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Background Nasoalveolar molding (NAM) has been extensively used as a presurgical 
technique in the treatment of unilateral cleft lip and palate (UCLP) over the last two 
decades. It has proven to be a useful tool to reduce the cleft size, improve nasal sym-
metry, and increase the columellar length. The long-term stability of these findings 
has not been conclusively proven.
Methods In this longitudinal study, the nasal symmetry of 24 NAM treated UCLP 
patients was evaluated to assess the 5-year stability of NAM. The basal photographs 
were shot postcheiloplasty (T1), at 1-year follow-up (T2), at 3-year follow-up (T3), and 
5-year follow-up (T4) appointments.
Results In this study, we found that NAM was a useful adjuvant in achieving nasal symme-
try in patients with UCLP in the immediate postoperative period. However, as the patients 
aged, there was a gradual loss of mean nasal height (by 22.83%) and columella length  
(by 24.89%), a mean gain in nasal width (by 40.25%) and alar base width (by 40.69%), and 
an increase in the columella deviation (by 3.46%) from the T1 to the T4 follow-up.
Conclusion Although there is no conclusive evidence, the loss of symmetry may be 
due to the unequal growth on the cleft and noncleft sides. These patients will be fol-
lowed-up till end of growth for a definite conclusion on the long-term effect of NAM.
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Introduction
The unilateral cleft nasal deformity is a common technical 
challenge faced by surgeons around the world. Although 
multiple techniques1-5 have been used with varying success 
rates to improve symmetry, absolute long-term symmetry 
still remains an elusive goal. The presurgical nasoalveolar 
molding (NAM) technique proposed by Grayson6 has been 
gaining popularity over the last two decades due to its util-
ity in reducing the severity of the of clefts in early infancy.7 
Although multiple short-term studies,8-12 have shown an 
increase in the columella length, molding of the deformed 
nasal cartilages, and obtaining arch approximation, the 

retention of the results obtained have not been conclusively 
established.1 We have conducted this longitudinal study to 
ascertain the 5-year stability of the nasal symmetry achieved 
by NAM in unilateral cleft lip and palate (UCLP) patients.

Methodology
This research was conducted in accordance with the 
Helsinki Declaration. In this retrospective study, consecutive  
NAM-treated UCLP patients from 2012–2013, whose serial 
photographs were available, were studied. Patients with 
incomplete clefts and other craniofacial anomalies were 
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excluded from this study. All infants who had arrived at the 
center before 6 weeks of age were treated with Eric Liou’s 
technique of NAM13 for an average of 4 months. The patients 
were called every 2 weeks to make adjustments to the device. 
Six weeks was used as a cutoff, since the pliability of the nasal 
cartilage reduces as the child ages (►Figs.  1  and 2).14 The 
patients were treated with modified Millard’s cheiloplasty 
at an average age of 6 months of age without primary rhi-
noplasty or gingivoperiosteoplasty. One-stage palatoplasty 
was carried out along with Bardach’s technique, with reposi-
tioning of the soft palate musculature (Sommerlad).15 All the 
surgeries were performed by the same two surgeons. A total 
of 24 patients were included in this study. Standardized 2D 
full-face frontal view and worm’s eye photographs were shot 
by the same experienced cleft worker postcheiloplasty (T1), 

at 1-year follow-up (T2), at 3-year follow-up (T3), and 5-year 
follow-up (T4) appointments (►Fig. 3–6). No rhinoplasty had 
been conducted on any of the patients during the follow-up 
period.

A ratio of 1:1 basal photographs were used for various 
measurements, as mentioned in literature.12,16,17 A horizontal 
reference line was constructed by connecting the most inward 
points at the outer lateral borders of the cleft and noncleft 
nostrils.17 Four linear measurements (nostril height, nostril 
width, alar base width, and columella height) and one angu-
lar measurement (columella deviation angle) were measured 
directly on the photographs (►Fig. 7–11). To minimize errors 
in this technique, the linear measurements were evaluated as 
ratios. All measurements were done by a single independent 
surgeon who had not treated any of the patients in this study.

Fig. 1 NAM–basal photograph pre-NAM. Abbreviation: NAM, naso-
alveolar molding.

Fig. 2 NAM–basal photograph post-NAM. Abbreviation: NAM, naso-
alveolar molding.

Fig. 3 NAM–basal photograph postcheiloplasty (T1 follow-up). 
Abbreviation: NAM, nasoalveolar molding.

Fig. 4 NAM–basal photograph at 1-year follow-up (T2 follow-up). 
Abbreviation: NAM, nasoalveolar molding.
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Data collected from the study group was analyzed with 
SPSS version 18 and repeated measures of ANOVA were used 
to compare the nasal symmetry at each of the intervals to 
the baseline values. The level of significance was set at  
p < 0.05.

Results
In this retrospective study, the basal photographs of 24 con-
secutive NAM-treated UCLP patients were studied longitu-
dinally to evaluate the stability of NAM. The nostril height 
ratio, nostril width ratio, hemicolumella height ratio, alar 
base width ratio, and columella deviation angle were mea-
sured in each of the follow-up photographs.

In the immediate postcheiloplasty period (T1), the nasal 
height ratio, the nasal width ratio, hemicolumella height and 

alar base width ratio were almost perfectly symmetrical, and 
the mean columella deviation angle was 89.97°(►Table 1). In 
comparison to the baseline values obtained postoperatively 
(T1), the loss of symmetry was significant across all param-
eters at all the time durations (T2, T3, and T4) (►Table  3). 
The mean columella deviation angle was lost by 1.58°at the 
end of T2 follow-up (p-0.009*), 2.81% at the T3 follow-up 
(p-0.002*) and 3.46% at T4 follow-up (p < 0.001*). The nostril 
height on the cleft side was lost by 15.03% at the T2 follow-up  
(p < 0.001*), 18.90% at T3 follow-up (p < 0.001*), and 22.83% 
at the T4 follow-up (p < 0.001*). The nostril width on the 
cleft side increased by 37.1% at the T2 follow-up (p < 0.001*), 
40.42% at the T3 follow-up (p < 0.001*), and 40.25% at the 
T4 follow-up (p < 0.001*). The hemicolumella length on the 
cleft side was lost by 13.48% at the T2 follow-up (p < 0.001*), 
19.36% at the T3 follow-up (p < 0.001*), and 24.89% at the T4 

Fig. 5 NAM–basal photograph at 3-year follow-up (T3 follow-up). 
Abbreviation: NAM, nasoalveolar molding.

Fig. 6 NAM–basal photograph at 5-year follow-up (T4 follow-up). 
Abbreviation: NAM, nasoalveolar molding.

Fig. 7 Columella deviation angle measurement.

Fig. 8 Nasal height measurement (red–cleft side, black–noncleft 
side).
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follow-up (p < 0.001*). The alar base width on the cleft side 
increased by 18.89% at the T2 follow-up (p < 0.001*), 26.14% 
at the T3 follow-up (p < 0.001*), and 40.69% at the T4 fol-
low-up (p < 0.001*).

Discussion
Grayson’s technique of NAM gained popularity as it provided 
the prospect of reducing the anatomic difficulty and improv-
ing the nasal symmetry in early infancy. Although short-term 
studies have shown positive clinical effects,8-12 the technique 
is relatively new, and fewer studies have documented the sta-
bility of the technique in long-term studies. In this retrospec-
tive study, we evaluated the stability of the nasal symmetry 
obtained by NAM at sequential intervals on 2D photographs. 
Although 2D photographs are dependent on patient position, 
and may be distorted by parallax effect, they are easy to obtain, 
inexpensive and noninvasive. Standardized photographic 
technique and ratios were obtained to minimize errors.

In this study, we found a gradual loss of the mean nasal 
height, mean gain in nasal width and alar base width, and 
an increase in the columella deviation from the T1 to the T4 
follow-up. Our T2 results were similar to the 1-year results 
reported by Pai et al,16 the 9-month results reported by Tang 
et al,1 and the 1-year results reported by Liou et al.17 Although 
the methodology of these studies differed, a loss of symmetry 
was recorded irrespective of whether only NAM was used–as 
in our study, a combination NAM and rhinoplasty,17 NAM and 
postoperative nasal stents,17 or NAM with rhinoplasty and 
postoperative nasal stents was used.1Fig. 9 Nasal width measurement (red–cleft side, black–noncleft side).

Fig. 10 Columella length measurement (red–cleft side, black–non-
cleft side).

Fig. 11 Alar base width measurement (red–cleft side, black– 
noncleft side).

Table 1  Angle and ratios of the various parameters measured

Parameter Postcheiloplasty 1-year follow-up 3-year follow-up 5-year follow-up

Columella deviation angle 89.75° 88.31° 87.21° 86.60°

Nasal height ratio 1.01 0.84 0.80 0.76

Nasal width ratio 1.04 1.38 1.41 1.41

Columella length ratio 1.07 0.92 0.85 0.79

Alar base width ratio 0.97 1.13 1.21 1.34
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Although the study by Liou et al17 reported a statistically 
significant loss of symmetry at the 1st year follow-up, with 
a 10% loss of the nostril height, a 20% gain of the nostril 
width and a 4.7°deviation of the columella angle, in contrast 
to our study, they found a subsequent stability of the nasal 
symmetry at the 2nd and 3rd year follow-up appointments. 
This result may be due to the fact that unlike our patients, 
the NAM treated patients in Liou’s study17 had received pri-
mary rhinoplasty, which may have maintained the results for 
a longer duration.

The 5-year follow up study reported by Chang et al2  
consisted of 76 UCLP patients divided into four groups based 
on the treatment provided. The first group treated with 
closed rhinoplasty and postoperative nasal stents. The sec-
ond group treated with NAM and postoperative nasal stents. 
The third group with NAM, closed rhinoplasty and postop-
erative nasal stents. The fourth group with NAM, semiopen 
rhinoplasty with Tajima’s incision, a 20% surgical overcorrec-
tion, and postoperative nasal stents. Our results were similar 
to their second group which had received NAM and postop-
erative nasal stents. The nostril height was 0.76 in both the 
current study and in their study, and nostril width ratio was  
1.41 in the current study and 1.36 in their study. Interestingly, 
although the second group showed a statistically significant 
improvement in comparison to the first group, there was no 
statistically significant difference between the second and 
third groups. Finally, their study concluded that the best 
symmetry was observed in the patients who had received 
NAM, semiopen rhinoplasty with 20% overcorrection and 
postoperative stents.

Although the methodology used, population studied, 
and surgeon factors differed in all the previous studies, 
there seems to be an indication that the differential growth 
between the cleft and noncleft sides, rather than the initial 
technique, is responsible for the loss of symmetry.17 Although 
primary rhinoplasty appears to stabilize the results in the 
early follow-up duration,17 the continuing growth may prob-
ably override the initial symmetry gained. The 20% overcor-
rection suggested by Chang et el2 probably equals the lag on 
the cleft side due to which the results were symmetrical in 
their study.

Limitations
This study was retrospective and done on 2D photographs. 
Although the conventional photography offers the benefit 
of low-cost and quick data collection, it is limited by patient 
head position and the parallax effect. The photographs were 

also studied in the basal view which is generally not viewed 
in social circumstances. The method of measurement has 
not been validated. The study also stops at 5 years of age and 
includes only 24 patients.

Conclusion
In this study, we found that NAM was a useful adjuvant in 
achieving nasal symmetry in patients with UCLP in the 
immediate postoperative period. However, as the patients 
aged, there was a gradual loss of symmetry. Although there 
is no conclusive evidence, the loss of symmetry may be due 
to the unequal growth on the cleft and noncleft sides. These 
patients will be followed-up till end of growth for a definite 
conclusion on the long-term effect of NAM.
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