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——Abstract

Effect of Presurgical Nasoalveolar Molding in Unilateral Cleft Lip and Palate Infants
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Cleft lip and palate, the most common craniofacial anomalies, are severe congenital defects that have an
incidence of 0.28 to 3.74 per 1000 live births. Although there has been great improvement in the field of cleft
surgery, surgical approach cannot be the single solution to resolve the various problems encountered in patients
with cleft lip and palate. The concept of presurgical infant orthopedics (PSIO) for gradual closure of the cleft gap
and simplified surgical performance was first introduced by McNeil in 1950. Recently, there are many attempts
not only to approximate the alveolar segments but also to reshape the nasal cartilage.

Three infants with unilateral cleft lip and palate were referred from the department of Plastic Surgery for
presurgical nasoalveolar molding (PNAM). Maxillary appliances using resin with orthodontic wire were fabricated.
Then these appliance was applied until patients underwent lip surgery. In all cases, the patients could wear the
appliance all day since they were able to eat even with the appliance on, This resulted in significant
improvements in the nasal symmetry were found. Our appliance, namely K-NAM, extends the wearing time
within the limited period and as a result it is expected to maximize the treatment effects. Used properly, this

appliance would play a major role in enhancing nasal symmetry with satisfactory results.
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[ . Introduction

Cleft lip and palate (CLP), one of the most common
facial deformities, are severe congenital anomalies with a
global incidence of 0.28 to 3.74 per 1000 live births.
Many of these congenital anomalies are genetically de-
termined, although in most cases, the cause is unknown
or under teratogenic influences”.

CLP can generally be divided into unilateral and bilat-
eral types. In bilateral CLP, protrusion of the premaxilla
and deficient columella have been the main obstacles in
achieving satisfactory treatment results. Patients with

unilateral CLP are characterized by nasal asymmetry
due to a shortened columella on the cleft side that de-
flects the nose to the unaffected side. The alar base is
displaced laterally, inferiorly, and posteriorly, resulting
in flat, elongated ala having an S-shaped curve on the
cleft side. Furthermore, the tip of the nostril becomes
asymmetric and displaced downward on the cleft side*”.

Despite many protocols for treating CLP patients, sur-
gical repair alone cannot resolve the multiple problems
confronting CLP. The management of CLP patients
should be approached as a multidisciplinary team to
achieve the optimal result. The basic treatment objective
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is to restore normal anatomy including the nasal compo-
nents as well. Hence, presurgical molding is required.

5.6)

According to Matuo and Hirose’”, a high level of
hyaluronic acid, a component of proteoglycan construct—
ing cartilage, accounts for the high plasticity of neonatal
cartilage. Since maternal estrogen induces a high level of
hyaluronic acid, plasticity of nasal cartilage is fair imme-
diately after birth, and after about 6 weeks, the acid
level is gradually reduced resulting in the decreased car-
tilage plasticity. Therefore the molding of nasal cartilage
and surrounding soft tissues is most effective within 3 to
4 months after birth.

Modern presurgical infant orthopedics (PSIO) was
started by McNeil” in 1950, and has been used for more
than 60 years. By using a series of resin plates, he was
able to mold the alveolar segments into the desired posi-
tion. In 1975, Georgiade and Latham® presented a pin-
retained active appliance which retract the premaxilla
and expand the posterior alveolar segments at the same
time. Later in 1987, Hotz” invented an appliance with a
passive orthopedic plate for delayed alignment of the
cleft segments. In addition, PSIO technique has the
merits of normal positioning of the tongue and enabling
feeding. But these techniques intend to mold the alveo-
lar segments only and are not concerned with deformity
of the nasal part. Thus a novel idea and technique for
nasoalveolar molding is in demand.

Matsuo” was the first researcher who described
presurgical molding of the nasal cartilage in cleft
neonates. Grayson et al.' described the first presurgical
nasoalveolar molding (PNAM) appliance, a new ap-
proach to the traditional method of PSIO for patients
with unilateral and bilateral clefts.

These procedures were achieved with acrylic resin
plates and nasal stents to mold the alveolar process and
nasal cartilage into normal form and position.

The goal of our appliance, namely K-NAM (K-
Nasoalveolar Molding), is to facilitate the fitting and
maximize the benefits of PNAM which improves nasal
symmetry by elongating the columella and reshaping the
nasal cartilage. This report aims to introduce K-NAM
appliance and to discuss the result of K-NAM treatment.

I. Case Report
Three infants were referred from the department of

Plastic Surgery, Kyungpook National University
Hospital with their dental stone models. The patients,
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Fig. 1. K-NAM appliance.

aged between 10 to 37 days, were diagnosed with uni-
lateral cleft lip and palate without any signs and symp-
toms of other syndromes.

Before fabricating the K-NAM appliance on the dental
stone model, all undercuts were blocked out with wax.
The plate was made with self-curing acrylic resin and
orthodontic wire. The nasal arm and retention arm are
made with wire for easier manipulation and smaller size
of the appliance, thereby allowing the patient to close
her lips with the appliance on. Tissue conditioner (COE-
COMFORT, GC America) was added on the tissue side
of the appliance to prevent irritation of the soft tissue
and as well as to increase retention(Fig. 1).

The appliance was delivered and maintained for about
a week, for patient’s adaptation. Afterward, tissue con-
ditioner was added on the nasal wire area once every
week for nasal molding and this process was done 5 to 8
times in total before the patient underwent a lip
surgery.

The infant's nose was photographed from a basal view
at the first visit, just before the lip surgery after nasal
molding, and after the lip surgery. We consulted the
study of Pai BC et al.'’ to measure the effects of the ap-
pliance. The reference line was defined as the line con-
necting both alar bases.

The measurements included (Fig. 2):

Height of nostril : The highest point of the nostril per-
pendicular to the reference line in each nostril.

Width of nostril : The distance from the point farthest
right to the point farthest left of the nostril on each side.

Angle of columella from cleft side: A line bisecting the
columella was drawn from the tip of the nose to the ref-
erence line, and the angle was measured from the affect-
ed nostril.



Fig. 2. Definitions of the measurements.

In order to minimize photographic errors, the mea-
surements of height and width were calculated as a ratio
of affected side to non-affected side. The nostrils, there-
fore, were considered more symmetric as the ratio ap-
proached a value of 1.
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1. Case |

The first case is on a 37-day-old girl diagnosed as uni-
lateral cleft on the left side. The appliance was delivered
on the next day and nasal molding was conducted five
times with an interval of one week. The lip surgery was
done when she was 87 days old(Fig. 3).

The height ratio increased from 0.56 to 0.80 and the
width ratio decreased from 1.87 to 1.57. The columella
angle increased from 68 degrees to 77 degrees(Table 1).

2. Case Il

The second case is on a 10-day-old girl, diagnosed as
unilateral cleft on the right side. The appliance was de-
livered 10 days later, and nasal molding was done 5
times every week. The lip surgery was done when she
was 90 days old(Fig. 4).

Fig. 3. The photographs of the first visit (a) and after the lip surgery (b) of case L.

Table 1. Changes in the measurements: Case |

First visit After nasal molding After cheiloplasty
Height ratio 0.56 0.80 0.75
Width ratio 1.87 1.57 0.76
Columella angle 68 77 86°

Fig. 4. The photographs of the first visit (a) and after the lip surgery (b) of case II.
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Table 2. Changes in the measurements: Case II

First visit After nasal molding After cheiloplasty
Height ratio 0.64 0.84 0.94
Width ratio 1.37 1.22 0.93
Columella angle 75° 79° 86

The height ratio increased from 0.64 to 0.84, whereas
the width ratio decreased from 1.37 to 1.22. The angle
increased from 75 degrees to 79 degrees(Table 2).

3. Case lll

A girl visited our department for the first time when
she was 19 days old. She was diagnosed as unilateral
cleft lip and palate on the left side. The appliance was
delivered 2 days later, and nasal molding was done 8
times every week. The lip surgery was done when she
was 94 days old(Fig. 5).

The height ratio increased from 0.35 to 0.72, whereas
the width ratio decreased from 1.95 to 1.21. The col-
umella angle increased from 46 degrees to 68
degrees(Table 3).

Il . Discussion

CLP are the most common maxillofacial deformities
that cause many esthetic problems as well as functional
disorders. Especially in unilateral CLP, the patient has
a remarkably asymmetric nose resulting from the short-

Fig

Table 3. Changes in the measurements: Case I11

. 5. The photographs of the first visit (a) and after the lip surgery (b) of case III.

ened columella on the affected side. Many attempts have
been made to resolve this problem and as a result of ad-
vanced surgical techniques combined with novel proce-
dures such as nasoalveolar molding, the treatment result
is ever since satisfactory.

Since McNeil first introduced the concept of modern
presurgical infant orthopedics (PSIO) in 1950, there has
been great advancement in presurgical infant orthopedic
appliances. Furthermore, the study of Matuo and Hirose
on the plasticity of cartilage in infants, resulting from
the high level of hyaluronic acid, made presurgical na-
soalveolar molding feasible. Afterward, several studies
on the long-term effect of presurgical nasoalveolar mold-
ing confirmed its effect to enhance nasal symmetry'*™.

The newborns in these cases were referred from the
department of Plastic Surgery, Kyungpook National
University Hospital for nasal molding. Nasal molding
was conducted using K-NAM appliance composed of
acrylic resin plate and orthodontic wire.

The height and width of nostrils and the angle of col-
umella were measured and compared at the first visit,
before the lip surgery after nasal molding, and after the
lip surgery. In all cases, the noses of the newborns with

First visit After nasal molding After cheiloplasty
Height ratio 0.35 0.72 0.75
Width ratio 1.95 1.21 0.94
Angle 46° 68° 92°




Fig. 6. Prototype K-NAM appliance.

unilateral CLLP displayed obvious asymmetry in terms of
width, height and columella angle at the first visit. Both
after nasal molding and after the lip surgery the height
and width of the nostrils demonstrated improved sym-
metry. The columella was deviated to the unaffected side
at the initial visit, but became more upright after the lip
surgery.

From the result of these cases, it is suggested that the
K-NAM appliance may have effect on enhancing nasal
symmetry in terms of height and width ratio of nostrils
as well as columella angle.

Since nasal molding is feasible only for the limited pe-
riod of 3-4 months after birth, it is critical to wear the
appliance as long as possible during the confined time in
order to achieve the optimal result.

As shown in Figure 6, the prototype K-NAM appliance
had elastic bands directly attached to the resin retention
arms extended from the plate. The patient was unable
to close her lips and had trouble in feeding. To overcome
this problem, the resin retention arms were replaced
with orthodontic wire to enable the patients to suck by
completely closing their lips. As a result, they could
freely use a nursing bottle and wear the appliance all
day. And, the nasal and alveolar molding effect was en-
hanced through the sucking action(Fig. 7).

Additionally, the manipulation of the appliance be-
came easier by simply bending the wire and retention
was also increased.

To obtain satisfactory results, the parents and
patient's cooperation is essential. With proper training
and clinical experience, K-NAM appliance may have
tremendous benefits for both the cleft patient and the
surgeon.
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Fig. 7. Bottle-feeding with advanced K-NAM appliance on.

V. Summary

Since cleft lip and palate(CLP) are one of the most
common craniofacial anomalies, many methods to treat
CLP have been developed. However, surgical repair
alone cannot resolve the nasal deformity and asymme-
try. There have been many attempts for esthetic im-
provement including advanced techniques such as
presurgical nasoalveolar molding(PNAM).

Three infants diagnosed with unilateral cleft lip and
palate were referred from the department of Plastic
Surgery to the department of Pediatric Dentistry,
Kyungpook National University Hospital. The K-NAM
appliances were installed and nasal molding was con-
ducted 5 to 8 times before undergoing the lip surgery.
The measurements of the height and width of nostrils
and columella angle were compared at the pre-treat-
ment, after nasal molding and after the lip surgery and
improvement in the nasal symmetry was found in all
three patients. The K-NAM appliance extends the wear-
ing time within the limited period and is expected to
maximize the treatment effects. When combined with
parents cooperation and a skilled practioner, the K-
NAM appliance would play a major role in enhancing
nasal symmetry.
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