in narrow noses, and has the 
additional benefits associated with rim grafting. LCT with 
AARG is a nuanced technique associated with a steep learn-
ing curve.
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