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Photographic assessment of nasal morphology 
following rapid maxillary expansion in children
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Objective: The aim of the present study was to use facial analysis to determine the 
effects of rapid maxillary expansion (RME) on nasal morphology in children in the 

stages of primary and mixed dentition, with posterior cross-bite. Material and Methods: 
Facial photographs (front view and profile) of 60 patients in the pre-expansion period, 
immediate post-expansion period and one year following rapid maxillary expansion with a 
Haas appliance were evaluated on 2 occasions by 3 experienced orthodontists independently, 
with a 2-week interval between evaluations. The examiners were instructed to assess nasal 
morphology and had no knowledge regarding the content of the study. Intraexaminer and 
interexaminer agreement (assessed using the Kappa statistic) was acceptable. Results: 
From the analysis of the mode of the examiners’ findings, no alterations in nasal morphology 
occurred regarding the following aspects: dorsum of nose, alar base, nasal width of middle 
third and nasal base. Alterations were only detected in the nasolabial angle in 1.64% of 
the patients between the pre-expansion and immediate post-expansion photographs. In 
4.92% of the patients between the immediate post-expansion period and 1 year following 
expansion; and in 6.56% of the patients between the pre-expansion period and one year 
following expansion. Conclusion: RME performed on children in stages of primary and mixed 
dentition did not have any impact on nasal morphology, as assessed using facial analysis.
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INTRODUCTION AND LITERATURE 
REVIEW

Maxillary atresia can be corrected with orthopedic 
expansion in a procedure known as rapid maxillary 
expansion (Figure 1)12. During this procedure, the 
halves of the maxilla are pushed apart in a pendulous 
manner in both the horizontal and frontal directions. 
Studies involving anteroposterior radiography have 
revealed important skeletal alterations attributed 
to the orthopedic expansion of the maxilla, such as 

enlargement of the width of the nose, maxilla and 
zygomatic process18,22,24. Hence, rapid maxillary 
expansion (RME) causes a variable increase in the 
width of the nasal cavity and volume, especially in 
the lower and anterior region3,6,8,12,13,16,18,20,24.

The distancing of the lateral walls of the nasal 
cavity improves the permeability of the nasal airway, 
as has been mentioned in subjective reports19. A 
number of authors have used rhinomanometry 
to objectively demonstrate that orthopedic 
expansion causes a significant reduction in nasal 
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Figure 1- Rapid maxillary expansion procedure with Haas appliance; (A) Frontal oral photograph in pre-expansion phase; 
(B) Occlusal view with Hass appliance installed in the pre-expansion phase; (C) Occlusal view, immediate post-expansion; 
(D) Occlusal view, one year following expansion; (E) Frontal oral photograph in the post-expansion phase

A B C
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resistance10,13,25-27. Studies employing acoustic 
rhinometry corroborate the increase in volume 
of the nasal cavity following RME, with significant 
variations in nasal resistance with and without 
surgical assistance (LeFort I) in adult patients1,5,7,9,19.

Subjective and objective data suggest the 
possibility of structural and functional changes 
in the nasal cavity following RME. The structural 
change could contraindicate RME in children in the 
primary dentition stage due to the risk of producing 
undesirable clinical changes to the nose. The 
controversy increases with an interesting, isolated 
case report of a possible fracture of nasal bones 
caused by maxillary disjunction21. However, when 
a fracture of nasal bones occurs in children, it does 
not lead to medium- or long-term functional and 
morphological problems. The only implication is a 
temporarily altered nasal morphology and increased 
sensitivity to touch. The assessment of the behavior 
of the intercanthal distance (measured on a frontal 
facial photograph)4 has revealed an insignificant 
increase in adults with surgically assisted expansion 
as well as in pre-adolescents submitted to orthopedic 
expansion, thereby confirming the relative stability 
of the base of the skull during maxillary expansion.

The only article to assess facial alterations induced 
in the soft tissue by orthopedic expansion of the 
maxilla used measurements taken on standardized 
frontal photographs4. The most important result was 
the increase in nose width (measured at the height 
of the alas) of around 2 mm, which remained stable 
for at least 12 months after removing the expansion 
appliance. There are no other data in the literature 
addressing the influence of RME on the mid face 

using clinical facial analysis.
The aim of the present study was to use facial 

analysis of standardized frontal and profile facial 
photographs to determine the immediate and short-
term effects of RME on nasal morphology in children 
in the stages of primary and mixed dentition, with 
posterior cross-bite.

MATERIAL AND METHODS

The sample was composed of 60 children (17 
boys and 43 girls) with mean age of 8 years 7 
months (maximum patient age: 12 years 10 months 
and minimum patient age: 6 years 1 month), 
selected from the files of the Service of Interceptive 
Orthodontics of the Hospital for Rehabilitation of 
Craniofacial Anomalies of the University of São 
Paulo, Bauru, SP, Brazil. All patients were either in 
the primary or mixed dentition stage, with posterior 
cross-bites, and were subjected to rapid maxillary 
expansion RME using a Haas appliance (Figure 1). 
The RME protocol involved one complete turn of the 
expander screw per day until obtaining adequate 
maxillary morphology. The parameter to expansion 
amount was the morphology of inferior dental arch. 
The screw was activated until the correction of 
posterior cross-bite with 2-3 mm of over-correction.

To be included in the study, the patients needed 
to have good-quality digital photographs of the 
face, with the head in the natural position (bi-pupil 
line parallel to the ground). Six photographs of 
each child were selected – three frontal (Figure 
2) and three in profile (Figure 3). The three 
photographs corresponded to the pre-expansion 
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Figure 2- Frontal facial photograph of five patients in the pre-expansion period, immediate post-expansion period and 1 
year following expansion (from left to right, respectively; parents signed informed consent authorizing the publication of 
these pictures)
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Figure 3- Facial photograph of five patients in profile in the pre-expansion period, immediate post-expansion period and 
1 year following expansion (from left to right, respectively; parents signed informed consent authorizing the publication of 
these pictures)

Photographic assessment of nasal morphology following rapid maxillary expansion in children
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Figure 4- Frontal facial photograph for assessment of nasal structures; nasal width of the middle third (A); nasal base (B); 
facial photograph in profile for assessment of nasal structures; dorsum of the nose (C); nasolabial angle (D); alar base (E) 
(parents signed informed consent authorizing the publication of these pictures)

Structure Agreement (%)
Examiner 1

Kappa Agreement (%)
Examiner 2

Kappa Agreement (%)
Examiner 3

Kappa

Nasal width of middle third 100% 1 91.11% 0.60 100% 1

Nasal base 100% 1 93.33% 0.33 97.78% 0.33

Dorsum of nose 98.89% 0.67 97.78% 0.33 100% 1

Nasolabial angle 92.22% 0 95.55% 0.31 85.55% 0.53

Alar base 100% 1 100% 1 78.88 0

Table 1- Percentage of agreement and Kappa values for the intra-examiner analysis

SILVA FILHO OG, LARA TS, AYUB PV, OHASHI ASC, BERTOZ FA

period, immediate post-expansion period and one 
year following expansion.

The photographs were entered in the Microsoft 
Office PowerPoint 2007 program in sets of three. 
The first screen was mounted with the pre-
expansion, immediate post-expansion and 1-year 
post-expansion photographs in the frontal view. 
The second screen was mounted with the pre-
expansion, immediate post-expansion and 1-year 
post-expansion photographs of the profile. Hence, 
three photographs were arranged side-by-side on 
each screen to be analyzed and compared by three 
examiners.

The photographs were evaluated at two occasions 
by three independent experienced orthodontists, 
with a two-week interval between evaluations for 
the determination of the error of the method. On the 
second evaluation, only half of the sample (selected 
randomly) was evaluated. The examiners were 
unaware of the therapeutic approach performed 
on the patients and were instructed to look for 
alterations in the morphology of the following 
facial structures: dorsum of the nose, nasal-labial 
angle, alar base and nasal width of the middle 
third (Figure 4). The responses (yes or no) were 
recorded on a standardized chart. If any alteration 
in the morphology of any structure was found, the 
examiner was instructed to objectively describe the 

perceived alteration.
The results were collected and submitted to 

the Kappa test17 for analysis of the degree of 
agreement between evaluations. The mode among 
the examiners was used to determine the percent 
incidence of the alterations.

RESULTS

The results of the agreement percentages 
and Kappa values for the intraexaminer and 
interexaminer analyses are displayed in Tables 1 
and 2, respectively.

From the analysis of the mode of the examiners’ 
findings, no alterations in nasal morphology were 
found in any of the patients when assessing the 
dorsum of the nose, alar base and width of the 
middle third (Table 3). Alterations were only 
detected in the nasolabial angle in 1.64% of the 
patients when comparing the pre-expansion and 
immediate post-expansion photos; in 4.92% of 
the patients when comparing the photos of the 
immediate post-expansion and one year following 
expansion; and in 6.56% of the patients when 
comparing the pre-expansion photos to those one 
year following expansion (Figures 5 and 6)
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Structure % of alteration
A x B

% of alteration
B x C

% of alteration
A x C

Nasal width of middle third 0 0 0

Nasal base 0 0 0

Dorsum of nose 0 0 0

Nasolabial angle 1.64 4.92 6.56

Alar base 0 0 0

Table 3- Percentage of patients with changes identified by the examiners in the structures evaluated in the pre-expansion 
(A), immediate post-expansion (B) and 1-year post-expansion (C) photographs

Photographic assessment of nasal morphology following rapid maxillary expansion in children

Structure Agreement (%)
Ex1 X Ex2

Kappa Agreement (%)
Ex2 X Ex3

Kappa Agreement (%)
Ex1 X Ex3

Kappa

Nasal width of middle third 88.88% 0 88.88% 0 100% 1

Nasal base 95.55% 0 93.33 -0.08 97.78% 0.33

Dorsum of nose 97.78% 0.33 100% 1 97.78% 0.33

Nasolabial angle 97.78% 0.33 74.44% -0.12 76.66% 0

Alar base 100% 1 78.88% 0 78.88% 0

Table 2- Percentage of agreement and Kappa values for the inter-examiner analysis

Ex = examiner

Figure 5- Frontal facial photograph and facial photograph in profile in the pre-expansion period (A,B), immediate post-
expansion period (C,D) and 1 year following expansion (E,F) of patient in whom an increased nasolabial angle was detected 
(parents signed informed consent authorizing the publication of these pictures)
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Figure 6- Frontal facial photograph and facial photograph in profile in the pre-expansion period (A,B), immediate post-
expansion period (C,D) and 1 year following expansion (E,F) of patient in whom a decreased nasolabial angle was detected 
(parents signed informed consent authorizing the publication of these pictures)
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DISCUSSION

With so much scientific evidence available, RME 
has not been a novelty since the 1960s12. Since 
then, innumerous studies have clarified the skeletal 
and dental effects of RME as well as its positive 
repercussions on respiration5,7-11,13,16,19,20,24-27. RME 
thus have a variable orthopedic effect capable of 
causing favorable morphological changes to the 
nasomaxillary complex, but with a progressively 
lesser magnitude with age.

For orthodontists, the positive results of RME 
are mainly evidenced through occlusal analysis. 
RME constitutes transversal mechanics with the aim 
of establishing upper morphology and transversal 
dimensions compatible with normal, pleasing 
occlusion.

The present study is the first investigation to 
employ subjective, qualitative facial analysis with 
the purpose of evaluating the potential effects 
of RME on the nose. The sample was made up 
of children in the stages of primary and mixed 
dentition with posterior cross-bite of a skeletal 
nature. The connotation “skeletal” was given mainly 
considering the buccolingual slant of the posterior 
teeth (“torque”). The patients had posterior cross-
bites with the upper posterior teeth positioned in the 
vestibular-lingual direction within the alveolar ridge. 

Thus, expansion would not change the vestibular-
lingual slant of the posterior teeth. This implied 
an increase in the width of the upper dental arch 
without changing the torque of the posterior teeth. 
This characteristic is a reference for the diagnosis of 
skeletal atresia of the upper dental arch. Therefore, 
all children were subjected to RME using a Haas 
appliance with the same activation protocol of one 
complete turn per day (2/4 in the morning and 2/4 
at night) until the correction of the posterior cross-
bite with overcorrection.

Although it has an indisputable dental effect 
corresponding to the slant of the anchorage 
teeth in the vestibular direction, RME causes an 
increase in the width of the maxilla and nasal 
cavity3,6,8,11,12,13,16,18,20,22,24. The part of the maxilla 
most prone to the effects of RME is that which is 
closest to the appliance and farthest from the base 
of the skull. Thus, transversal alterations are more 
expressive at the point of the occlusal plane and 
diminished toward the base of the skull24.

As the maxilla is the bone that most contributes 
to the configuration of the mid face, it is reasonable 
to expect that the separation of the maxillary 
bones through RME causes some change to the 
morphological configuration of the face. This change 
can be assessed by cephalometric analysis, as done 
in two studies investigating the possible influences 
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of RME on the soft tissues of the face, suggesting 
numerical sagittal changes in the soft tissue, such 
as anterior displacement of the tip of the nose, and 
an increase in the H angle and facial convexity as a 
consequence of the immediate maxilla advancement 
and mandible rotation downward and backward14,15. 
No changes in nasal prominence, thickness of the 
upper lip or thickness of the chin following RME 
were recorded15. These results reveal that RME is 
incapable of directly influencing the soft tissues. 
If there were some impact on the soft tissue, it 
would be reflected in changes in the subjacent 
hard tissues.

Frontal radiographs have proven the orthopedic 
effect on the maxilla, with increases in the width 
of the nasal cavity from 1 to 3 mm, 1.7 to 2.5 
mm, around 2.08 mm, from 2 to 4.5 mm and of 
3.47 mm3,12,13,16,24. One study employing computed 
tomography quantified a mean increase of 25% 
in the area and 15% in the volume of the nasal 
cavity20. Do such alterations imply changes in facial 
morphology? If so, are these changes positive or 
negative?

One report in the literature stimulated the 
development of the present investigation. This 
report discusses an undesirable change in the nasal 
morphology of a 5-year-old girl after activation of 
the expansion screw for 10 days, revealing the 
frailty of the inter-nasal suture at this age2. In the 
present study, we employed RME in the primary 
dentition, starting at 5 years of age23. Therefore, 
we decided to carry out a detailed assessment 
of the face of children subjected to orthopedic 
expansion of the maxilla, with special attention 
to nasal morphology. The analysis was performed 
using photographs of the patients prior to RME, 
immediately after the active phase of RME and 12 
months following the conclusion of the active phase 
of RME. The goal was to assess the impact of the 
anatomical changes caused by RME in the primary 
and mixed dentition stages, above all, on the nasal 
area in the front and side views. The five structures 
evaluated were the dorsum of the nose, nasolabial 
angle, alar base, nasal width of the middle third 
and nasal base. Based on the results of the Kappa 
test for intraexaminer and interexaminer reliability 
(Tables 1 and 2), subjective facial analysis is a 
reliable method for the assessment of morphological 
alterations. According to the assessment of the 
three experienced orthodontists, only the nasolabial 
angle proved altered in 6% of the patients. The 
examiners were unanimous in stating that there 
was no change in the frontal and profile views of the 
face when comparing the three periods analyzed. 
This result reinforces what we have observed in 
the clinic: RME does not alter nasal morphology 
in children in the stages of primary and mixed 
dentition.

Facial analysis demonstrates that rapid RME has 
a minimal potential to alter facial morphology in 
the front view and profile. In practice, this finding 
is not surprising. In cases in which facial alteration 
is desired, such as in maxillary deficiency, facial 
convexity is increased with the reverse traction of 
the maxilla.

CONCLUSIONS

Facial analysis with standardized photographs of 
the frontal and profile views allows the conclusion 
that RME in children in the primary and mixed 
dentition stages does not lead to changes in the 
mid face or nasal morphology.
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