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Aim: To evaluate the changes in maxillary alveolar morphology in unilateral cleft lip palate infants treated
with nasoalveolar molding(NAM). Setting and Design: Study was carried out in the orthodontic depart-
ment associated with a operating cleft unit in a rural region of central India. Ten UCLP (unilateral cleft lip
palate) infants less than 6 weeks of age were treated with NAM prior to surgical repair. Materials and Meth-
ods: Pre NAM and Post NAM study models of the UCLP infants were analyzed. Critical linear dimensions
including inter- canine width, inter-tuberosity width, arch length and midline deviation were recorded at the
different stages using a digital vernier caliper and compared. Statistical analysis were performed using
SPSS 13.00 statistical software. Results: Results from this study showed that the width of the alveolar cleft
showed a significant decrease with NAM. The arch length and width of the arch in the anterior region also
showed a reduction with NAM. The intertuberosity width showed a statistically significant increase during
treatment. The arch perimeter showed a significant increase with NAM. Conclusion: NAM was effective in

reducing the severity of the initial cleft deformity mainly at the anterior portion of the maxillary arch.
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INTRODUCTION
left lip and palate (CLP) is one of the most common
‘ congenital anomalies affecting the orofacial region.'
A multidisciplinary team approach is involved in
providing care for affected individuals with the aim of
restoring normal form and function.

McNeil and Burstone were the modern day pioneers of
infant maxillary orthopedics.” In the 1950s using this
approach they successfully approximated the cleft at the
level of alveolus and hard palate. The therapeutic possibili-
ties of this approach were however overestimated by the pio-
neers leading to opposition and an early but temporary
demise. Presurgical infant orthopedics (PSIO) is defined as
any orthopedic manipulation of the segments of the clefted
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maxilla in a newborn with complete unilateral or bilateral
CLP aiming at establishing a more normal maxillary alveo-
lar arch form or at retracting a protruding premaxilla to facil-
itate the surgical repair of the lip.” The underlying objective
of PSIO is to reduce the severity of the cleft deformity at all
areas thereby making surgical correction easier and results
of repair better.

Several different approaches to PSIO have been put for-
ward after McNeil and Burstone and the different appliances
have been previously reviewed.* Presurgical Nasoalveolar
Molding (NAM) is a type of infant orthopedic procedure
that targets an often neglected area of the deformity, that of
the nose.> NAM has emerged as an adjunctive procedure to
aid the surgeon in achieving excellent results. In addition to
the nose, NAM also helps mold the alveolar segments. The
objective at the alveolar level for NAM is to align the dis-
placed alveolar segments and approximate them.

Primary bone grafting of the maxillary alveolar cleft
deformity is advocated by only few centers and the opposi-
tion to it is mainly due to restriction of midfacial growth in
the future.* NAM followed by gingivoperiosteoplasty (GPP)
has been put forward as an alternative and cost effective
approach to the management of the alveolar cleft deformity.’

Most of the studies to evaluate the changes that result
from NAM have concentrated on the nasal component of the
deformity. These include 2D and 3D assessments of
improvements in nasal morphology with NAM.**!* Studies
on predental models of cleft infants have investigated the
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effects of different appliances and treatment protocols on
alveolar morphology."'>"** However, relatively few studies
have investigated the effects of NAM on the maxillary alve-
olar morphology.”'* This study was carried out to evaluate
the changes induced in the maxillary alveolar morphology
with NAM.

Subjects and Methods

Ten infants (seven males and three females) with non-
syndromic CUCLP, who attended the Cleft Lip and Palate
and Clinic were included in the study. Parents of all infants
consented to the treatment. Subjects older than 6 weeks of
age were not included in the study. All the infants underwent
a course of NAM prior to surgery. Primary cheiloplasty and
semi open rhinoplasty were carried out in all the subjects
and in one case GPP post NAM.

NAM procedure

The parents of the infants are advised on the potential
benefits and possible complications of NAM and the need
for parental cooperation in successful outcome is stressed in
the initial visit. This is followed by an intraoral maxillary
impression of the infants with elastomeric putty impression
material (Provil Novo®, Heraeus Kulzer,USA) following
the procedure previously outlined by the authors.” Two sets
of models are obtained one of which is used for the study
and the other for appliance fabrication. The intraoral plate is
fabricated using autopolymerising resin along with an

Figure 1. Infant wearing NAM appliance with retentive button.

acrylic retentive button (Figure 1). Alveolar molding is
undertaken by sequential addition of soft acrylic and
removal of hard resin from selected areas of the plate. As the
alveolar cleft reduces to 5 mm a nasal stent is added to the
plate (Figure 2B). The nasal stent provides extra reciprocal
force for alveolar molding.

Study models were obtained initially at the beginning of
treatment (T1) and at the day of surgery (T2). Figure 3A-C
show the study models of progressive changes in maxillary
alveolar morphology with NAM. Study models obtained at

Figure 2. A.Lip taping to approximate the lip segments, B: Improvement in nasal morphology with nasal stent addition.

Figure 3. A,B,C. Progressive changes in alveolar morphology with NAM.
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Figure 4. Reference points used in the study.

TI and T2 were evaluated in the study. Table 1 shows the ref-
erence points (Figure 4) and linear measurements (Figure 5)
of the critical dimensions including inter- canine width,
inter-tuberosity width, arch length and midline deviation
that were evaluated on the study models. Measurements
were recorded using a digital vernier caliper. The reference
points were drawn from two previous studies*'® and
marked on the models using a 0.3 mm lead pencil by one
author. All landmarks were erased after the measurements
were noted. The landmarks and measurements were repeated
by the same author after a one month interval. Duplicate
measurements were conducted to establish intraexaminer
reliability. Using t tests, no statistically significant differ-
ences were noted between the repeated measures in any of
parameters at the different time periods.

The changes in the linear measurements for the infants at
T1 and T2 were analyzed. All statistical analysis were per-
formed using SPSS 13.00 statistical software. Data were

Figure 5. Linear measurements used in the study: 1) Alveolar cleft
width; 2) Anterior arch width; 3) Posterior arch width; 4) Arch length;
5) Midline deviation

summarized as means =+ standard deviation. Changes in the
linear distances from T1 to T2 were calculated by using per-
centage changeover. Significant values were tested at 5%
and 1 % level of significance.

RESULTS
The initial visit (T1) was at mean age of 16 days and the end
of treatment with NAM at (T2) was at a mean age of 178
days. The mean duration of treatment with NAM for the
infants was 162 days.
Evaluation of change in various parameters (Table 2)
Width of the alveolar cleft (A1-A2) - The mean cleft
width was 9.72 mm at T1 and 2.96 mm at T2.The width of
the alveolar cleft showed a progressive and significant
decrease from time period TI to T2 (p<0.01).The percentage
decrease in the alveolar cleft during this time period was
69.55%.

Table 1. Description of reference points, lines and linear variables used in the study

REFERENCE POINTS DESCRIPTION

Al Midpoint of the margin of the alveolar process medial to the cleft

A2 Midpoint of the margin of the alveolar process lateral to the cleft

C1 Point of intersection between the alveolar ridge and groove of the lateral labial frenum on the greater segment
C2 Point of intersection between the alveolar ridge and groove of the lateral labial frenum on the lesser segment
Tb1 Junction of the alveolar ridge with the outline of the tuberosity on the greater segment

Tb2 Junction of the alveolar ridge with the outline of the tuberosity on the lesser segment

lc Point of intersection between the alveolar ridge and groove of the median labial frenum

M Midpoint of Tb1 Tb2 line

AP max Most anterior point of the greater segment from Tb1 Tb2 line

LINEAR VARIABLES DESCRIPTION

A1 A2 Alveolar cleft width

c1C2 Anterior arch width

Tb1Tb2 Posterior arch width

Arch length (AL) Distance from the APmax to the M point

Midline Deviation(ML)

Perpendicular distance from Ic point to line from M point to AP max

Arch Perimeter (AP)

Sum of distances Tb1-C1 + C1-lc + Ic-A1 + A2-C2 + C2-Tb2
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Table 2. Mean Standard Deviation and percentage change in the various parameters

Parameter Mean Values = 5.0 % change P value
T T2
A1 A2 9.72+3.23 2.96+2.61 -69.55 0.0013**
C1C2 24.7412.79 24.31+3.32 -1.73 0.9445
Tb1Tb2 30.93+ 1.1 31.51+ 1.08 1.87 0.0001**
All 8.58+1.68 9.60+2.02 11.89 0.4272
IC1 8.21+2.14 8.58+1.68 4.51 1.6431
C1Tb1 17.63+2.51 18.19+2.51 3.18 0.3213
A2C2 9.71+1.57 10.30+1.22 6.08 0.1293
C2Tb2 14.99+1.79 16.38+1.72 9.27 0.1143
AL 29.65+3.54 26.52+3.14 -10.56 0.5239
AP 59.12+3.69 63.05+3.80 6.65 0.0124*
ML 8.64+2.76 5.18+2.48 -40.05 0.0136"

**significant at P <0.01
* Significant at P <0.05
P value was calculated using the linear trend method

Width of the arch in the anterior region (C1-C2) - The
width of the arch in the anterior region also showed a slight
reduction from 24.74mm at T1 to 24.31 mm at T2. The
reduction observed was however only 1.73% during this
period.

Width of the arch in the posterior region (Tb1-Tb2) -
There was an increase seen in the mean intertuberosity width
from 30.93 mm to 31.51 mm, a increase of only 1.87%,
which was statistically insignificant.

Arch Perimeter - The arch perimeter was calculated as the
sum of the linear dimensions All, IC1, C1Tbl, A2C2 and
C2Tb2.The arch perimeter showed a significant increase (P
<0.05) of 6.65 % from 59.12 mm at T1 to 63.05 mm at T2.

Arch length - The arch length which was measured from
the midpoint of the intertuberosity distance to the most ante-
rior on the greater segment showed a mean reduction from
29.65 at T1 to 26.52 at T2.

Midline deviation - As treatment progressed there was a
reduction in the severity of the midline deviation from T1 to
T2 as seen from the data. The initial measurement at T1 was
8.64 mm and at T2 was 5.18 mm.

DISCUSSION
When a post surgical esthetic evaluation of the nasolabial
region in UCLP individuals at age 9 years was undertaken,
the nasal form gave the poorest esthetic rating." With NAM
assisted surgery however many centers have reported on the
improved nasolabial esthetics in the short and long term
without detrimental effects on midfacial growth.* ">
Relatively few studies have reported on the changes at
the level of the alveolus from NAM. This study was done to
shed more light on this area. One of the questions we wished
to answer was, how the alveolar segments approximate as a
result of NAM. It was seen that there was a progressive and
significant reduction in the dimensions of the alveolar cleft.

At the same time there was an improvement in the midline
position of the maxillary arch as well. This is substantiated
by a reduction in the perpendicular distance from the inci-
sive papilla point to the perpendicular line constructed from
the intertuberosity midline. Additionally the arch length also
showed a progressive decrease with treatment. These factors
could lead us to deduce that the reduction was primarily due
to an inward and medial bending of the greater segment.
Another contributing factor is possibly growth occurring at
the margins of the lesser and greater segments towards each
other due to the constrictive effect of the NAM plate. In the
present study this is expressed as increases in the linear dis-
tances A1l and A2C2. Similar increases were noted in the
linear dimensions at the margins of the cleft with the use of
passive presurgical appliances in papers by Mishima et a/*'
and the Dutch national study by Prahl et al. *

Significant reductions in cleft width were also reported
by the Dutch national study and Kozelj* with the use of pas-
sive preoperative appliances. The Dutch national study how-
ever reported that the effects on maxillary arch dimensions
were temporary and did not last beyond soft palate closure.

The balance between the compressive forces of the facial
muscle ring and expansile forces of the tongue musculature
determines the final alignment of the dental arches. The
restraining force from an intact outer lip musculature is
absent in CLP infants. In NAM lip taping mimics the action
of a continuous orbicularis oris muscle ring and thereby
eliminate the laterally displacing pull forces that results from
unrestrained musculature. Also the false palate formed by
the acrylic plate prevents the push forces that result from the
activity of the tongue in the cleft. The interplay between
these forces and directed growth are possibly responsible for
reducing the cleft width.

Transverse arch changes were assessed in the anterior
(C1-C2) and posterior regions (Tb1-Tb2). With regard to the
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anterior arch width, a non significant reduction in this
dimension was seen. A Korean paper too reported a similar
but significant reduction in the anterior arch width with
NAM." A British study” similarly reported anterior arch
width reduction of approximately Imm in the first 3 months
of active preoperative orthopedic treatment with a spring
based preoperative appliance. The Dutch study reported that
the anterior arch width decreased in both the infant group
treated with the passive plate and the control group when
studied upto 78 weeks. The posterior arch width in this study
showed minimal change during the period from Tlto T2.
Since no modifications were undertaken in the posterior
areas of the arch, the minor increase observed can be attrib-
uted to growth. Huddart” and Ball e al” too have reported
minor increases of approximately similar amounts.

For a successful GPP to be executed without affecting
maxillary growth, and increase the likelihood of possible
bone formation, the gap between the cleft alveolar segments
should ideally be less than 2mm.* In the sample it was pos-
sible to reduce the cleft width to 2mm or less in 50% of the
cases. Though the intraoral objective of NAM is to approxi-
mate the alveolar cleft, caution has to be exercised in aggres-
sive attempts to approximate the cleft width at the expense
of inter arch relationship. Clefts vary in severity and in addi-
tion to displacement and deviation there may also be a defi-
ciency of alveolar tissue. In such instances there may be a
tendency for reverse overjet or edge to edge relation of the
arches to occur during molding which should be avoided.”
GPP was possible in only one case at the center as the surgi-
cal team experienced technical difficulties in operating in a
narrow space.

It was observed that the mean age of surgery for infants
was 178 days after birth. This is higher than reported by
most other centers. However we wish to clarify that this is
not due to the additional time required to achieve preopera-
tive objectives with NAM. This was mainly because most
infants do attain adequate weight and nourishment fit for
surgery later than infants from other developed parts of the
world.*

All parents of the infants included in this study were in
agreement on the feeding benefits provided by the plate
which acted as an artificial palate. In fact, most of the infants
experienced difficulty in feeding without the plate. However
most parents in the study had to bottle feed the infants as the
retentive button and nasal stent were potential impediments
to breast feeding.

This study was restricted to assessing only the dimen-
sions of width and length and not the changes in the depth of
the palatal shelves. Another shortcoming of this study is the
small sample size. The population under investigation is
CUCLP infants. The rural center where the unit is situated
caters to a large number of underprivileged people and many
of them report late for surgery for a variety of reasons rang-
ing from socioeconomic, lack of awareness to poor referral
systems. Outcome of NAM is time bound and older individ-
uals do not respond favorably leading to exclusion from
NAM of many subjects seen at the center. Additionally

The Journal of Clinical Pediatric Dentistry

evaluation and comparison of individuals after surgery
treated with and without NAM is regrettably not possible at
the center as the surgical and orthodontic teams are con-
vinced on the potential benefits of NAM. Longer follow up
of the study sample up to palatoplasty and beyond is neces-
sary to add to our existing knowledge.

CONCLUSIONS

The present study was done on CUCLP infant models to
evaluate changes in maxillary alveolar morphology with
NAM. Results from the study showed that NAM was effec-
tive in reducing the alveolar cleft width. In five out of the ten
cases the alveolar cleft dimension was reduced to less than 2
mm. The intertuberosity width was mildly increased as a
result of growth. A reduction in the arch length was seen as
the displaced greater segment was brought to a more ideal
anatomic position. The anterior arch width however showed
a slight reduction. NAM was effective in reducing the sever-
ity of the initial cleft deformity mainly at the anterior portion
of the maxillary arch.
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