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ABSTRACT

This article reviews the literature on nasal changes
with maxillary orthognathic surgery. Understanding such
changes is vital for surgical planning and for obtaining
appropriate informed consent, and there are medico-legal
implications. During orthognathic surgical planning a
prediction of the effects of the different surgical movements
is possible and this forms part of the basis of the planning
stage. The predicted changes need to be identified and their
desirability or not for each individual patient determined.
Some techniques for managing undesirable nasal changes
are discussed, including adjunct measures to minimize
these potential effects (e.g. cinch sutures), and additional
surgical procedures to manage the undesired nasal changes
once they are produced.

Keywords: Maxillary osteotomy, orthognathic surgery;
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Bu makale maksiller ortognatik cerrahi ile ilgili nazal
degisiklikleri gézden gecirmektedir. Boyle degisiklikleri
anlamak, anlamak, cerrahi planlama ve dogru sekilde
bilgilendirilmis onam alamak adina hayati 6nem tasimaktadir
ve adli gereklilikleri vardir. Ortognatik cerrahi planlamasi
swrasinda farkl cerrahi hamlelerin etkilerini tahmin etmek
miimkiindiir ve bu planlama evresinin tabanini olusturur.
Ongériilen degisiklikler belirlenmelidir ve bunlarin istenip
istenmedigi her bir bireyde ayri ayri degerlendirilmelidir.
cinch stiturlar gibi potansiyel etkileri minimize etmek gibi
ek onlemler de dahil istenmeyen nazal degisikliklerin
bazilarimin nasil idare edilebilecegi ve istenmeyen nazal
etkiler ortaya ¢iktiginda ek cerrahi prosediirlerinin ne
sekilde uygulanacag tartisilmistir.

Anahtar kelimeler: Ust ¢ene osteotomisi,; ortognatik
cerrahi; nazal degisiklik; ortodonti; dikis
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Introduction

For a successful outcome in facial aesthetic and
reconstructive surgery a thorough analysis of the
deformity and the tissues being managed is needed.
The nose should form part of the assessment of
patients for whom we plan orthognathic surgery (1).
Altering the position of the maxilla with orthognathic
surgery produces changes to the nasal appearance and
function. Some of these could be beneficial and should

be allowed to happen for a more refined aesthetic
result. For instance, where preoperative interalar
distance is reduced, the advancement of the maxilla
with orthognathic surgery will widen the interalar
distance, producing a desired effect. On the other
hand anticipated negative features could be eliminated
at the planning stage, minimized or controlled with
ancillary procedures during surgery or corrected with
secondary procedures.

Figure 1. lllusional change in the perception of the position of the chin in profile view following nasal hump removal.
(From: Naini FB. Facial Aesthetics: Concepts and Clinical Diagnosis. Oxford: Wiley-Blackwell, 2011; used with

permission). (a) Preoperative. (b) Postoperative.

It is worth noting that although mandibular
orthognathic surgery would not directly change the
nasal structure a relative change in appearance to the
nose can be brought about by changing the position of
the chin and vice-versa, Figure 1. Surgery to the maxilla
will undoubtedly have effects on the nasal appearance.
This article will concentrate on Le Fort I type surgeries,
as this is the most common type of surgery undertaken in
isolation or as part of bimaxillary orthognathic surgery
and directly affects nasal appearance. The aim is to
summarize the literature about changes to nasal function
and appearance with Le Fort I maxillary orthognathic
surgery and the evidence for ancillary techniques.

Effects of maxillary orthognathic surgery on nasal
function

The nasal cavity anatomy and volume are altered
with maxillary osteotomies and as a result nasal airway
resistance changes. After impaction and/or advancement

of the maxilla a decrease in the nasal airway resistance
is observed (2, 3). It has also been reported to decrease
with maxillary expansion (4). This is likely to be due to
widening of the nares (external nasal valve) and opening
of the internal valve. Patients with high initial values for
airway resistance have the greatest benefit (5).

Effects of maxillary orthognathic surgery on nasal
morphology

Widening of the alar base occurs following almost
all maxillary osteotomies, especially with impaction
and/or advancement (6) or segmental advancement and
widening (7). It is the most consistently reported change
in the literature (6-10). It has also been noted to occur
with surgically assisted maxillary expansion (7, 11, 12).
The most likely explanation for this is the elevation of
the periosteum off the anterior surface of the maxilla,
together with the muscles and ligaments stabilizing
the alar region (13). A study using CBCT images
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preoperatively and 12 months postoperatively for a
cohort of patients undergoing bimaxillary surgery
(involving maxillary advancement and cinch suture)
found no significant correlation between the horizontal
or vertical movement of A-point or ANS and the
widening of the alar base (9). This was supported by
another study assessing 3D laser scans (10). Often
in skeletal Class III cases, part of the deformity is
maxillary hypoplasia and poor support to the alar

bases resulting in a narrowed interalar distance, hence
a mild widening of the alar base width is welcomed,
Figure 2. On the other hand, if the interalar distance
is already wide, as is often the case in patients of
African-Caribbean ethnicity, avoidance of a further
increase is important. Minimizing the amount of
maxillary movement or avoidance of maxillary
surgery if possible may help in this.

|l

_

Figure 2. Photographs of a patient with a Class I1I malocclusion as a result of maxillary retrognathia with associated
poor support to the alar base and narrow interalar distance. The latter improved following orthognathic surgery
as a result of the expected increase in interalar distance with the maxillary advancement. (From: Naini FB. Facial
Aesthetics: Concepts and Clinical Diagnosis. Oxford: Wiley-Blackwell, 2011, used with permission). (a) Preoperative.

(b) Postoperative.

Other nasal changes also occur with maxillary
surgery and generally thought to be dependent on
the direction and magnitude of the maxillary move.
Maxillary advancement and superior repositioning
tends to cause elevation and advancement of the
nasal tip, as well as enlargement of the nasal base (6,
8). Rotation of the tip, exaggeration of the supratip
break and softening of the dorsal hump may follow
maxillary advancements (6). Nasal tip support is
provided by various components; nasal septum,
lower lateral cartilages, attachment of the medial
crura foot plates to the septum, attachment of the
upper lateral cartilages to the lower lateral cartilages,
and the anterior nasal spine. Therefore dissection and
modifications in this region may have an influence
on the tip position. Maxillary advancement and
impaction led to superior repositioning of the nasal
tip in 85% of the cases, nasal tip advancement in
80%, rotation in 80%, and widening of the alar base
in 95% (8). The most consistent association reported

is the increased projection and rotation of the nasal
tip (upturning) with maxillary advancement (7, 8).
In under-projected, rotated short noses, this may
result in excessive nostril show, Figure 3. Superior
repositioning also causes elevation of the nasal tip.
With inferior repositioning of the maxilla and the
rarely performed posterior repositioning there is a
loss of tip support.

Studies assessing three-dimensional
photogrammetric images pre and post-operatively
(7, 14, 15) show maxillary advancement leads to
significant increases in alar base, interalar and nostril
widths, nasolabial angle (15), soft triangle, nasal tip,
columella and upper lip projection (7, 14). Significant
decreases in the nasofrontal angle and nostril height
were also found (7, 14).
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Figure 3. Photographs showing excessive nostril show following a maxillary advancement procedure. (From: Naini

FB. Facial Aesthetics: Concepts and Clinical Diagnosis.

(a) Preoperative. (b) Postoperative.

During maxillary impaction it is important to trim
the cartilage of the septum appropriately to prevent
its lateral deflection, which may obstruct the nasal
airway and/or cause asymmetrical deviation of the
nose, Figure. 4. On the other hand, if this is done
overzealously in front of the anterior nasal spine,

Oxford: Wiley-Blackwell, 2011; used with permission).

in the postoperative period when scarring is taking
place, columellar retraction may occur, leaving the
columella in a relatively ‘hanging’ position. Excessive
reduction of the anterior nasal spine itself can also
cause the same deformity, Figure 5.

i

Figure 4. (a) Photograph showing post-orthognathic nasal septum deflection caused by insufficient trimming of the septum during
a maxillary impaction. (b) Its management with a secondary procedure. (From: Naini FB. Facial Aesthetics: Concepts and Clinical

Diagnosis. Oxford: Wiley-Blackwell, 2011; used with permission).
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Figure 5. (a) Frontal view showing the ‘gull in flight’ appearance. The columella is observed to hang just inferior to the alar rims.
(b) Example of a patient with excessive exposure of the columella (*hanging columella’) following orthognathic surgery. (From: Naini
FB. Facial Aesthetics: Concepts and Clinical Diagnosis. Oxford: Wiley-Blackwell, 2011; used with permission).

In predicting the change in the nasolabial angle
it is helpful to consider it as being composed of two
components; hence, the overall alteration will depend
on the changes in the columella angle (i.e. upturning
of the nasal tip) and the change in the inclination
of the upper lip, Figure 6 (16). For instance, in
maxillary advancement procedures the upper lip
would be advanced leading to a reduction in the lower
component but if there is considerable upturning of
the nasal tip there would be an increase in the upper
component and the overall resultant effect is most
commonly an increase in the nasolabial angle (7,
15). There tends to be a decrease in the nasolabial
angle following maxillary impaction, which can also
be coupled with deepening and accentuation of the
nasolabial groove. On the other hand, inferior and/
or posterior repositioning of the maxilla causes an
increase in the nasolabial angle (6).

Figure 6. (a) Division of nasolabial angle into upper and lower components. (From: Naini FB. Facial Aesthetics: Concepts and
Clinical Diagnosis. Oxford: Wiley-Blackwell, 2011; used with permission). (b) Preoperative profile. (c) Postoperative profile showing
increase in nasolabial angle particularly due to changes in the lower component (i.e. upper lip inclination) following a posterior set-
back of the maxilla.

Maxillary Le Fort I osteotomy has minimal direct
effects on the nasal dorsum. These changes are often
perceptual and relate to the tip position. Nasal tip
droop often accentuates a prominent nasal dorsum.
When the tip projects and rotates upwards, the hump
becomes apparently less visible. Conversely when
the dorsal nasal profile is low, advancement of the
maxilla may result in further flattening of the dorsum.

Intraoperative procedures to manage nasal
changes with orthognathic surgery

a. Alar base cinch suture: Originally described by
Millard (17) for cleft patients and later introduced into
orthognathic surgery as a technique for minimizing
alar base widening with maxillary surgery (18). It was
postulated that the elevation without re-approximation
of the perioral and perinasal musculature was
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the reason for increased nasal width following
Le Fort I type osteotomies (13). Other suggestions
for this widening include release of periosteum and
muscle attachments adjacent to the nose, oedema
and spatial change of the supportive bone to the
nasal base (19). The classical cinch suture uses a 3/0
non-absorbable suture passed through the intra-oral
incision, anchoring fibro-areolar tissue under both
alae and the transverse nasalis muscle. This controlled
reorientation of the perinasal muscles is thought to
provide a more predictable and stable result than
their random reinsertion (20). However, it has been
criticized as inaccurate, unpredictable and leading to
other possible effects such as upper lip ‘lengthening’,
which may not be desirable. The naso-endotracheal
tube may distort the nostrils, making intraoperative
assessment of alar width and undertaking of the suture
difficult and inaccurate (21). Some surgeons have
addressed this by using submental intubation (22,
23) whilst others have suggested replacement of the
naso-endotracheal tube with an oral endotracheal tube
following stabilization of the maxilla and mandible
(24, 25). The effectiveness of alar base cinch sutures
on minimizing alar widening is controversial, some
in support, (23, 25-28) whilst others stating no
significant effect (29, 30). A prospective randomized
controlled trial found it provides a small and clinically
insignificant decrease in alar width widening (0.5 mm)
and concluded it was of ‘little benefit’ (29). On the
other hand, a retrospective study found alar widening
was statistically significantly reduced with the cinch
suture compared to the control group, 1.6 mm and
2.3 mm respectively (28).

Another criticism is the unwanted nasal tip
rotation (upturning), thought to occur due to ventral
pressure of the maxillary bone on the lateral crurae
(31). An increase in nasolabial angle has also been
identified in individual studies (7, 15, 25, 28, 32,
33), and a systematic review (34). Passing the suture
through the nasal septum 10mm posterior to the nasal
spine has been suggested as a modification to limit
this effect (35). The authors combined this with a
VY closure, terming it mACVY and found it limited
vertical changes in the nasal tip, to those expected
with simple closing sutures (36). There was however a
significant increase in nasal tip projection horizontally
and increased soft to hard tissue ratios of upper lip
movement in mACVY group (36). Two systematic
reviews also found the latter trend (34, 37).

Generally, it is accepted postoperative oedema
can take up to six months if not longer to settle (38),

hence stability would be best tested at least a year
postoperatively. Studies where samples were followed
for at least one year suggest there is good medium
term stability (23, 25, 27). Although it has not been
compared, it may be that the suture material used i.e.
resorbable (28) or non-resorbable (18) could have
a bearing on the stability of the procedure. Some
modifications to increase stability often by increasing
the grasp of tissue (39), for which prospective and
mostly randomized trials have been undertaken,
include; extra-oral suture insertion (40), extra-oral
insertion with partial retraction (41) and transseptal
approach (42). A systematic review found the modified
versions were more effective than the classical cinch
suture at maintaining the preoperative alar and alar
base width (43), but a prospective randomized double
blind study found no significant difference with their
suggested modification (32).

b. Pyriform guttering: In this manoeuvre bone is
removed from the pyriform rim to minimize the anterior
or superior displacement of alar and perialar soft tissues.
Literature assessing the effect of this manoeuvre on nasal
soft tissues is lacking.

c. Anterior nasal spine (ANS) recontouring/subspinal
osteotomy: Reduction of the ANS can be undertaken
when advancing the maxilla in order to control nasal
tip rotation, as advancement of the maxilla often leads
to nasal tip upturning. It has been reported to lead to
a reduced ratio of response of the anterior nasal tip to
movement at A-point from 0.33:1 to 0.25:1 (44). It is
difficult to quantify the amount and site of bone removal
and measurement on lateral cephalometric radiographs
is also difficult due to the change in anatomy at the site,
hence likely this has led to the little evidence though it
is commonly undertaken clinically. Another technique
suggested for limiting nasal tip rotation for patients
undergoing maxillary advancement and/or impaction is the
subspinal osteotomy (45, 46). It is suggested, preservation
of the natural muscular insertions of the transverse
nasalis and depressor septi muscles can be achieved if
the anterior portion of the usual circumvestibular incision
is undertaken in a V-shaped full thickness manner and
the anterior osteo-musculo-mucosal flap from the nasal
septum is preserved (45). Some support this reduces
alar base widening and tip rotation though others found
no difference in nasal tip elevation and projection (31).
The latter, was a retrospective study of two matched
groups who received a conventional Le Fort I osteotomy
for maxillary advancement and impaction with ANS
recontouring, alar base cinch suture and VY closure or
subspinal osteotomy. The matching based on amount
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and direction of skeletal movement allows for a more
accurate comparison of the effect of the techniques but
it is important to note the comparison is to a Le Fort I
with multiple ancillary techniques which have their own
effects on the nasal appearance.

d. VY closure: 1t involves medial advancement of the
superior aspect of the vestibular incision to produce the
‘Y’ appearance, to help re-approximate the nasolabial
musculature, reducing the tendency for thinning and
shortening of the upper lip with Le Fort I osteotomies
(13). Studies often include patients receiving cinch
sutures as well as VY closures, hence difficult to ascertain
which of these techniques produces what effects (36). A
trend towards VY closure helping to minimize upper lip
shortening is noted in the literature (36, 47, 48), though
some studies have also found no statistical significant
difference (49). A study found it allowed the upper lip
to roll out by approximately 25% more than when no
VY closure was used and reduced lip shortening by a
factor approaching 2 (47). Furthermore, a randomized
prospective trial found a statistically significant increase
in upper lip height with an alar cinch suture and VY
closure (1.10 mm = 0.34), which reflected a 23% increase
compared to the shortening experienced by the simple
closure group with a cinch suture (—0.79 mm =+ 0.45)
(48). There was also significantly less upper lip thinning
with the use of a VY closure (48).

e. Septal trimming and fixation: Instead of or in
addition to ANS recontouring, septal trimming can
be undertaken to allow for its adaptation to the new
anatomical position of the maxilla without it being bent
and deviated if lacking space. Additionally, surgeons

might use a suture to fix the septum to the surrounding
anatomy in the desired position. The fixation of the
septum to the anterior nasal spine could be an important
stabilization manoeuvre, but one should be careful as the
orthognathic surgical procedure would have changed the
position of the maxilla and in doing so the anatomical
landmarks generally used for positioning the septum
may have changed too.

Secondary Surgical Procedures to Manage Nasal
Changes with Orthognathic Surgery

To correct unwanted changes to the alar base
following orthognathic surgery, alar base surgery may
be considered. Ideally, the most lateral aspect of the
ala should fall within a perpendicular line dropped
from the medial aspect of the medial canthus and
infratip lobule width should be approximately 75%
of the nasal width (16). The following areas should
be assessed when planning the procedure; inter-alar
width, amount of nasal sill, presence or absence of
alar flaring, nostril shape and thickness of the alar
rim. Alar base reduction is best performed in the
nasal sill. The excision then can be extended at the
alar facial groove to deal with the flare component.
Excision may be limited to the alar facial groove if
the problem is primarily one of flaring. Extension of
incisions to the internal vestibular surface depends
on the desire to change the shape of the naris. If the
alar rim is thick a further wedge excision of the rim
may be carried out to narrow it, Figure 7 (50).

Figure 7. Photographs showing a patient who underwent alar wedge excision as a secondary procedure to manage the alar
flare and increased interalar width that resulted from orthognathic surgery. (From: Naini FB. Facial Aesthetics: Concepts
and Clinical Diagnosis. Oxford: Wiley-Blackwell, 2011; used with permission). (a) Preoperative. (b) Intraoperative.

(¢) Postoperative.
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Septoplasty can be undertaken for correction of
a buckled septum following maxillary impaction
to improve the nasal airway and to deal with any
resultant asymmetry. Columellar retraction resulting
from overzealous removal of caudal septum and ANS
can be corrected using septal extension grafts and
plumping grafts. Long-term stability is better with
a septal extension graft but patients may complain
of stiffness of the nose. Finally, following maxillary
advancement, in cases where there is already a
saddle deformity, improvement in dorsal profile can
be achieved by using diced cartilage wrapped in
temporalis fascia. This gives a stable result allowing
the dorsum to blend well with the neighboring areas.

Conclusion

Nasal aesthetic and functional analysis should
form part of the diagnostic process and treatment
planning for orthognathic surgery. Patients should be
informed about nasal changes that may occur with
orthognathic surgery and the associated strategies
for their management. It is an art to allow some
changes to occur when these are deemed beneficial
but to identify and minimize undesired effects.
Although some ancillary manoeuvres are possible,
these also lead to nasal changes themselves which
should be considered, and in some cases secondary
procedures may be required. To be able to carry out a
comprehensive septorhinoplasty either planned at the
outset or introduced later based on post-orthognathic
surgical assessment, provides a powerful tool for the
facial surgeon.

Whilst there may be attraction to carrying out a
rhinoplasty concurrently with a maxillary osteotomy,
both in terms of inaccuracy of planning as well as
inability to achieve a high quality technical result,
this temptation should be avoided in the view of the
authors. The nose will change during the maxillary
osteotomy and preoperative observations will not
be the same, making a finely tuned rhinoplasty plan
a challenge. In addition, each procedure may take
several hours, making the operation unreasonably
long and anaesthetic considerations, such as change
of nasal tube to oral, or a submental intubation to be
carried out at the outset, may become a necessity.
Carrying out rhinoplasty and maxillary osteotomy at
the same time is contentious and though advocated
by some authors (51), the present authors would
recommend instead their sequential undertaking in
most cases.
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