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Comparative evaluation of nasal and alveolar changes in complete
unilateral cleft lip and palate patients using intraoral and extraoral
nasoalveolar molding techniques: randomized controlled trial
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Abstract (J Korean Assoc Oral Maxillofac Surg 2021;47:257-268)

Objectives: Cleft lip and palate is a common congenital anomaly that impairs the aesthetics, speech, hearing, and psychological and social life of an
individual. To achieve good aesthetic outcomes, presurgical nasoalveolar molding (NAM) has become important. Currently, the intraoral NAM tech-
nique is widely practiced. Numerous modifications have been made to intraoral NAM techniques, but the original problem of compliance leading to
discontinuation of treatment remains unsolved. Therefore, the present study compared an extraoral NAM technique with the intraoral NAM technique.
Materials and Methods: Twenty infants with complete unilateral cleft lip and palate were included and divided into two equal groups. Group A re-
ceived the intraoral NAM technique, and Group B received the extraoral NAM technique. Pre- and postoperative extraoral and intraoral measurements
were recorded.

Results: Groups A and B did not differ significantly in any extraoral or intraoral parameter.

Conclusion: The extraoral NAM technique is as effective as the intraoral NAM technique in achieving significant nasal and alveolar changes in com-
plete unilateral cleft lip and palate patients. Additionally, it reduces the need for frequent hospital visits for activation and the stress associated with the
insertion and removal of the intraoral NAM plate, thereby improving compliance.

https://doi. org/10.5125/jkaoms. 2021.47.4.257 (M)

Check for
updates

>

Key words: Cleft lip and palate, Nasal and alveolar changes, Extraoral NAM technique, Nasal stent, Compliance

I. Introduction

Cleft lip and palate (CLP) is one of the most common
congenital deformities of the orofacial region'. It has a world-
wide prevalence of 1.5 per 1,000 live births® and a reported
prevalence of 1.10 per 1,000 in India’. CLP has a heteroge-
neous etiology with both environmental and genetic factors
playing important roles®.

CLP can be present as an isolated anomaly or as part of a
syndrome or comorbid condition. Unilateral clefts are nine

times more prevalent than bilateral clefts, and males are pre-

Priyanka Bhaje

Department of Pediatric and Preventive Dentistry, Government Dental
College & Hospital, Nagpur 440003, India

TEL: +91-07122743400

E-mail: privanka22bhaje@gmail.com

ORCID: https://orcid.org/0000-0003-1464-5478

@ This is an open-access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Copyright © 2021 The Korean Association of Oral and Maxillofacial Surgeons.

[paper submitted 2020. 12. 26 / accepted 2021. 3. 4]

dominantly affected, with a ratio of 2:1 (male:female)’. The
usual clinical features of unilateral CLP are disruption in the
anatomy of the nose, lip, palate, and alveolar arch. There is
discontinuity of peri-oral tissues, and the affected side of the
nose presents with increased width of the nostril and a de-
pressed alar rim. The columella and nasal tip deviate to the
normal/unaffected side. The maxillary alveolar segments are
also displaced to the lateral side’.

These patients also suffer from various medical problems
such as difficulty with feeding, swallowing, nasal regurgita-
tion, hearing problems (due to palatal muscle abnormalities),
and speech difficulties (because of nasal escape and articula-
tion problems)’. Cleft defects thus have an adverse influence
on health as well as the social integration of affected indi-
viduals. Despite early surgical intervention, residual defor-
mity can remain through scarring and abnormal development
of the face, which can result in functional and psychosocial
problems”.

The traditional treatment for CLP involved multiple surgi-

cal procedures, including secondary revision surgeries and
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alveolar bone grafting. Despite those multiple interventions,
poor aesthetics remained a major concern. Any form of
non-surgical treatment that can reduce the severity of this
deformity in early life is thus highly desirable. The advent
of the presurgical nasoalveolar molding (NAM) procedure
has meant that the traditional secondary surgeries could be
avoided while producing better results’.

The NAM procedure involves the use of intraoral plates,
also called infant orthopedics, to mold cleft segments into
the desired position. In 1999, Grayson et al." proposed com-
bining the correction of cleft segment and nasal deformities
into a single presurgical procedure. Grayson et al."’ proposed
incorporating a nasal stent into the NAM appliance after the
cleft width had been reduced to <6 mm, whereas Figueroa
and Polley" and Liou et al.” incorporated the nasal stent
from the beginning of the procedure because the alar rim has
maximum laxity at that stage.

According to the theory of Matsuo et al.”, it is advisable
to start NAM as early as possible to achieve the best pos-
sible outcome because the high maternal level of estrogen in
infants in their first 6 weeks increases the hyaluronan content
of cartilage, which increases the moldability of the nasal car-
tilage.

Although the NAM technique has numerous benefits, it has
poor compliance for the following reasons'*".

» Weekly or bi-weekly activation of these appliances re-
quires frequent hospital visits, which places a financial
burden on parents.

* Parents/caretakers feel anxious about the daily insertion
and removal of the intraoral plate, which affects their
compliance.

* Parents/caretakers often worry about complications of
NAM, such as facial rashes caused by taping and oral ul-

ceration from the intraoral plate.

e Other drawbacks include frequent appliance adjustments,
lost or broken prostheses, and irritation of the soft and
hard tissues that leads to gagging and choking.

To address those drawbacks of the intraoral NAM tech-

nique, we here compare an extraoral NAM technique with
the older intraoral NAM technique.

Il. Materials and Methods

This study was conducted from December 2017 to October
2019 in Government Dental College and Hospital, Nagpur,
Mabharashtra, Central India. After obtaining informed consent
from parents, this randomized controlled trial was conducted
on 20 infants with complete unilateral CLP (Veau’s type 3).
The infants were divided into two equal groups of 10. Group
A received NAM using the intraoral technique, and Group
B received NAM using the extraoral technique. All included
infants were younger than 7 days, non-syndromic, free of
any systemic illness, and moderate to well-nourished (birth
weight >2,500 g).

In Group A, an impression of the CLP was taken using im-
pression compound in a specialized acrylic impression tray.
Caution was taken to avoid any airway obstruction. After the
impression, the oral and nasal cavity was inspected for any
residual impression material and trauma. A palatal/feeding
plate was fabricated using a self-cure acrylic resin. The NAM
technique used in this study is a modification of the original
Liou NAM technique. It secures two 26-gauge stainless steel
orthodontic wires that are placed bilaterally in the anterior
portion of the palatal plate to the headcap of the infant to hold
the intraoral plate in place. The nasal stent was fabricated us-
ing 24-gauge soft stainless-steel orthodontic wire in the shape
of a lobe, and a bulb of self-cure acrylic resin (DPI-RR cold
cure Acrylic repair material; Bombay Burmah Trading, Neh-
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Fig. 1. Photograph of intraoral (A) and extraoral (B) nasoalveolar molding (NAM) appliances.
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ru Nagar, India) was placed over it to enable easy adjustment.
(Fig. 1. A) The bulb of the nasal stent was placed inside the
cleft nostril to lift the dome of the alar cartilage. After stabi-
lizing the palatal plate and nasal stent, Tegaderm was applied
to the skin, and the lips were approximated with 3M Steri-
strip adhesive tape (3M Health Care, St. Paul, MN, USA).
Parents or caregivers were instructed to keep the plate in the
mouth at all times, removing it only for cleaning. Subsequent
follow-up visits were planned every 2 weeks to activate the
appliance by adding 1 mm of soft acrylic resin to the lateral
aspects of the larger segment and the acrylic bulb of the nasal
stent to mold the alveolar and nasal cartilage, respectively.

In Group B, a similar procedure was followed to make an
impression of the CLP. In this group, the NAM appliance had
two parts. The first part was a feeding plate used only during
feeding. The second part was an extraoral NAM appliance
composed of a nasal stent made of 24 gauge soft stainless
steel orthodontic wire and 3M Steri-strips as adhesive. The
wire component was rectangular and approximately 25 mm
longx5 mm high.(Fig. 1. B) One end of the wire was shaped
into a bilobed form resembling a kidney called the nasal stent.
It was embedded in acrylic resin (DPI-RR cold cure) and
lined with soft acrylic resin to make it easier for the newborn
to endure. Before the insertion of the extraoral NAM appli-
ance, Tegaderm was applied as a protective skin barrier. The
lip segments were first approximated (put into place) with
3M Steri-strips. Afterward, the wire component was placed
onto the taped prolabium of the upper lip and stabilized with
another 3M Steri-strip. The upper lobe of the stent was posi-
tioned inside the nose, and the lower lobe was placed outside
the nostril to mold the alar rim on the cleft side. Infants were
brought to the hospital every 30 days to activate the appliance
by adding 1 mm of soft acrylic resin to the upper lobe of the
nasal stent to gently lift the alar dome cartilage.

In both groups, parents were instructed and trained to insert
and remove the NAM appliance. NAM therapy was contin-
ued for 3 months in both groups, and parameters were evalu-
ated preoperatively and postoperatively. The reference points
(La, 1a’, Np, np’, Prn, Sn, Mac, mac, T1, T2, S, L, soft tissue
cleft width) and linear measurements used to assess pre- and
postoperative nasal and alveolar changes are described in
Table 1.

Digital vernier calipers were used to take extraoral anthro-
pometric measurements (mm): the soft tissue cleft width,
total alar base width, columella length, nostril width on the
non-cleft side, nostril width on the cleft side, nostril height on
the non-cleft side, and nostril height on the cleft side'®.(Fig. 2)

Comparison of intraoral and extraoral NAM technique

Table 1. Description of the reference points and linear measure-
ments for cleft lip and palate

Description

Reference point

La
la’

Np
np’
Prn

Sn

Mac

mac’
Tl

T2
S
L

Soft tissue cleft
width

Linear measurements

Total alar base
width (la-1a”)

Columella length
(sn-prn)

Nostril height on
cleft side (la"-np”)

Nostril width on
cleft side
(la"-mac”)

Nostril height on
non-cleft side

(la-np)

Nostril width on
non-cleft side
(la-mac)

Anterior alveolar

cleft width (S-L)
Larger segment

length (L-T2)

Smaller segment
length (S-T1)

Most lateral aspect of the alar cartilage
on the non-cleft side

Most lateral aspect of the alar cartilage
on the cleft side

Highest point of the nostril from the la
point

Highest point of the nostril from the la”
point

Pronasale — highest point of the

columella
Subnasale — point of intersection

between the columella and the

philtrum
Medial alar cartilage on the non-cleft
side
Medial alar cartilage on the cleft side
Most posterior point on the smaller

segment
Most posterior point on the larger

segment
Midpoint of the anterior aspect of the

smaller alveolar ridge
Midpoint of the anterior aspect of the

larger alveolar ridge
Distance between the most anterior

aspects of the cleft segments

Distance between the most lateral aspect
of the right alar cartilage and the most

lateral aspect of left alar cartilage
Distance between the intersection of the

columella and the philtrum and the
highest point of the columella
Distance between the highest peak (np”)
of the nostril and most lateral aspect of
the alar cartilage on the cleft side (la")
Distance from the mac” point to the
most lateral aspect (la”) of the alar

cartilage on the cleft side
Distance between the highest peak (np)

of the nostril and the most lateral
aspect of the alar cartilage on the non-

cleft side (la)
Distance from the mac point to the most

lateral aspect (la) of the alar cartilage

on the non-cleft side
Distance between the most anterior

aspects of the alveolar ridges
Distance between the most prominent

point from the anterior aspect (point L)
to the most prominent point from the
posterior aspect of the larger segment

(point T2)
Distance between the most prominent

point from the anterior aspect (point S)
to the most prominent point from the
posterior aspect of the smaller segment
(point T1)
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Fig. 2. Photograph showing extraoral anthropometric measurements of cleft lip and palate. A. Soft tissue cleft width. B. Total alar base
width. C. Columella length. D. Nostril width on cleft and non-cleft side. E. Nostril height on cleft and on-cleft side.
Ritesh Kalaskar et al: Comparative evaluation of nasal and alveolar changes in complete unilateral clefi lip and palate patients using intraoral and extraoral nasoalveolar molding tech-

niques: randomized controlled trial. J Korean Assoc Oral Maxillofac Surg 2021

Fig. 3. Photograph showing intraoral
measurements on cleft lip and palate
cast. A. Anterior alveolar cleft width. B.
Length of larger and smaller segment.
Ritesh Kalaskar et al: Comparative evaluation of
nasal and alveolar changes in complete unilateral
cleft lip and palate patients using intraoral and extra-
oral nasoalveolar molding techniques: randomized
controlled trial. J Korean Assoc Oral Maxillofac Surg
2021

Similarly, intraoral measurements (mm) were recorded on
the CLP cast: the anterior alveolar cleft width, length of the
larger segment, and length of the smaller segment'”.(Fig. 3)

Statistical analyses were done using the Shapiro—Wilk test.
Intergroup comparisons were made using the ¢-test. Intra-
group comparisons were done using paired t-test. Frequency
comparisons of variables within groups were made using the
chi-square test. The analysis was performed using IBM SPSS
Statistics for Windows (ver. 22.0; IBM, Armonk, NY, USA).
Differences between groups were considered significant at
P<0.05.
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Table 2. Demographic description of the cleft lip and palate infants

Intraoral Extraoral
Variable NAM group NAM group

(Group A) (Group B)
No. of patients 10 10
Male (n) 6 7
Female (n) 4 3
Initial age (day) 4.2+1.8 3.9+1.7
Age posttreatment (day) 93 91

(NAM: nasoalveolar molding)

Values are presented as number only or mean+standard deviation.
Ritesh Kalaskar et al: Comparative evaluation of nasal and alveolar changes in complete
unilateral cleft lip and palate patients using intraoral and extraoral nasoalveolar molding
techniques: randomized controlled trial. J Korean Assoc Oral Maxillofac Surg 2021

Ill. Results

Among the 20 infants in groups A and B, 65% were male,
and 60% had CLP on the left side. The mean age of the in-
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Fig. 4. Photograph showing pre-
and postoperative nasal and alveolar
changes in Group A. A. Preoperative
photograph. B. Preoperative cleft lip
and palate (CLP) cast. C. Postopera-
tive photograph. D. Postoperative CLP
cast. E. Appliance in place.

Ritesh Kalaskar et al: Comparative evaluation of
nasal and alveolar changes in complete unilateral
cleft lip and palate patients using intraoral and extra-
oral nasoalveolar molding techniques: randomized
controlled trial. J Korean Assoc Oral Maxillofac Surg
2021

Table 3. Distribution and intragroup comparison of all variables (preoperative and postoperative measurements) in Group A

Mean SD of 1

Parameter Mean Y difference difference e

Soft tissue cleft width (mm) Pre 9.16 3.23 -3.84 2.33 0.001%*
Post 5.32 2.82

Total alar base width (mm) Pre 27.16 4.63 -3.06 3.83 0.033*
Post 24.10 5.14

Columella length (mm) Pre 4.94 1.56 1.96 1.69 0.005%**
Post 6.90 2.06

Nostril height on cleft side (mm) Pre 6.24 2.74 1.23 0.74 0.001%%*
Post 7.47 2.99

Nostril width on cleft side (mm) Pre 17.21 2.79 -3.90 2.75 0.002%#%*
Post 13.31 2.95

Nostril height on non-cleft side (mm) Pre 5.75 2.20 1.49 0.97 0.001%%*
Post 7.24 2.21

Nostril width on non-cleft side (mm) Pre 7.50 1.71 1.84 1.37 0.002%*
Post 9.34 1.05

Anterior alveolar cleft width (mm) Pre 9.92 2.73 -3.92 2.44 0.001%*
Post 6.00 1.79

Length of larger segment (mm) Pre 25.29 2.65 4.63 3.14 0.001%**
Post 29.92 3.76

Length of smaller segment (mm) Pre 17.77 1.46 3.66 2.38 0.001%%*
Post 21.43 2.98

(SD: standard deviation)
*P<0.05, **P<0.01.
'By t-test.
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Fig. 5. Photograph showing pre and postoperative nasal and alveolar changes in Group B. A. Preoperative photograph. B. Preoperative
cleft lip and palate (CLP) cast. C. Appliance in place. D. Postoperative photograph. E. Postoperative CLP cast. F. Appliance in place.

Ritesh Kalaskar et al: Comparative evaluation of nasal and alveolar changes in complete unilateral clefi lip and palate patients using intraoral and extraoral nasoalveolar molding tech-
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fants at the time NAM therapy began was 4.2+1.8 days in
Group A and 3.9+1.7 days in Group B.(Table 2) In Group A,
significant differences in extraoral and intraoral parameters
were observed postoperatively.(Fig. 4) Among the extraoral
anthropometric parameters, soft tissue cleft width, total alar
base width, and nostril width on the cleft side decreased,
whereas nostril width on the non-cleft side, nostril height on
both sides, and the columella length increased significantly
after intraoral NAM therapy. Intraoral measurements on the
CLP cast showed a significant decrease in the anterior alveo-
lar cleft width and a significant increase in the length of both
the larger and smaller segments postoperatively.(Table 3)

In Group B, both extraoral anthropometric measurements
and intraoral measurements on the CLP cast changed sig-
nificantly after extraoral NAM therapy.(Fig. 5) Among the
extraoral parameters, soft tissue cleft width, total alar base
width, and nostril width on the cleft side all decreased after
NAM therapy, whereas nostril width on the non-cleft side,
nostril height on both sides, and columella length all in-
creased significantly. Measurements on the CLP cast showed
a significant decrease in the anterior alveolar cleft width and
an increase in the length of both the larger and smaller seg-
ments.(Table 4)

The intergroup comparison of mean differences in all the
extraoral anthropometric measurements (soft tissue cleft
width, total alar base width, nostril width on both sides, nos-
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tril height on both sides, and columella length) showed no
statistically significant differences. Similarly, the intraoral
measurements on the CLP cast showed no statistically signif-
icant differences between the groups in the anterior alveolar
cleft width or the length of the larger and smaller segments.
(Table 5)

IV. Discussion

CLP is a common congenital deformity that affects aesthet-
ics, speech, and hearing'®. Various surgical procedures have
been used to correct it, but the results were unsatisfactory to
both patients and surgeons'’. One commonly encountered
problem is finding a way to restore the correct anatomy of the
nose and lip while minimizing scar formation. With a wide
cleft deformity, surgical treatment alone can lead to the for-
mation of a thick scar at the base of the nose and columella
and a deviated nasal tip'’. Therefore, presurgical procedures
have gained importance in making it possible to achieve a
finer surgical scar, good nasal tip projection, and a precisely
molded nasolabial complex™.

Historically, various presurgical procedures have been used
for non-surgical correction of CLP. Franco developed a head
cup as an extraoral approach to reducing the cleft gap, where-
as Hoffman in the 17th century designed a head cup with a
facial extension over the cheeks and lips to press the premax-
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Table 4. Distribution and intragroup comparison of all variables (preoperative and postoperative measurements) in Group B

Mean SD of

1
Parameter Mean SD difference difference P-value
Soft tissue cleft width (mm) Pre 10.88 3.03 -4.93 2.57 0.000%*
Post 5.95 2.99
Total alar base width (mm) Pre 30.01 1.38 -2.78 1.48 0.000%*
Post 27.23 1.64
Columella length (mm) Pre 4.59 1.88 2.30 1.46 0.001%#%*
Post 6.89 1.92
Nostril height on cleft side (mm) Pre 5.78 2.71 2.11 1.61 0.002%%*
Post 7.89 2.47
Nostril width on cleft side (mm) Pre 18.56 3.68 -3.51 2.42 0.001%*
Post 15.05 3.77
Nostril height on non-cleft side (mm) Pre 6.12 1.79 3.07 1.64 0.000%*
Post 9.19 1.99
Nostril width on non-cleft side (mm) Pre 7.35 1.99 1.73 0.64 0.000%*
Post 9.08 2.07
Anterior alveolar cleft width (mm) Pre 9.86 2.25 —4.88 2.38 0.000%*
Post 4.98 2.11
Length of larger segment (mm) Pre 24.97 4.38 3.94 2.67 0.001%%*
Post 28.91 5.07
Length of smaller segment (mm) Pre 18.45 3.74 5.16 3.25 0.001%*
Post 23.61 4.36
(SD: standard deviation)
*##P<(0.01.
'By t-test.
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Table 5. Distribution and intergroup comparison of all variables (preoperative and postoperative measurements) between Group A and

Group B
Group A Group B
Preop Postop .Mean SD of Preop Postop .Mean SDof  P-value'
(Pr) (Po) EHITENES difference (Pr) (Po) CE TS difference
(Po-Pr) (Po-Pr)
Soft tissue cleft width (mm) 9.16 5.32 -3.84 2.33 10.88 5.95 -4.93 2.57 0.33
Total alar base width (mm) 27.16 24.10 -3.06 3.83 30.01 27.23 -2.78 1.48 0.83
Columella length (mm) 4.94 6.90 1.96 1.69 4.59 6.89 2.30 1.46 0.64
Nostril height on cleft side (mm) 6.24 7.47 1.23 0.74 5.78 7.89 2.11 1.61 0.13
Nostril width on cleft side (mm) 17.21 13.31 -3.90 2.76 18.56 15.05 -3.51 2.42 0.74
Nostril height on non-cleft side (mm) 5.75 7.24 1.49 0.97 6.12 9.19 3.07 1.64 0.02
Nostril width on non-cleft side (mm) 7.50 9.34 1.84 1.37 7.35 9.08 1.73 0.64 0.82
Anterior alveolar cleft width (mm) 9.92 6.00 -3.92 2.44 9.86 4.98 —4.88 2.38 0.39
Length of larger segment (mm) 25.29 29.92 4.63 3.14 24.97 28.91 3.94 2.67 0.60
Length of smaller segment (mm) 17.77 21.43 3.66 2.38 18.45 23.61 5.16 3.25 0.25

(SD: standard deviation)
'By t-test.

Ritesh Kalaskar et al: Comparative evaluation of nasal and alveolar changes in complete unilateral clefi lip and palate patients using intraoral and extraoral nasoalveolar molding tech-
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illa backward. In 1844, Hullihan described the use of a facial
adhesive strap across the cleft before surgical closure'. In the
modern era, McNeil”' developed an intraoral plate similar to
an obturator that effectively reduced the size of the alveolar
and hard palate cleft. The disadvantage of those presurgical
orthopedic appliances was that only the alveolar ridges were
molded, not the nasal deformity. In 1991, Dogliotti et al.”
described presurgical neonatal nasal remodeling with a modi-
fied intraoral plate. Later, Grayson et al."’ popularized that
method as presurgical NAM. They incorporated a nasal stent

after reducing the cleft width to 5 mm, but Figueroa et al."

and Liou et al.” incorporated the stent from the beginning of
the NAM procedure. Since then, many modifications have
been proposed by different authors. But irrespective of the
modifications proposed, the original problems with compli-
ance, which had several causes, persisted.

The intraoral NAM appliance require multiple hospital vis-
its and daily maintenance, which creates a financial burden
for families. Second, the intraoral plate sometimes leads to
soft and hard tissue irritation, causing ulceration and fungal
infections. The inconvenience of multiple lip taping steps and

the need for appropriate appliance positioning prompts many
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parents to discontinue the treatment™. Similarly, the appli-
ance has a tendency to dislodge, which can lead to airway ob-
struction”'. Therefore, it is important to formulate a different
protocol for NAM. In this study, we compared extraoral and
intraoral NAM approaches using various extraoral anthropo-
metric and intraoral CLP parameters.

Infants younger than 7 days were included in this study
because various authors have advocated for early interven-
tion as a way to achieve the best possible clinical outcomes.
Shetty et al.” reported that the first 6 weeks of life is the win-
dow during which cartilage is highly malleable and soft. Of
the 20 infants included in this study, 65.0% (13) were male,
and 35.0% (7) were female. A literature search revealed high
male predominance in CLP (male:female ratio, 60:40)”. The
male predominance in this study is thus in accordance with
the incidence reported in the literature. One possible reason
for male predominance could be the prevalence of female fe-
ticide and a lack of hospital care accessibility for female cleft
patients in India®.

In this study, most of the infants (60%) had left sided CLP,
which is also in accordance with the reported literature world-
wide. The study conducted by Shapira et al.* similarly found
that 59% of affected infants had left sided CLP. A suggested
reason for this sidedness is the lower arterial pressure of the
internal carotid artery on the left side compared with the right
side. Apart from that, animal studies have shown that the left
palatal side takes longer to rotate in the horizontal position,
leaving this side susceptible to developmental interruption”’.

In our evaluation of extraoral anthropometric measure-
ments, we found a statistically significant reduction in the
mean soft tissue cleft width, with a mean difference of 3.8
mm. A study conducted by Monasterio et al.” showed a simi-
lar result in reducing the mean soft tissue cleft width using
Grayson’s NAM technique. Total alar base width is another
important parameter that changes significantly after NAM
therapy. In this study, the mean total alar base width de-
creased from 27.1 mm preoperatively to 24.1 mm postopera-
tively, for a mean reduction of 3 mm. The literature contains
mixed results in reducing the width of the total alar base. A
study conducted by Zuhaib et al.”” reported a mean reduction
of 4.04 mm using Liou’s technique. That observation is simi-
lar to our result when using a similar NAM technique. How-
ever, the study of Koya et al."” found a significant increase in
the mean total alar base width from 27 to 30 mm, which is
contradictory to our finding. This difference could be due to
an ineffective lip taping procedure. In this study, effective lip
taping helped to reduce the total alar base width.
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Columella length is another factor that contributes to facial
aesthetics. In this study, the mean columella length increased
from 4.94 mm preoperatively to 6.9 mm postoperatively. This
observation is in accordance with the studies of Zuhaib et al.”
and Liou et al.”, whereas the study of Gomez et al.** showed
an increase in columella length of 1.7 mm. According to
Gomez et al.”, only severe cases of CLP require lip taping,
whereas in milder cases, lip taping does not have much influ-
ence on the columella length. Nostril width and nostril height
(on both the cleft and non-cleft sides) are also important pa-
rameters in assessing facial aesthetics. After NAM therapy,
the nostril width on the cleft side should decrease, the nostril
width on the non-cleft side should increase, and the nostril
height on both sides (cleft and non-cleft) should increase. In
this study, the nostril width on the cleft side decreased signifi-
cantly, and the nostril height on both sides increased. Similar
observations were reported by Liou et al.'” and Pai et al.”".
A recent study by Singh et al.”* found significant improve-
ment in nasal symmetry both vertically (nostril height and
columella length) and horizontally (nostril width and nostril
basal width) using both the Figueroa and Grayson NAM
techniques.

The success of NAM therapy correlates directly with a
reduction in the anterior alveolar cleft width. We found a
significant reduction in the anterior alveolar cleft width of
3.92 mm using intraoral NAM technique (Group A). A study
conducted by Koya et al."” reported a decrease in the mean
anterior alveolar cleft width of 6.7 mm. Furthermore, Zuhaib
et al.”’, Patel and Goyal®, and Pai et al.”' reported mean re-
ductions in the anterior alveolar cleft width of 4.07 mm after
4 months, 7 mm after 5 months, and 5.8 mm after 4 months,
respectively. The larger reductions in those studies, compared
with our results, can be attributed to the increased duration of
NAM treatment in those studies.

Another factor that contributes to the success of NAM ther-
apy is the growth of the larger and smaller segments. In this
study, the length of larger and smaller segments increased by
4.63 mm and 3.66 mm, respectively.(Table 3, Fig. 4) Similar
increases in linear measurements were noted with the use
of passive NAM therapy by Prahl et al.** and Mishima et
al.®. Sabarinath et al.”®, who treated unilateral CLP infants
with Grayson NAM therapy, also reported an increase in the
growth of the larger and smaller segments. These observa-
tions indicate that NAM therapy does not disturb the growth
of the maxillary segments. Thus, it can be said that NAM
therapy acts mainly by redirecting the alveolar segment rather
than restricting its growth. The intraoral NAM technique



showed significant changes after NAM therapy.

To correct the drawbacks of the intraoral NAM technique,
an extraoral NAM technique was designed. It is a new ap-
proach to effectively mold the nasal cartilage and alveolar
segments in unilateral CLP patients. However, our literature
review revealed very few studies analyzing the changes pro-
duced by the extraoral NAM technique.

In this study, the extraoral approach significantly reduced
the soft tissue cleft width from 10.8 mm preoperatively to 5.9
mm postoperatively, for a mean reduction of 4.9 mm. The
study of Monasterio et al.”* reported a reduction of 4.1 mm in
soft tissue cleft width when using the extraoral approach, and
similar observations were documented by Wang et al.'® and
Doruk and Kili¢”.

In CLP, the wide nostril base and separated lip segments
substantially increase the total alar base. Presurgical NAM
therapy helps to reduce that alar base width by moving the
cleft segments towards each other. We observed a mean
reduction of 2.78 mm in the total alar base width using the
extraoral approach. Wang et al.' reported a mean reduction
of 1.17 mm in total alar base width; however, that was a case
report, so those observations cannot be compared with the
current clinical trial. To generalize our observation, further
studies of the extraoral approach are needed. In this current
study, the mean columella length was increased by 2.3 mm.
The study of Monasterio et al.”* showed improvement in col-
umella deviation, which represents an increase in columella
length. A similar observation was reported by Wang et al."®
Another significant factor in achieving nasal symmetry and
facial aesthetics is nostril width and nostril height on both
the cleft and non-cleft sides. The nostril height on both sides
increased significantly (2.1 mm and 3.07 mm, respectively)
after extraoral NAM therapy in this study. A significant im-
provement in nose symmetry caused by an increase in nostril
height was also observed by Monasterio et al.” and Doruk
and Kili¢"". In CLP deformity, the flattened alar cartilage on
cleft side and deviated nasal tip toward the non-cleft side in-
crease the nostril width on the cleft side and decrease it on the
non-cleft side. Therefore, it is desirable to decrease the nostril
width on the cleft side and increase it on non-cleft side. In
this study, the nostril width decreased by 3.5 mm on the cleft
side and increased by 1.73 mm on the non-cleft side. This
observation is comparable to that reported by Monasterio et
al.”’.

One of the goals of NAM therapy is to align and arrange
the alveolar cleft segments by reducing the anterior alveolar

cleft width. We found a significant reduction in the dimen-

Comparison of intraoral and extraoral NAM technique

sions of the anterior alveolar cleft width, with a mean reduc-
tion of 4.8 mm using the extraoral NAM technique, which is
similar to the observation of Monasterio et al.”, who reported
a mean reduction of 5.3 mm. Another factor contributing to
the success of NAM therapy is the length of the larger and
smaller segments. In a unilateral CLP patient, Koya et al."’
observed that extraoral NAM therapy had no effect on maxil-
lary growth, as demonstrated by a significant increase in the
length of both the larger and smaller segments. We also found
a significant increase in the length of both segments after ex-
traoral NAM therapy: by 3 mm for the larger segment and 2.5
mm for the smaller segment. In their case report about extra-
oral NAM, Wang et al." reported an increase of 3.9 mm for
the larger segment and 4.1 mm for the smaller segment. Our
results indicate that all the extraoral anthropometric param-
eters and intraoral CLP parameters improved significantly
after extraoral NAM therapy.

The extraoral NAM technique is a promising approach
that significantly reduces the complications and compliance
issues associated with intraoral NAM. The concept of the
extraoral approach was first described in 1993 by Larson
et al.”*, who developed an extraoral device for presurgical
orthopedic procedures. It consisted of a T-shaped traction de-
vice that was supported by a rubber band and headcap. That
device applied transverse pressure along the base of the nasal
septum toward the cleft side to rotate the larger cleft seg-
ment™’. However, that appliance was bulky and its fabrication
was time consuming. In 2005, Doruk and Kili¢*” developed
an extraoral appliance that consisted of a nasal stent with a
helical spring that extended from the forehead to the chin and
was supported by a circumferential headband. An intraoral
plate was inserted separately for alveolus molding. The limi-
tation of that appliance was its complex design, which could
obstruct feeding.

In 2013, Wang et al.'® designed an extraoral appliance that
continuously applied low-grade pressure”. That appliance
consisted of two parts: Steri-strips and a wire component
that included a nasal stent. The Steri-strips applied transverse
pressure along the base of the nasal septum toward the cleft
side, which increased the length of the columella and ap-
proximate the cleft segments®. It also helped to eliminate
the laterally displacing pulling force from the unstrained
orbicularis oris, thereby helping in the rearrangement of the
cleft segments™. The wire component, along with the nasal
stent, helped to mold the nasal cartilage more precisely. The
advantage of this appliance is that it is compact, precise,

requires less clinical time for appliance adjustment than in-
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traoral appliances, and reduces the number of visits required
for activation. Therefore, in this study, we used the appliance
designed by Wang et al.'® for presurgical NAM and compared
its results with those from Liou’s intraoral NAM approach'*.

We found that the extraoral approach effectively changed
the relevant nasal and alveolar parameters in ways similar to
the changes seen with the intraoral NAM technique. In fact,
the differences between the techniques was not statistically
significant for any of the extraoral and intraoral parameters.
Thus, the extraoral NAM technique is as effective as the in-
traoral NAM technique.

Our literature search revealed insufficient data comparing
extraoral and intraoral NAM techniques. Monasterio et al.*
compared an extraoral nasal elevator with Grayson’s intraoral
NAM technique and found that the extraoral NAM technique
effectively reduced the cleft deformity and improved nasal
symmetry. They also found that both techniques were equally
effective in treating the cleft deformity, which is in accor-
dance with the findings of this study.

In this study, the intraoral and extraoral NAM techniques
did not differ significantly in treatment effectiveness. How-
ever, the extraoral NAM technique exhibited a reduction in
complications and better compliance and parental acceptance.

Because few studies have examined extraoral NAM tech-
niques, our results cannot be compared extensively. There-
fore, we suggest further research on extraoral NAM tech-
niques.

Limitations: A small sample size and short follow-up peri-
od are the primary limitations of this study. Other parameters,
such as arch width, arch length, posterior cleft width, and
columellar angle, could have been compared between the two
groups. Long-term studies on the extraoral NAM technique
are needed.

V. Conclusion

Both groups achieved significant improvement in the
extraoral and intraoral parameters measured, without any
statistically significant differences between them. Thus, the
extraoral NAM technique is as effective as the intraoral tech-
nique in achieving significant nasal and alveolar changes in
complete unilateral CLP patients. Additionally, it reduces the
number of hospital visits needed for activation and the stress
associated with inserting and removing the intraoral NAM
plate and thereby improves compliance.

Therefore, extraoral NAM techniques can be used effec-
tively for NAM.
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