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Anatomy and Physiology

Lateral wall insufficiency (LWI) or collapse results in dynam-
ic nasal valve compromise and is a primary cause of nasal
obstruction. The lateral nasal wall is comprised of the skin-
soft tissue envelope and the upper and lower lateral carti-
lages. This anatomic area is a key component of the nasal
valve, which is described as the narrowest cross-sectional
area of the nasal cavity with the greatest overall resistance to
airflow. The nasal valve has two components, the external
nasal valve (ENV) and the internal nasal valve (INV). The ENV
is formed by the caudal septum andmedial crura of the lower
lateral cartilage (LLC) medially, nasal floor caudally, and alar
cartilages and fibrofatty tissue laterally.1 The INV is located
approximately 1.3 cm from the nostril opening and is com-
posed of the upper lateral cartilage (ULC) laterally, the dorsal
septum medially, and inferiorly by the anterior aspect of the
inferior turbinate.2 The INV and ENV share a border at the
caudal aspect of the ULC, also known as the scroll region.

The compressible cartilaginous structure of the external
nose carries physiological properties with strong impacts on
the nasal airway. The external nose is comparable to a
Starling resistor, a rigid tube with a collapsible segment in
which the internal pressure controls the degree of collapse of
the tube. During inspiration, a negative pressure gradient
is created between the atmosphere and the nasopharynx.

This is a result of Bernoulli’s principle of fluid dynamics,
which states that as velocity of a moving fluid increases, the
pressure within the fluid decreases. As air flows past the
narrowed segment of the nasal valve, the speed increases,
thus decreasing pressure, resulting in collapse of the lateral
wall toward the septum and narrowing of the valve. Pois-
euille’s law quantifies that flow is proportional to pressure
difference multiplied by the radius to the fourth power,
consequently small changes in the radius has a significant
impact on flow.1,3–5

Evaluation

LWI can be evaluated in the clinical setting with anterior
rhinoscopy or nasal endoscopy to visualize the nasal valve. A
grading system has been described which classifies LWI by
the percentage of collapse of the nasal sidewall at the level of
the INV toward the septum during inspiration as observed on
nasal endoscopy. Grade 0 indicates no movement, Grade 1
corresponds to<33% collapse, Grade 2 to 33 to 66%, and
Grade 3 to>66%.6,7 On physical exam, observation of the
patient during passive and forced inspiration allows for
evaluation of the structural integrity of the sidewall. In
addition, the Cottle maneuver or modified Cottle maneuver
is commonly employed to assess the nasal valve. The Cottle
maneuver involves gentle lateral retraction of the cheek
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Abstract Lateral wall insufficiency is a commonly encountered etiology of nasal obstruction,
resulting from dynamic collapse at the level of the internal or external nasal valve.
Various management strategies exist to strengthen the lateral wall or stent the nasal
valves to relieve nasal obstruction, and range from noninvasive devices, minimally
invasive implants, or surgical reconstructive techniques. Surgical options to address
the nasal valves are selected based on each patient’s anatomic findings, aesthetic and
functional goals, and surgeon preference. This article describes the anatomy and
physiology of the nasal sidewall and nasal valves and diagnosis of lateral wall
insufficiency, and provides a framework for treatment options.
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adjacent to the sidewall, whereas in the modified Cottle
maneuver, a curette or back-end of a cotton-tipped applica-
tor is inserted into the nostril to stent the sidewall. The
patient then reports the degree of obstruction experienced
before and after themaneuver, with a positive test indicating
an improvement in airflow.8Adjunctive testing has also been
employed to evaluate nasal airflow through the nasal valve,
including rhinomanometry and computed tomography;
however, there is no gold standard test that accurately and
objectively diagnoses LWI or nasal valve dysfunction. Addi-
tionally, these tests are often impractical or unavailable in
office settings, so physical examination remains the go-to for
evaluation and diagnosis of LWI. Patient-reported outcome
measures can also be used to evaluate nasal obstruction. The
impact of nasal obstruction on patient quality of life can be
quantified using validated surveys such as the Nasal Obstruc-
tion Symptom Evaluation (NOSE)9 and Standardized Cosm-
esis and Health Nasal Outcomes Survey.10

Management

Nonsurgical Management
Although surgery is the mainstay of treatment for LWI, there
are nonsurgical options available to patients who have mild
symptoms or those who are not surgical candidates. Many
over-the-counter products are available that attempt to
increase nasal airflow by increasing the cross-sectional
area of the nasal valve. They generally fall into three catego-
ries: external nasal dilators (ENDs), internal nasal stents
(INSs), and nasal clips.11 These products are advertised for
use for relief of temporary nasal obstruction (due to illness or
allergies), improvement of sleep hygiene and snoring, and
even for exercise performance enhancement.

ENDs are adhesive strips that are applied externally to the
dorsum or cheek adjacent to the nose and exert a pulling
force on the lateral nasalwalls to increase the diameter of the
nasal airway. The most commonly used and described in
the literature are Breathe Right nasal strips, which stiffen the
lateral walls to prevent inward collapse during inspiration,
thus decreasing airflow resistance by about 10%.12Onemajor
disadvantage of ENDs is the external appearance during use,
so they are primarily marketed for use during sleep.

More inconspicuous internal nasal devices can also be
used to improve nasal obstruction due to LWI. INSs are placed
internally into each nostril and exert a circumferential
outward force at the INV, while simultaneously compressing
the columellamedially to increase cross-sectional area of the
ENV. Similarly, nasal clips are inserted over the septumwith
two endpieces that are inserted into each nostril to push the
lateral wall out. In several studies, INSs and nasal clips have
been shown to increase nasal airflowand decrease resistance
when compared to Breathe Right strips.13,14 These devices
are also reusable since they do not involve an adhesive.

There are many varieties of each of these devices available
to U.S. consumers to relieve nasal obstruction secondary to
LWI; however, many of these are not reviewed in the
scientific literature, making it difficult to compare individual
products. However, nasal dilator products should be consid-

ered or recommended as a treatment modality for nasal
obstruction, particularly in patients who are not surgical
candidates.2,11 The devices can also be helpful in the evalua-
tion of a surgical patient, as anecdotal benefit with use of a
nasal dilator can confirm diagnosis of LWI and suggests that
the patient would derive benefit from surgery addressing
LWI.

Surgical Management
There is no gold-standard surgical treatment for LWI; rather,
surgical repair should be tailored for each individual patient
based on their physical exam findings, as well as functional
and aesthetic goals, and surgeon preference. Correcting LWI
should result in an improvement in the nasal airway by
decreasing airflow resistance, while achieving a satisfactory
cosmetic result. Structurally, the goals of surgical repair are
to lateralize the sidewall away from the septum and reinforce
the INV and ENV to prevent dynamic collapse. This can be
achieved through various techniques well described in the
literature, including suture techniques, alloplastic implants,
cartilage grafting, and lateral suspension.

Suture Techniques
Suture techniques to achieve lateralization of the INVor ENV
have been described as minimally invasive or adjunctive
techniques to open rhinoplasty to improve LWI. Most com-
monly described is lateral suture suspension of the sidewall
toward the inferior orbital rim or malar eminence. The point
of maximal collapse is identified preoperatively with a
modified Cottle maneuver. Under general anesthesia, skin
overlying the inferior orbital rim or maxilla is incised, and
the periosteum is exposed using a freer elevator. AMitek self-
retaining screw is inserted into the bone. An incision is made
within the nasal vestibule at the previously marked location,
and engaged with suture, that is then anchored to the Mitek
screw.15,16 Alternatively, if foregoing use of the screw, the
suture can be anchored to the periosteum in the same
location.17 Tightening of this suture thus achieves lateral
suspension of the nasal sidewall.

Other techniques that have been described in the litera-
ture include spanning sutures across the nasal dorsum to
flare the ULCs, or LLC suspension and rotation toward the
piriform aperture.16 There are limited data and existing
studies have small patient populations; however, the major
drawbacks reported for all suture techniques are loss of
suspension that increased with duration of follow-up (as
high as 35%) and infection rates up to 24%.17

Implants
The use of alloplastic implants has gained popularity in
recent years. Titanium, silicone, and porous polyethylene
have all been described as alternatives to cartilage grafting in
rhinoplasty.18–21 Latera (Stryker, Kalamazoo, MI) is a Food
and Drug Administration-approved bioabsorbable implant
comprised of a 70:30 blend of poly(L-lactide) and poly(D-
lactide) that is designed to support the ULC and LLC
(see ►Fig. 1).22 The implant resorbs over a period of 18 to
24 months and is replaced with scar tissue to strength and
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reinforce a weak lateral wall. It is inserted into the sidewall
through an endonasal minimally invasive technique using a
delivery tool and is positioned over the nasal bone with a
caudal extension toward the alar crease. Implantation can be
done as a standalone procedure, or can be combined with
septoplasty and inferior turbinate reduction, and can be
performed in the operating room or in clinic under local
anesthesia.23 Adverse events associated with Latera implan-
tation include infection, implant extrusion, failure to resorb,
implant protrusion, and facial pain or discomfort.24 The
efficacy of Latera has been validated with patient-reported
outcomemeasures, such as NOSE, and objectively with nasal
endoscopy; however, studies are limited by short follow-up
periods and lack of randomization.23,25–28

Cartilage Grafting
LWI can be caused by inherent weakness of the cartilaginous
framework, cephalic malposition of LLC, or concavity of LLC.
Various cartilage grafting techniques can be employed dur-
ing rhinoplasty to correct these deformities (see►Fig. 2), and
preoperative determination of the cause of LWI is prudent to
select the appropriate surgical maneuvers. Grafts are fash-
ioned from septal or conchal cartilage; costal cartilage is not
ideal for grafting in the lateral wall, as it tends to be more
rigid and bulky, and can result in external deformity even in
thick-skinned patients.

Spreader grafts are frequently used tomanage INVnarrow-
ing and correcting midvault deformity by restoring the dorsal
aesthetic line. Although they do not directly address dynamic
collapse, they are a useful tool in the armamentarium of nasal
valve repair towiden the INVor correct concavity or deviation.
They are fashioned ideally from straight pieces of cartilage
(septal or conchal); if curved, the curve should face toward the
septum. Spreader grafts are positioned between the septum
and ULC unilaterally or bilaterally, and can be placed via an
endonasal or open rhinoplasty approach.29

Alar batten grafts are aworkhorse for the treatment of LWI
and can address both INV and ENV collapse. They can be
placed via an endonasal approach or during traditional open
rhinoplasty. Alar batten grafts are ideally curvilinear, with
the convex surface placed against the lateral wall to support
it, and should be thin with beveled edges to minimize
external deformity.30 Graft position should be at the point
of maximal lateral collapse: the junction of caudal margin of
ULC and cephalic margin of LLC to correct INV collapse, or
caudal to cephalically positioned LLC for ENV. Grafts should
span horizontally from the midpoint of the lateral crura and

extend onto the bony piriform aperture to prevent medial
collapse.31 In the endonasal approach, the area of maximal
nasal valve collapse is marked externally and infiltratedwith
local anesthetic. Using a 6- to 8-mm intranasal incisionmade
at the point of supra-alar pinching, a precise pocket is
dissected for graft placement. Using an open rhinoplasty
approach, initial subcutaneous dissection to expose the LLC
should not extend lateral to the junction of the middle and
lateral third of the lateral crura. The graft is then placed
superficial to the lateral cartilages in a subcutaneous pocket
and secured with suture fixation.31 A through-and-through
stitch can be placed by passing a needle fromwithin the nasal
cavity, creating a stab incision externally with an 11-blade
scalpel, and passing the suture back through the nasal cavity
to secure the graft and collapse the dead space in the

Fig. 2 Cartilage grafts commonly used for correction of lateral wall
insufficiency. (A) Lateral crural strut graft, (B) alar batten graft, (C) alar
rim graft, and (D) articulated alar rim graft.

Fig. 1 Latera implant (Stryker, Kalamazoo, MI). Forked end is positioned subcutaneously superficial to the nasal bones, with the ribbed
cylindrical portion extending caudally to lie over the upper and lower lateral cartilages.
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dissection pocket. In both the endonasal and open approach,
creation of the pocket is key to graft success. A pocket that is
too wide risks graft migration, and not wide enough can
result in graft distortion leading to deformity or nasal
obstruction. Care must also be taken to orient the pocket
horizontally, as oblique placement of the graft over the nasal
bones will render the graft useless and cause persistent
lateral wall fullness.

Lateral crural strut grafts (LCSGs) are indicated to correct
ENVcollapse resulting from cephalicallymalpositioned,weak,
deficient, or concave LLCs. Theycan also contribute to nasal tip
refinement and repositioning in patients with a boxy nasal
tip.32,33Theyareplacedonthedeepsurfaceof thelateral crura,
and are favored over batten grafts in patients with thin skin as
they are more easily camouflaged. LCSGs are placed via an
open rhinoplasty approach. Vestibular skin is undermined
from the undersurface of the lateral crus from the cephalic
border toward thecaudalborder. The integrityof thevestibular
lining can be maintained during blunt dissection by first
hydrodissecting with local anesthetic. The pocket can be
extended laterally to the piriform aperture, alar base, or rim,
depending on the patient’s anatomic needs.34 The LCSG is
placed on the deep surface of the lateral crus, with the medial
apex of the graft just lateral to the dome and cephalic margin
not exceeding past the cephalic edge of the native lateral crus.
The graft is securedwith 2 to 3 sutures to the lateral crus with
the knot placed away from thevestibular skin. In patientswith
cephalic malposition, the lateral crus can be released of its
lateral attachments. The LCSG is then fixated to the undersur-
face of the lateral crura as described above, and the native
cartilage and graft are then repositioned in a more caudal
orientation within the alar lobule.32

Cephalic turn-in of the lateral crura can be performed in
patients with wide (greater than 12mm) lateral crura and
allows for reinforcement and reshaping without the need for
a graft.35 The vestibular skin is dissected from the undersur-
face of the LLC in a similar manner to LCSG placement. The
caudal border of the vestibular skin is left attached. A partial
thickness cut is made dividing the lateral crura along its
horizontal axis, making sure to preserve at least 8mm from
the caudal border.36 The cephalic portion is then folded
under the caudal and fixated with suture.

Collapse of the alar margin due to inherent rim weakness
or cephalic malposition of LLC can be managed using an alar
rim graft (ARG). This technique can correct alar concavity,
increase nostril aperture size, and improve alar support.37

ARGs are fashioned to span the length of the alar margin that
requires spanning, with beveled edges to reduce palpability.
The medial end can also be softened by gentle crushing with
a Brown-Adson forceps. The ARG is placed within a tunnel
directly along the alar margin. By everting the rim with a
wide double-pronged retractor, a precise tunnel can be
dissected from the medial aspect of the marginal incision
to the alar base with a narrow-tipped scissor and Cottle
elevator.38 To prevent migration of the graft, overdissection
of the pocket is to be avoided.

The articulated ARG (AARG) is a modification of the ARG
with integration to the tip framework, providing increased

stability andminimal riskof graftmigration.29 In addition, this
technique can be a powerful tool to correct alar retraction. An
open rhinoplasty approach is used, followed by dissection and
release of the lateral crus. A caudal septal extension graft
(CSEG) is used to immobilize and strength the tip complex.
AARGs are fashioned from septal or chondral cartilage ideally,
as conchal cartilage lacks the necessary stiffness, and are
carved into a long triangular wedge, with the base of the
triangle positioned over the domes and secured to the CSEG,
creating a cantilever effect.39 The apex of the graft is then
tucked into a snug tunnel along the alar margin, similar to the
ARG graft placement technique.

Conclusion

LWI is a frequently encountered etiology of nasal obstruction.
Multiple treatmentmodalities exist, ranging fromnonsurgical
to minimally invasive to open rhinoplasty with extensive
grafting techniques. In some cases, a combination of techni-
ques may be necessary to address the root cause of LWI.
Patients should be carefully evaluated, and treatment should
be tailored to each individual patient based on their anatomic
findings, symptoms, and prior nasal surgery history.
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