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Abstract Cleft rhinoplasty is a demanding, technique-

sensitive procedure. Part art, part science; it poses several

probing questions to the surgeon. The unilateral cleft nasal

deformity is a distinct entity because the pursuit of sym-

metry in the unilateral cleft nose makes the repair much

more challenging. The advent of nasoalveolar moulding,

the gaining popularity of primary (early) nasal repair and

greater refinements in secondary (definitive) rhinoplasty

techniques have contributed to better nasal results in uni-

lateral cleft repair. Yet, some obstacles remain. This paper

aims to discuss the anatomy of the unilateral cleft nose,

enumerate aims and objectives of repair at every stage, and

to demonstrate the evolution and varied rationale of man-

agement of nasal deformities in the unilateral cleft lip and

nose.
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Introduction

Over the years, a multitude of surgical techniques for cleft

repair have been introduced and discarded by surgical

pioneers, with further refinements brought forth by a gen-

eration of surgeons thereafter. Yet, unlike an excellent lip

repair, which can be reliably reproduced, the cleft nose

remains a challenge. Despite better understanding of the

pathology, improved surgical techniques/materials and

attempts at addressing some of the nasal deformity early

on, there are several factors that may have an effect on the

final surgical result. Results of nasal repair may be com-

promised by a number of variables, these may include the

degree of deformity, the effects of growth over time and/ or

the sequelae of the repair itself. Combine this with the fact

that any result can only be truly judged after a ‘surgical

lifetime’, the cleft nose continues to remain an obstacle to

the final aesthetics of cleft repair.

Understanding Aberrant Anatomy
and Embryology

Appreciating the processes responsible for the cleft lip

nasal deformity is crucial to the surgeon who desires to

repair the condition. Although it is understood that every

cleft is unique, any individual cleft nasal deformity occurs

along a specific spectrum of potential deformities [1]. The

anatomical and pathological subtleties of the unilateral

cleft nose were first described as a separate entity (without

being bunched with the often cited lip deformity) by Blair

and Brown [2]. Huffman and Lierle [3] are credited with

the earliest detailed description of the same. Understanding

the embryological basis of the clinical appearance is

paramount to the surgical correction of the cleft lip and

nose. A combination of both internal (mesenchymal

migration) and external (mechanical forces) stressors is

attributed to deformational abnormalities such as this. A

cleft lip, to put things simply, forms from an improper

fusion of the medial and lateral nasal prominences with the

maxillary process. It has been shown that the medial nasal

process remains central and fails to meet the maxillary
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process in cleft patients. As embryogenesis proceeds, the

unhampered forces, produced by the developing aberrant

orbicularis musculature (which do not form a sphincter as

the normal lip musculature does), further accentuate the

deformed features of the cleft nose by their abnormal

attachments to the maxilla, alar base and midline [4].

Previously, authors have attempted to simplify this

complex interplay of mechanisms and deformities respon-

sible for the cleft nose. They include the Origami models

of Boo-Chai and Tange [5] which infers that the cleft nose

is more ‘distortion and displacement’ rather than a defi-

ciency, and the Tilted Tripod described by Hogan [6] to

explain the septal deviation in the unilateral cleft lip. More

recently, Fischer and Mann [7] have described a model

elaborating the mechanisms responsible for the cleft lip

nasal deformities, mild through severe, unilateral and

bilateral. Their aim is a better understanding of the defor-

mity through analysis of the model.

‘Classic’ features of the unilateral cleft nose have been

described by several authors [1, 8–11] (Table 1). These

features tend to exaggerate as the child grows. This wors-

ening of asymmetry and deviation of the nose generally

ceases around the end of puberty [12]. There has been

significant debate regarding the apparent paucity of tissues.

For now though, there seems to be some consensus on the

matter. This has been made possible by separating the

deformity into three separate parts—cutaneous/mucosal,

chondrous and osseous components. Authors have con-

jectured, about the cutaneous or mucosal aspect of the

deformity; studies thus far do not prove either way if the

tissues are deficient in some manner or in excess. However,

it is believed that, whatever it may be, the skin/mucosal

elements of the unilateral cleft nose do not interfere with

construction of a nostril of similar size and shape to the

other side [13]. Meanwhile, the debate regarding whether

the cartilaginous elements are hypoplastic compared to the

non-cleft side seems to be settled, at least theoretically.

Dissection studies of stillborn children with clefts by

Atherton [14], McComb [15] and more recently by Li et al.

[16] concur that the lower lateral cartilage (LLC) is of

normal length, width and thickness. Deformed they may

be, deficient they are not. As demonstrated by Kim et al.

[17], the medial crural footplate is merely displaced

downwards, therefore drawing the genu medially and

tethering the lateral crura taut laterally. The upper lateral

cartilage may also be pulled inferomedially by the deviant

antero-caudal septum [17] (Fig. 1). The third aspect of the

cleft nose merits no discord. On the cleft side, a defect in

the osseous maxilla is apparent. Fisher et al. [18] have

analysed these parameters three-dimensionally via com-

puted tomography in 3-month-old infants with complete

unilateral cleft lip and palate and have shown a gross

anterior and lateral movement of the premaxilla towards

the non-cleft side. The piriform is more posterior, the

vomer is deviated, and the anterior nasal spine turns

towards the opposite side. This is the raison d’être for the

anterior nasal spine, antero-caudal septum and the base of

the columella to tilt towards the non-cleft side.

Timing of Surgical Repair (Changing Concepts)

Based on timing, cleft lip nasal surgery can be classified

into primary, intermediate and definitive repairs. Primary

rhinoplasty is defined as any correction done at the time of

primary lip repair [19]. Intermediate rhinoplasty can be

described as procedures performed before nasal growth is

completed [20]. Broadly speaking, the so-called interme-

diate rhinoplasties fall under two specific categories, based

on the age at which they are performed. Nasal work done

between 4 and 6 years of age, often in conjunction with lip

revision, is popularly known by the term ‘preschool

rhinoplasty’. The surgical reasoning being deformity

correction to minimise any peer psychological pressure

[20]. Another school of thought believes if primary nasal

work has already been done, intermediate revisions are

better done between 8 and 12 years of age, after comple-

tion of orthodontic alignment and secondary alveolar bone

grafting; allowing a more ‘normal’, stable skeletal base for

correction of severe nasal deformities. Generally speaking,

Table 1 Features of the

unilateral cleft nose
1. Shorter columella on cleft side

2. Deviation of columella to non-cleft side

3. Flattened, elongated lateral crus of cleft side lower lateral cartilage

4. Displaced nasal tip (in frontal and horizontal planes)

5. Flattened ala, with resultant horizontal orientation of nostril

6. Asymmetric nostrils, with retro-positioned cleft side nostril (due to underlying osseous deformity)

7. Alar base is displaced laterally and/or posteriorly and sometimes inferiorly

8. Cleft side nasal floor is generally caudal and absent (depending on cleft severity)

9. Septum and anterior nasal spine shifted to non-cleft side with varying degrees of septal deviation

10. Hypertrophic inferior turbinate on the cleft side

J. Maxillofac. Oral Surg. (July–Sept 2020) 19(3):332–341 333

123



intermediate rhinoplasty is more conservative than defini-

tive rhinoplasty techniques. Definitive rhinoplasty, fre-

quently termed as secondary rhinoplasty, is performed after

completion of maxillary and nasal growth [21]. At this

point, more aggressive septoplasty, osseous reframing and

grafting manoeuvres can be performed. The corrections

may also be multi-staged or phased if the deformity is

severe; therefore, the term ‘secondary’ rhinoplasty is a

misnomer.

Prior to the 1970s, customary practice dictated the nasal

correction of the cleft deformity be performed later in life,

often delayed until growth was complete [12]. Gillies and

Millard [22] purported in 1966 that any primary nasal

correction is untenable because the deformity is so com-

plex. They believed any such early correction, even if

successful, would not avert future surgery. Cronin and

Denkler [23], and Aufricht [24] believed the teenage years

were the optimum time for correction of the unilateral cleft

deformity. Broadbent and Woolf [25] reiterated this phi-

losophy of not repairing noses in infancy claiming the

results were not stable. Earlier reports of primary repair

had fallen into disrepute because noses that looked satis-

factory on the operating table had subsequently reverted to

develop into the typical stigmata. These dogmas were

reinforced by the works of surgeons such as Gelbke [26]

who were radical in their primary repair, with extensive

incisions, excisions and dissection, but with unsatisfactory

results and significant growth disturbance.

Those against early attempts at correction of the cleft

nose had three main concerns: (1) growth retardation of the

midface and nasal complex, (2) scarring inflicted by the

extensive dissection which would hamper future surgeries

and (3) delicate cartilages and minimal soft tissue not being

amenable to manipulation [23]. Despite the existing con-

trarian beliefs of the time, a handful of surgeons from

across the globe began their work on primary rhinoplasty

[11, 27–29]. As they started to publish their long-term

results, fears of effects of early surgery on growth started to

wane. McComb and Coghlan [30], Salyer et al. [28] and

Anderl et al. [27] have been credited with popularising the

concept of concomitant primary lip and nose repair in

unilateral clefts. They have all published fairly stable,

agreeable, long-term results without any apparent adverse

effect of the growth of the midface [27, 28, 30, 31].

It would be prudent at this point to discuss the carti-

laginous septum in the unilateral cleft deformity and the

conundrum it presents in terms of timing of repair. Two

schools of thought still exist in this regard: one, who

believe early septal correction is unwarranted and may

even adversely affect the growth of the nasal and midfacial

complex [28]. This belief was mostly instilled by a number

of experimental animal studies in the 1960s and 1970s that

emphasised the importance of the nasal septum in facial

growth. Surgical removal of all or part of the cartilaginous

septum typically resulted in a deficiency in the anteropos-

terior growth of the maxilla and premaxilla (or snout in

most cases!). Sarnat and Wexler [32] demonstrated this in

normal adult rabbit. Latham [33], in 1969, suggested that

the nasal septum was the primary factor in the osseous

deformity that is the unilateral cleft. According to him, the

septum has a downward and forward growth direction. And

in the event of a unilateral cleft, the normal resistance to

septal growth would be lacking on the cleft side due to the

abnormal tethering of the inferior septal border [33].

Therefore, this would infer that repositioning the septum at

the earliest would be ideal for optimum growth, thus laying

basis for the beliefs of the second group, who prefer to

correct the septum early. It is also proposed that correction

of the deviated septum early is important because it pro-

vides stability and exact positioning of the lifted alar crura

Fig. 1 The unilateral cleft nasal deformity, features apparent in frontal (a) and basal views (b) (as described in previous table)
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of the cleft side and nasal tip [34]. Proponents of early

septal correction cite myriad advantages of early septal

repair; they include: better anteroposterior and vertical

growth, improved nasal symmetry, improved function and

therefore avoidance of altered facial growth due to the

mouth-breathing malady, better tip projection and a more

simplified definitive secondary procedure if performed

[1, 9, 27, 34]. Smahel et al. [35] conducted a radiographic

growth study wherein two comparable groups were studied

on the effect of primary repositioning of the nasal septum

(which was performed in one group). The group with early

manipulation of the septum showed more favourable nasal

prominence and had better vertical growth with the

anteroposterior parameters in both groups being equivocal.

Therefore, current literature seems to favour repositioning

of the cartilaginous septum at primary repair, with some

evidence that this does not suffer from any long-term

consequences.

Is There a Role for Nasoalveolar Moulding?

Prior to the advent of nasoalveolar moulding (NAM), none

of the existing methods of presurgical orthopaedics

attempted to address the nasal deformity. Nasoalveolar

moulding, as the term implies, places considerable

emphasis on the nasal component of the deformity. Among

its primary objectives are: correction of nasal asymmetry,

presurgical elongation of columella, correction of nasal

cartilage deformity, increasing the surface area of the nasal

mucosal lining and uprighting the columella [36]. Pio-

neered by Grayson et al. [37], and based on work by

Matsuo et al. [38], the initial techniques have been exten-

sively refined [39, 40]. Early opposition to the intervention

was based on several dogmas. From being a growth hin-

drance to being a complete waste of time and resources,

several arguments have been made: some warranted, some

not. The disagreement concerning the long-term stability of

the results achieved notwithstanding, existing evidence

[41–43] suggests overall improvement in nasal aesthetics

over the non-NAM population, with some element of

relapse, especially in the early years. To counter this, a few

have advocated overcorrection at the time of primary repair

[44, 45]. In their comparison study assessing 5-year follow-

up results, Chang et al. [44] concluded that an overcor-

rection of 20 per cent was necessary to maintain the nostril

height. Lonic et al. [45] arrived at a similar verdict, though

their results were judged at 1-year follow-up. They sur-

mised that primary nasal overcorrection including muscle

to columella base suture, alar cinch suture and the Tajima

method resulted in quantitatively more symmetric alae and

nostril height when compared to non-overcorrected

patients. The corollary to these studies would be to infer

that about 10–20% relapse can be expected even after

NAM and primary nasal cartilage work. Therefore, the

deformity can only be mitigated not entirely abolished.

After the emergence and tentative acceptance of NAM,

there was a period when primary rhinoplasty was not

performed (in those that were treated with NAM) because

at the end of primary cheiloplasty, the nose often looked

satisfactory even without surgical intervention. For a while,

some surgeons believed the NAM-treated nose without

further surgical manipulation will suffice, till definitive

rhinoplasty is warranted in adulthood. However, most

quickly went back to primary nasal repair as results showed

NAM by itself was insufficient to maintain nostril sym-

metry over time [41, 44] (Fig. 2).

Regardless of the use of NAM, the goals of primary

unilateral cleft rhinoplasty remain fairly consistent among

different centres [9, 28, 44, 46]. (1) Releasing, undermining

and repositioning the lower lateral cartilage (LLC) to

provide better contour, symmetry and projection of the

nasal tip, (2) centralising the antero-caudal septum, (3)

elevating the medial crus of the LLC, and (4) medialising

and securing the alar base. Lengthening the hemi-col-

umella with a C-flap [9] and correcting vestibular webbing

[46] are also often added to this list. The approach to

achieving these goals varies significantly (Fig. 3).

Goals, Approaches and Techniques of Repair

Primary cleft rhinoplasties can broadly be classified into

open, semi-open and closed types. Though less extensive

than the definitive adult rhinoplasty, the so-called open-tip

cleft rhinoplasties involve significant dissection and tissue

manipulation and are therefore not very popular [47, 48].

There is also minimal evidence of its superiority over other

less invasive techniques, especially when combined with

NAM. Closed primary rhinoplasties are termed as those

who do not have separate nasal incisions for cartilage

manipulation [9, 15, 28]. The lower nasal structures are

accessed via the medial and lateral lip incisions and the

dissection is blind and by ‘feel’ only. Subsequent to dis-

section, the cartilage is repositioned with different methods

of ‘suspension suturing’, to the extent where this might be

called a suspension rhinoplasty (Figs. 4, 5).

Semi-open primary rhinoplasty involves minimal inci-

sions on the nose with cartilage work and suspension

suturing, the premise being better access to the LLC and

therefore a more thorough dissection of aberrant tethering

of cartilage and better control of the sutures techniques

used [44, 49] (Figs. 6, 7).

With the primary rhinoplasty, invariably there will be

some residual deformities [1]. Either uncorrected, poorly

corrected, or perhaps excellently corrected at primary
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repair but relapsed to some degree, these deformities may

cause some distress to the parent or to the child herself.

There are also those children that present in early child-

hood with an untouched cleft nasal deformity [46]. These

can be re-evaluated and repaired at the time of the

‘intermediate rhinoplasty’. This is a term given to nasal

procedures that are performed after the primary lip repair

but prior to completion of facial growth [1, 46]. The

objectives of this surgery are not expansive; it is largely

agreed that it should focus on improvements of the lower

Fig. 2 Correction of nasal asymmetry, presurgical elongation of

columella, correction of nasal cartilage deformity, increasing the

surface area of the nasal mucosal lining and uprighting the columella.

As nasoalveolar moulding progresses (pictures ‘a’ through ‘e’); the

desired changes are apparent

Fig. 3 Results of NAM without primary rhinoplasty. At one week of age prior to NAM (a, d). At 4 months of age, after NAM and just prior to

primary surgery (b, e). Postoperative views at the age of 5 years (c, f)
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third of the nose [46], i.e. repositioning of the antero-in-

ferior cartilaginous septum, evaluation and repositioning of

the LLC, adjusting the alar base and elimination of any

lateral vestibular webbing that occurs. The goal is to

achieve the said objectives with as conservative an

approach as possible, the idea being to set the stage for a

simpler, successful definitive rhinoplasty after cessation of

growth (Fig. 8).

Definitive rhinoplasty or adult cleft rhinoplasty aims to

correct the residual deformity (or the primary deformity

itself, in untreated cases). Factors contributing to the sec-

ondary unilateral cleft nasal deformity can be described as

a sum of the following: residual deformities if any,

deformities brought forth by previous surgeries (i.e. iatro-

genic), combined with growth-related changes that may

occur. [1, 46].

The agenda, beginning from infancy, should be

achieving a nose at skeletal maturity, primed for definitive

rhinoplasty, with the following attributes [1]:

(1) Untouched upper 2/3rds.

(2) A well-balanced skeletal base; this includes a

maxilla that has its cleft alveolus treated. Any

orthognathic maxillary procedure should ideally

precede definitive cleft rhinoplasty.

(3) Cleft side ala with minimal to moderate slumping (if

at all).

Fig. 4 Primary open

rhinoplasty—direct

visualisation of the LLCs, via a

trans-columellar incision

incorporated into the

cheiloplasty incision. Incision

markings (a), after exposure (b)

Fig. 5 Closed primary rhinoplasty involves ‘blind’ dissection of the

LLCs through the medial and lateral cheiloplasty incisions

Fig. 6 Our approach to semi-open primary rhinoplasty involves a

reverse-U (Tajima) incision on the cleft side and a marginal incision

on the non-cleft side. Incision marking on cleft side (a), Tajima

incision (b), dissection over the cartilage plane and release of

fibrofatty tissue (c), approximation of LLCs with inter-domal stitches

using 4-0 polydioxanone suture (d), excision of skin over the cleft

side ala and closure of nasal incisions (e)
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(4) Minimal to no cartilaginous injury from prior

procedures.

(5) Negligible or inconspicuous external scarring.

Such a cleft nose would be the ideal, where nasoalveolar

moulding and primary rhinoplasty have achieved all their

objectives. But in the real world, this often is not the case.

And a significant number of adult cleft noses have not had

any previous surgeries and therefore the deformity may be

significant.

Unlike aesthetic nasal procedures, cleft rhinoplasty is

rarely accomplished with an endonasal approach

[1, 19, 46]. The open approach is often chosen, for it offers

better visualisation and access. Irrespective of the plan of

care adopted, patient evaluation prior to definitive repair

should be comprehensive, including functional and

Fig. 7 After NAM and prior to

primary surgery (a, c), one year

after cheiloplasty and semi-open

rhinoplasty (b, d)

Fig. 8 ‘Preschool rhinoplasty’ primarily focuses on improving the

lower third of the nasal structure, and mitigation of the deformity,

setting the stage for secondary or definitive rhinoplasty. Preoperative

(a) and postoperative (b) basal views. (Picture courtesy—The Charles

Pinto Centre for Cleft Lip and Palate, Thrissur, Kerala)
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aesthetic concerns and expectations of the patient. It is

paramount to elicit a detailed history with regard to pre-

vious nasal/facial surgeries to best prepare for possible

findings intraoperatively, and the effect they may have on

the final outcome. Various combinations of trans-col-

umellar incisions coupled with rim, marginal or infra-car-

tilaginous incisions are used to gain access. Typically,

adult unilateral cleft nose reconstruction includes manip-

ulation of the bony pyramid and septal work, with place-

ment of cartilage grafts for support and reinforcement

being a major component of the operation [19, 46]. It may

involve:

(1) Procedure to improve function—inferior turbinate

reduction, septal resection/repositioning.

(2) Bony vault correction—possible nasal bone osteo-

tomies and infractures.

(3) Lower third manipulation—centralisation of carti-

laginous septum, chondromucosal V–Y advancement,

vestibular web corrections, alar base and nostril

repositioning.

Cartilage grafts harvested from the septum, auricle or rib

are necessary to reshape, reconstruct, reinforce and hold

the structural framework in position with minimal relapse.

They may include some or all of the following [50, 51]:

(1) Dorsal (spreader/augmentation) grafts to straighten

or increase height of the dorsum and/or improve

internal valve cross section (and consequently the

airway).

(2) Columellar strut grafts to reinforce the medial and

middle crura. These are essential to provide extra

support to the alar cartilage and support the nasal tip

against scar-tissue forces in the postoperative period.

(3) Caudal septal extension grafts for septal structural

support.

(4) Invisible (non-projecting) tip grafts to support the

nasal tip and visible ones/cap grafts to add projection

and give shape to the tip. They may be shaped and

smoothed cartilages from the septum, ear or rib.

They are often heart or shield shaped and are

stabilised by suturing to the adjacent alar cartilages.

(5) Crural grafts to shape the lateral crura and support

the vestibule. They are inserted under the lateral crus

to straighten the ala and correct its slump, thus

opening the airway.

(6) Batten grafts to correct the pinched nasal tip.

(7) Premaxillary grafts can move the base of the nose

forward and make the lip–nose angle less acute

(Fig. 9).

In terms of long-term complications of unilateral cleft

rhinoplasties, the most common will invariably be residual

asymmetry. A bulbous, downturned tip is another. Septal

deviation can also recur, or it may be residual septal

deviation caused by the magnitude of the initial deformity

[12]. Wound dehiscence, skin necrosis, exposure and

migration of grafts are rare after meticulous repair. Subtle

nostril size differences and a residual deformity apparent in

the basal or worm’s eye view are a potential outcome that

the patient should be made aware of.

Conclusion

Understanding the underlying mechanisms of this complex

malformation is essential, so is acceding to the reality that

despite our best efforts, there can be no ‘one-size-fits-all’

surgical panacea to this intricate problem. Primary inter-

vention may mitigate the condition and lend the child a

Fig. 9 Adult unilateral cleft nose reconstruction includes manipula-

tion of the bony pyramid and septal work with placement of cartilage

grafts for support and reinforcement. Preoperative views prior to

maxillary advancement and definitive rhinoplasty (a, c, e), and post-

Le Fort 1 advancement and definitive rhinoplasty (b, d, f).
(Picture courtesy—Mr N.A. Nasser)
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modicum of facial normalcy during childhood. But it

would be prudent to be mindful that one might have to

revisit the problem in the future. Intermediate rhinoplasty

may not always be indicated and when it is, it should be

performed to improve symmetry and function in a manner

that does not further aggravate the deformity or inflict

undue scarring. Definitive rhinoplasty should be the final

step in the process, bearing in mind that nasal cartilages

have notoriously potent memory, with a tendency to revert

to its original state. Therefore, thorough dissection, use of

robust grafts and meticulous planning of the skin drape is

most critical.
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