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Nasal bone fractures are the most common facial fractures
and account for 40 to 50% of bony injuries to the facial
skeleton.1–3 As the most prominent anterior feature of the
face, the nose is easily subject to trauma. Nasal bone injuries
are often accompanied by cartilaginous and soft tissue
injuries as well. While often thought of as minor injuries,
nasal bone fractures can have lingering long-term effects. In
fact, the incidence of posttraumatic nasal deformity varies
from 14 to 50%,4 and posttraumatic nasal deformities can
often be very challenging to address and resolve. In this
article, we discuss the tools and techniques available for
acute and delayed management of nasal bone fractures and
posttraumatic nasal deformities.

Anatomy

The nose is the most prominent anterior feature of the face.
The nose contains a bony vault, upper cartilaginous vault,
and lower cartilaginous vault. The bony vault is composed of
paired nasal bones, the ascending process of the maxilla and
the nasal process of the frontal bone.5 The nasal bones
articulate with the upper lateral cartilages which form the
upper cartilaginous vault. This vault contains the internal

nasal valvewhich is bordered by the nasal septum, the upper
lateral cartilage, the head of the inferior turbinate, and the
nasal floor. The upper lateral cartilages overlap the nasal
bone by 6 to 8mm providing a strong support between the
bony and cartilaginous portions of the nose. Caudally, the
upper lateral cartilages articulate with the cephalic edge of
the lower lateral cartilage in the scroll region5 (see ►Fig. 1).
The septum acts as a “tent pole” to support the nasal tip and
nasal dorsum and becomes thicker posteriorly, basally and
caudally where it attaches to the bony framework of the
nose.6

Overlying the cartilaginous and bony support of the nose
is the skin soft tissue envelope of the nose which has
distinct tissue layers. These are the epidermis, dermis,
subcutaneous fat, muscle and fascia, areolar tissue, and
periosteum or perichondrium. The skin overlying the nose
can have variable type, texture, and sebaceous content. This
is important for the rhinoplasty surgeon to consider as thick
skin requires more aggressive modification of the bony/
cartilaginous framework of the nose to achieve desired
contours of the nose, while thin skin will show off the
slightest imperfections of contour, asymmetry, and under-
lying graft material.7–15
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Abstract Nasal bone fractures are themost common fractures of the facial skeleton and are often
accompanied by bony, cartilaginous, and soft tissue injuries. These injuries are often
complex, and when untreated or inadequately treated, can lead to posttraumatic nasal
deformity. The most common deformities are the crooked nose and the saddle nose.
Both deformities may result in significant cosmetic and functional concerns. The
treatment of these deformities can be complex, requiring careful evaluation of the
nose and thoughtful planning to correct the cosmetic deformity and restore functional
integrity. The rhinoplasty surgeon will benefit from having a large repertoire of
techniques to achieve these repairs. In this article, we discuss the options and concepts
for themanagement of nasal bone fractures as well as complicated posttraumatic nasal
deformity. Level of evidence is not available.
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Evaluation

The preoperative assessment of the nose begins with a good
history and physical examination. A detailed nasal history
should include the history of injury, the timing of injury,
mechanism of injury, object responsible for injury, direction
of injury, and force of injury. For acute nasal bone injury, a
history of epistaxis indicates concurrent laceration of the
nasal mucosa. Epistaxis without obvious nasal deformity
may be the only clinical finding in some nasal bone fractures.
The history should also include previous nasal surgery,
functional status of the nose, nasal airway obstruction, and
change in the appearance of the nose. Preinjury photos may
be useful in ascertaining postinjury changes to the appear-
ance of the nose.

A detailed physical examination should follow. The physical
examination should start with an external examination of the
nose. The external examination includes notation of any devi-
ation to the nose, C-shape or S-shape deformity, bony width,
alar rimmorphology, dorsal profile, saddlenosedeformity, and
tip definition/projection. Any palpable step-offs or mobility of
the nasal bone, swelling, fresh or well-healed lacerations, and
changes in the shape of the nose should be noted. An internal
examination should follow with a good headlight, deconges-
tant, topical anesthesia if indicated, suction, and endoscope.

Topical decongestant may assist in the examination as there
may be significant post-injury swelling. The internal examina-
tion should make note of the septum, septal fractures, septal
deviations, septal dislocations, inferior turbinate size, internal
nasal valve patency, and nasal airflow. A modified Cottle
examination should also be done to assess nasal valve compe-
tency. In the event of an acute injury, a complete evaluation of
the septum should be done, and septal hematoma should be
ruled out. If a septal hematoma is present, it should be
addressed promptly to avoid subsequent septal distortion,
infection, necrosis, and saddle nose deformity. The septal
mucosa is examined to assess for tears and fracture. A rigid
endoscopemay be used to better assess the septum, especially
posteriorly. Rigid endoscopy can also assist in detecting other
defects and previous septal injuries including septal fractures,
posterior spurs, and septal perforations.

For acute nasal bone fracture evaluation, imaging may
supplement a good history and physical examination. Plain
radiographs are not necessary or cost-effective in the diag-
nosis of nasal bone fractures.15 Plain radiographs have poor
sensitivity and poor specificity and can cloud the clinical
picture. Computed tomography imaging can be obtained for
patients who have significant swelling that prevents a good
clinical examination of the nose, a history of high impact
injury, cerebrospinal fluid rhinorrhea, or suspicion for other
facial fractures based on physical examination.

Acute Treatment of Nasal Bone Fractures

There are three considerations to make when deciding on
appropriate treatment for nasal bone fractures. The first is
the timing of repair, the second is the choice of anesthetic,
and the third is closed versus open reduction. In the first few
days following nasal bone fracture, soft tissue swelling
usually masks the underlying bony injury. For this reason,
the timing of repair is generally completedwithin thefirst 10
to 14 days after injury.16–18 In the pediatric population, some
authors have recommended performing the reduction with-
in 7 days as bone healing can occur more quickly in the
pediatric population.6 The indications for closed reduction
are (1) unilateral or bilateral nasal bone fracture and (2)
fracture of the nasal-septal complexwith nasal deviation less
than one-half width of the nasal bridge. The indications for
open repair are (1) extensive fracture or dislocation of the
nasal bones and septum, (2) nasal deviation that is greater
than one-half width of the nasal bridge, (3) fracture and
dislocation of the caudal septum, (4) open septal fracture,
and (5) persistent nasal deformity after closed reduction.6

Closed nasal bone reductions can be done under local or
general anesthesia. Numerous studies have demonstrated
that local anesthesia is just as effective as general anesthesia
and less expensive than general anesthesia.19–21 Following
adequate analgesia, digital pressure can then be applied to
reduce the nasal bone. For more complicated fractures,
instrumentation may aid reduction—the Boies elevator is
often less traumatic and less likely to cause mucosal damage
and epistaxis. In this technique, the Boies elevator is inserted
into the nose and the surgeon’s thumb is placed over the

Fig. 1 The bony vault of the nose is composed of paired nasal bones,
the ascending process of the maxilla and the nasal process of the
frontal bone. The nasal bones articulate with the upper lateral
cartilages which in turn articulate with the lower lateral cartilage. The
internal nasal valve is depicted in blue and the external nasal valve is
depicted in green.
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nasal bones to detect bonymobilization and assist reduction.
A Walsham forceps may be used to correct and reduce
impacted nasal bones, while an Asch forceps may be used
to reduce the nasal septum.

For more complicated fractures and septal injuries, open
reduction of the nasal bones should be performed. Open
reductions can be accomplished by a variety of approaches.22

Complete exposure of the septum is obtained, and the septum
is relocated onto the anterior nasal spine. In cases where the
septum cannot be reduced and adequately secured, submu-
cous resection of the septum is performed. This includes
resection of the fractured portions of the cartilage and bone
(vomer, perpendicular plate of the ethmoid).14 Following
reduction, intranasal splints and external splints are applied
to stabilize the reduction and allow for healing.

Delayed Treatment of Posttraumatic Nasal
Deformity

Nasal deformity following nasal trauma is one of the most
common reasons that patients seek open septorhinoplasty.
In cases where acute and primary treatment of the nasal
bone fracture or nasal deformity are not possible, delayed
reconstruction may be done to address functional deficien-
cies, asymmetries, and deformities of the nose. In general,
reconstruction and open septorhinoplasty are performed 6
to 12 months after injury to allow time for the scar tissue to
mature and the deformity to stabilize. The incidence of
posttraumatic nasal deformity ranges from 14 to 50% and
the two most commonly seen posttraumatic nasal deformi-
ties are the crooked nose and the saddle nose deformity.7–9

Bony deviation from traumatic injury to the septum and to
the nasal bones can result in a crooked nose. Inadequately
treated septal fractures or unrecognized septal injury can
also lead to a crooked nose. The septum is thekey structure to
correct to minimize secondary deformity and a crooked
nose.5 Unrepaired septal injuries can cause progressive
distortion of the septum and cause the nasal bones to heal
in a deviated position, pulled to one side or another by the
nasal septum. The age-old adage “as the septum goes, so
goes the nose”23 applies in these scenarios. For simple
injuries involving the distal portion of the quadrangular
cartilage, closed reduction with intranasal splints results in
satisfactory outcomes.12 Complex septal fractures are better
addressed through an open approach.11,13,14 The saddle nose
deformity is another commonposttraumatic nasal deformity
and is the result of loss of septal support. This may
occur secondary to untreated septal hematoma. The saddle
nose deformity is characterized by a scooped out profile,
step-off between the bony and cartilaginous vaults and
widened nasal width on frontal view.

The Crooked Nose

To fully address the crooked nose, the surgeon must address
the bony vault, septum, and the lower two-thirds of the nose.
When closed reduction is ineffective, and posttraumatic
deformity persists, an open septorhinoplasty can be per-

formed 6 to 12 months following injury. This allows time for
scar tissue to mature and the deformity to stabilize so an
accurate operative plan can be executed.

The Bony Vault
Open reduction of the bony vault may be performed via an
endonasal or external rhinoplasty approach. There are vari-
ous osteotomy types that can be performed to achieve this
(►Fig. 2). They include the lateral osteotomy, intermediate
osteotomy,medial osteotomy, and transverse osteotomy. The
purpose of an osteotomy is to mobilize the bony pyramid so
that it can be reset in amore anatomically favorable position.
A medial osteotomy is often necessary to create a controlled
back fracture for the lateral nasal bone. To perform a medial
osteotomy, a narrow straight osteotome is engaged in the
nasal bone at the junction of the septum and nasal bone. The
osteotome is then directed in a cephalic direction and faded
laterally in a paramedian,medial oblique, or superior oblique
direction. There are various approaches and methods for
performing lateral osteotomies. Various points of access have
been described, but5,24,25 the twomost common approaches
are the internal continuous lateral osteotomy and the perfo-
rated percutaneous lateral osteotomy.5 In the internal con-
tinuous lateral osteotomy technique, a 3-mm stab incision is
made in the nasal vestibule just anterior to the insertion of
the head of the inferior turbinate. A curved osteotomewith a
guard on the lateral edge is inserted into the incision and

Fig. 2 Osteotomies: Medial, intermediate, and lateral osteotomies
may be necessary to correct a severely deviated bony vault. In patients
who have had a bony hump takedown with open roof, a medial
osteotomy may be unnecessary to mobilize the nasal bone.
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using tactile feedback, the curved osteotome is engagedwith
the edge of the piriform aperture. The guard on the lateral
edge of the osteotome is then used as a guide to move the
blade in the desired direction to perform a high-low-high,
low-to-high, or low-to-low lateral osteotomy.5,26 The lateral
osteotomy should not extend past the medial canthus
cephalically. At the end of the osteotomy, the osteotome is
directed back to create a fracture and mobilize the lateral
nasal bone.

In the perforated percutaneous technique, a small stab
incision is made externally over the nasal bone and a 2-mm
osteotome is inserted at the mid-portion of the bony pyra-
mid along the planned fracture line. A series of small
discontinuous osteotomies are made in a postage-stamp
fashion along the planned osteotomy line. In cases where
there is significant deviation, concavity or convexity to the
nasal bones, an intermediate osteotomy may also need to
be performed (►Fig. 2). In these cases, the intermediate
osteotomy should be done first to preserve stable bone on
which to perform the lateral osteotomy. An external nasal
splint is placed at the end of the procedure to help hold the
reduced nasal bones in place during healing.

Middle Vault and Tip
In some patients with a crooked nose, osteotomies and
repositioning of the bony vault will also straighten the
nose. If the upper lateral cartilage, septum, and lower vault
are intact and stable, bony repositioning can pull the entire
cartilaginous vault into midline position. In cases where
osteotomy does not reposition or straighten the nose, it is
likely that there are more complex underlying septal devia-
tions that need to be corrected and addressed. In general,
asymmetries of the middle vault will parallel the asymme-
tries in the dorsal septum and upper lateral cartilages.
Asymmetries of the nasal tip will follow deviation of the
anterior septal angle and asymmetries in the medial crura
and columellar deviation will parallel the caudal septal
margin. To address these asymmetries in the cartilaginous
vault of the nose, these respective portions of the septum
need to be carefully assessed and corrected.27

Middle Vault Asymmetry
Middle vault asymmetry often results from asymmetry in
the upper lateral cartilages and dorsal septum. Addressing
these asymmetries is best accomplished through an
open/external rhinoplasty approach. After the nose is
opened, the dorsal septum is carefully examined. Deviations
in the dorsal septum can be addressed with spreader grafts.
Spreader graft dimensions can vary from 10 to 20 mm�2 to
3mm�2 to 4mm.28 Spreader grafts can open the nasal valve
and camouflage asymmetries in the middle vault. Asymmet-
ric spreader grafts can be fashioned and placed on either side
of the deviated dorsal septum to address cosmetic asymme-
tries. Typically, a thicker spreader graft may be placed on the
concave side of the deviation and the thinner graft on the
convex side. Unilateral spreader graft placement is not
recommended because the unilateral graft will tend to be
pulled by the septum in the direction of deviation. It is the

inward force exerted by bilateral graft placement that will
help correct the deviated septum.27 An ethmoid bone graft
harvested from the perpendicular plate of the ethmoid
during septoplasty can also be fashioned into a spreader
graft to splint the deviated dorsal septum into midline
position.27,29While the ethmoid bone graft provides a strong
and stable splint for the deviated septum without widening
the nose, one limitation of the ethmoid bone graft is a
tendency for the bone to resorb over time leading to recur-
rence of functional and cosmetic issues.

The Nasal Tip and Lower Third
Deviation of the nasal tip and lower third can often be traced
to caudal septal deviation. Correcting deviations in the
caudal septum is challenging but crucial to reset the nasal
tip in the midline. In cases where the caudal septum is
straight but dislocated off the anterior nasal spine, nasal
tip deviation may be addressed by repositioning the poste-
rior septal angle over the nasal spine. If there is buckling of
the caudal septum after repositioning due to excessive septal
height, the excess can be trimmed along the posterior angle
inferiorly and the septum repositioned over the nasal spine.

Deflections of the caudal septum that are mild can
be addressed with various techniques. A mild deflection
can be treated with scoring of the cartilage to combat the
memory in the cartilage. Once the cartilage is scored, it can
then be straightened and a cartilage graft can be sutured to
the convex side to act as a splint to hold the caudal septum
straight. If the cartilage graft has a curvature to it, the graft
can be strategically placed so that the natural curvature
opposes the deflection in the caudal septum to act as a splint
to keep it straight. Ethmoid bone can also be harvested and
used to splint the caudal septum to remove the curvature and
straighten the deflection. While the ethmoid bone can act as
an excellent splint to hold the cartilage straight, the bone
may resorb over timewith recurrence of the septal deviation
and deflection.27

For those patients who have a shortened nose, uprotated
tip or retracted columella, a septal extension graft can be
used to lengthen the nose, rotate the tip, and set the nasal tip
in the midline. The caudal septal extension graft is over-
lapped with the caudal septum and sutured in place using
two horizontal mattress sutures. Care should be taken to
ensure the nasal airway is not obstructed by the overlapping
septal extension graft. If there is a slight curve to the septal
extension graft, this curve can be used to counteract the
deflection in the existing caudal septum. Once the septal
extension graft is placed, the medial crura are sutured to the
graft, and the columellar base and nasal tip are set in
the midline. The septal extension graft can be used to alter
the length of the nose, tip projection, tip rotation, nasolabial
angle, and columellar show.30

Extracorporeal Septoplasty
For the severely deviated septum that involves the caudal
septum and dorsal septal strut, the techniques described
earlier may not be sufficient. In these cases, an extracorpo-
real septoplasty should be done to correct deviations in the
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middle vault and nasal tip. Exposure of the septum is
completed via an external rhinoplasty approach. The entire
septum including the caudal septum is then removed en bloc
and the entire L strut is reconstructed. When removing the
septum, a remnant of the dorsal septum is left attached at the
osseocartilaginous junction/keystone area to leave a carti-
laginous remnant for reattachment of the replacement graft.
The longer the dorsal remnant, the easier the repair will be. If
possible, leaving at least 1.5 cm of dorsal remnant will be
ideal and ensuring the dorsal attachment of the cartilaginous
septum to the bony septum remains intact is ideal.27 The
attachment of the cartilaginous septum to the bony septum
is what will provide dorsal stability for the septal reconstruc-
tion. If the native septum does not offer enough cartilage for
reconstruction, additional cartilage may be harvested from
the ear or the rib. Once the replacement septal graft is
fashioned, it is overlapped with the remaining dorsal strut
and secured to the dorsal strut with horizontal mattress
sutures. The caudal portion of the graft is then secured to the
periosteum of the nasal spine or the posterior septal angle
remnant if one is left (►Fig. 3). Once the L-strut and septal
replacement graft are inset, spreader grafts can be placed to
stabilize the septal replacement graft to the mid-vault, fine
tune cosmetic asymmetry in the mid-vault, and restore
function of the internal nasal valve.

Saddle Nose Deformity

Saddle nose deformity after nasal trauma results from a loss
of septal support and structure. This may result from
untreated septal hematoma which may lead to an abscess

that results in cartilage resorption and loss of septal support.
Saddle nose deformity is characterized by a distinct scooped
out profile, step-off between the bony and cartilaginous
vaults, widened nasal width on frontal view, and functional
nasal obstruction due to collapse of the internal nasal valve
from collapsing upper lateral cartilages (►Fig. 4).

There are various methods available to augment the nasal
dorsum. For more mild cases of deformity where only a few
millimeters of augmentation are needed, dorsal onlay grafts
can be used for augmentation. Dorsal onlay grafts can be
fashioned from septal, auricular, or costal cartilage. The carti-
lage is carved into a canoe shape and the edges are beveled to
better camouflage any sharp edges under the skin. Depending
on the amount of augmentation needed, multiple segments
may need to be carved, stacked, and sutured together to
achieve the desired height. A subperiosteal pocket is then
createdand the graft is inserted into thispocket and the graft is
secured to the remaining dorsal septum. A transcutaneous
suture can be placed to stabilize the graft cephalically.31

For severe saddle nose deformities and cases that require
significant augmentation, costal cartilage should be harvested
as grafting material. The rib cartilage is carved en bloc into a
canoe-shaped structure and placed along the dorsum to aug-
ment and correct the saddle nose deformity (►Fig. 4). The
canoe-shapedgraft is typicallyconcaveontheundersurfaceand
hasan8:2:1 length towidth toheight ratio.32Contouring the rib
to avoid sharp edges is important to improve the cosmetic
outcome and prevent palpable edges or visible edges in the
graft. This is particularly important in thin-skinned individuals.
When insetting the monobloc rib graft, the underlying septum
must be strong enough to support the graft. In patients with

Fig. 3 Extracorporeal septoplasty. (A) Preoperative view of posttraumatic nasal deformity showing deviation and C-shape deformity to the nose.
(B) Postoperative view demonstrating correction of the nasal deviation and deformity. (C) Intraoperative dissection demonstrating severe
deviation of the cartilaginous septum. (D) Reconstructed septumwith caudal septal replacement graft fashioned from septal cartilage. A portion
of the dorsal cartilaginous strut has been maintained and preserved for securing the caudal septal replacement graft. (E) Deviated portion of
septum including portions of the L strut completely excised. (F) Note the severe deviation and curve in the dorsal septal strut.
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severe septal compromise, caudal support of the tip will also
need to be reconstructed to support the graft and the nasal tip.
In these patients, a caudal septal replacement graft or caudal
septal extensiongraft can be fashionedandfixed to the anterior
nasal spine to provide tip support. This caudal septal graft is
then incorporated into the dorsal monobloc graft. The dorsal
graft is then stabilized cephalically by the nasal bone and
caudally by the caudal septal extension graft. A subperiosteal
pocket is then created over the nasal bones and the dorsal graft
is inserted snugly into this pocket and can be fixed with a
Kirschnerwire cephalically. Caudally, the dorsal graft is secured
to the caudal septal extension or replacement graft.

Another option for dorsal augmentation is diced cartilage.
Diced cartilage for nasal augmentation was revived by Erol’s
publication on the use of the “Turkish delight” graft.33 Daniel
and Calvert recommended the use of autologous temporalis
fascia as thewrap for the diced cartilage.34,35 In this technique,
cartilage is diced into 0.5 to 1mm cubes. The grafts are then
wrapped in temporalis fascia or placed in a 1-mL syringe for
easy insertion of the diced cartilage into the fascial wrap. The
grafts remain palpable postoperatively and are malleable for

10 to 14 days postoperatively. Due to lack of absorption, the
graft can be used to achieve the ideal shape of the nose at the
time of surgery, and no overcorrection is necessary.34

Due to the drawbacks of temporalis fascia harvest, various
methods have been developed to simplify the use of the diced
cartilage graft in dorsal augmentation. Modifications of this
procedure and experimentation with other materials to wrap
and prepare the diced cartilage graft have been described.
Other materials used to wrap the diced cartilage include
acellular cadaveric dermis and oxidized regenerated cellu-
lose.36 Tasman et al described the use of two-component
fibrin glue to hold the diced cartilage together in a malleable
graft that may be used to augment the nasal dorsum. In this
technique, the cartilage is diced into 0.5 to 1mm sized cubes
and placed in a 3-mL syringe that has been fashioned into a
boat. Fibrin glue is applied over the cartilage (►Fig. 5), and the
graft is unmolded and inserted into a tight subperiosteal
pocket. The graft ismalleable and canbemolded to thedesired
shape on the table. This technique has reduced operative time
and the grafts have demonstrated good longevity37 and good
results in dorsal augmentation.

Fig. 4 Posttraumatic saddle nose deformity. (A) Frontal view of a patient with posttraumatic saddle nose deformity showing step-off between
the bony and cartilaginous vaults and widened nasal width. (B) Preoperative profile view showing scooped out appearance of the nose on
profile view. (C, D) Postoperative photos showing narrowed bony vault on frontal view and correction of scooped out profile and step-off
between the bony and cartilaginous vaults. (E) Autologous rib cartilage carved for dorsal augmentation. (F) The graft is placed in a tight
subperiosteal pocket to provide dorsal augmentation.
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Summary/Conclusion

While considered amild injury, nasal bone fractures can have
long-lasting consequences on the cosmetic and functional
form of the nose. Even with prompt treatment and early
closed reduction, posttraumatic nasal deformity can result.
The two most common posttraumatic deformities are the
crooked nose and the saddle nose. Both require attention to
the bony and cartilaginous vaults of the nose and careful
attention to the septum. Good reduction and adequate
treatment often involve carefully planned osteotomies and
reconstruction of the L-strut of the nose to reconstitute the
middle vault and reset the nasal tip in the midline. There are
many techniques available to the rhinoplasty surgeon to
accomplish this. By understanding the anatomy of the
nose, the relation between the bony and cartilaginous vaults,
and the anatomy of the L-strut, the rhinoplasty surgeon can
address these difficult deformities while maintaining the
cosmetic and functional integrity of the nose.
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