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Abstract

Introduction: Pharyngeal airway space has become an important criterion for diagnosis and treatment planning and this has led to a paradigm shift towards soft
tissue evaluation for orthodontic diagnosis and treatment planning, The aims and objectives of the study were to evaluate and compare upper pharyngeal airway space in
Cleft Lip & Cleft Palate patients who underwent orthodontic treatment under different treatment modalities like Camouflage treatment & Maxillary Advancement.

Methods: This is a retrospective cephalometric study in which 20 Pre-treatment Cephalograms and 20 Post-treatment Cephalograms of Cleft Lip and Palate patients
were taken. Orthodontic treatment involving Camouflage therapy and Maxillary Advancement were studied in each respective group. The Cephalogram was traced on Matt
acetate paper and the pharyngeal airway space was measured using the McNamara analysis method.

Results: Statistically significant difference was observed in the Pre-treatment and Post-treatment mean values in both groups, where the Post-treatment mean was
higher than the Pre-treatment means in both groups. A highly significant mean was noted in the Cleft Surgical group as compared to the Camouflage (xiii) group, where,
the post-treatment upper airway mean was higher in the Cleft Surgical group than the Cleft Camouflage group.

Conclusion: There is a significant increase in upper pharyngeal airway space in patients with CLCP treated with Maxillary Advancement and Camouflage modality.
The significance is comparatively more in the Maxillary Advancement group than in the Camouflage group.
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Introduction

The pharynx, atube-like structureislocated behind the nasal
cavity, oral cavity, and larynx. There are 3 parts of the pharynx
namely the nasopharynx, oropharynx, and laryngopharynx.
Reduced pharyngeal airway passage in any part of the pharynx
can lead to Obstructive Sleep Apnea. Patients with reduced
oropharyngeal airway space are associated with a high risk of
Obstructive Sleep Apnea.

The pharyngeal airway evaluation is an important aspect of
orthodontic diagnosis as well as treatment planning.

Pharyngeal space size is determined primarily by the
relative growth and size of soft tissues surrounding the
dentofacial skeleton [1].

Pharyngeal airway space is evaluated by different procedures
like lateral Cephalogram, 3-Dimensional methods like Cone
Beam Computer Tomography (CBCT), Magnetic Resonance
Imaging (MRI) Real-Time, Cine-CT (Cine Fluoroscopy),
and Electron Beam Computed Tomography (EBCT).

Craniofacial anomalies, including mandibular
retrognathism or maxillary retrognathism, short mandibular
corpus, and backward and forward rotation of the mandible,
may lead to the reduction of the pharyngeal airway passage [2].

The Orofacial clefts are congenital deformities that manifest
at birth. Orofacial clefts are the most frequently occurring
craniofacial birth defects.

Cleft lip and palate frequently produce significant nasal
deformities such as the deviated septum, vomerine spurs, and
atresia of nostrils, as well as maxillary growth deficits that
alter the nasal floor. These abnormalities tend to reduce the
size of the nasal airway [3].

It has been reported that Cleft Lip and Palate patients have
a reduced nasal airway as compared with normal subjects and
the incompetent nasal airway predisposes cleft lip and palate
patients to oral breathing [4].

There has been no literature that has compared the
pharyngeal airway dimensional changes in detail in cleft lip
and cleft palate patients treated with different surgical and
camouflage methods. In order to maintain proper airway
space during and after treatment, the outcomes of different
treatment modalities have to be evaluated.

Hence, this study is aimed at comparing the upper
pharyngeal airway changes in cleft patients treated with
maxillary advancement surgery and camouflage.

Maxillary advancement surgery

Orthognathic surgery on the maxilla such as maxillary
advancement surgery can have a significant effect on the
internal and external nasal form and function of cleft patients.
Patients with repaired cleft lips and palate often have nasal
airway obstruction which can be corrected [5].
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Maxillary advancement is an Orthognathic surgical
procedure that is done to bring the maxilla more dorsally
to correct various dental abnormalities like reverse overjet,
hypoplastic maxilla, etc. It is a common treatment option
for treating CLCP patients as many CLCP patients have an
underdeveloped maxilla.

Maxillary advancement surgical procedure

The patient is placed in a supine position with a shoulder
roll for a neutral head position. Nasotracheal intubation is
preferred in these patients so that occlusion can be checked
without difficulty. Local anesthesia is then injected into the
gingivobuccal sulcus of the upper lip to help with hemostasis.
Once through the mucosa and into the loose areolar tissue in
the submucosal plane, dissection should proceed directly to
the bone. The incision is made from the first molar to the first
molar, to expose both the lateral and medial buttresses of the
maxilla.

When the periosteum is identified, it should be scored
with electrocautery for the entire length of the incision.
Subperiosteal dissection with an elevator is performed to
expose the anterior surface of the maxilla. Dissection around
the level of the piriform aperture should be mindful of the nasal
mucosa and lining. The lateral dissection should end once the
pterygomaxillary junction is encountered.

When designing the osteotomy, care should be taken to
avoid the tooth roots. Using the maxillary canine as the longest
tooth root reference (26 mm), the apices of the other teeth can
be avoided. At the level of the piriform, the osteotomy should
always be performed below the level of the inferior turbinate to
avoid damage to the nasolacrimal system.

The osteotomy is made with a reciprocating saw at the
lateral maxillary buttress and directed to the ipsilateral piriform
rim. The same osteotomy is performed on the contralateral
side. A thin osteotome is then used to complete the posterior
osteotomies of the lateral and medial maxillary buttresses. A
U-shaped osteotome is used to separate the nasal septum from
the maxilla. The posterior maxillary wall is then fractured with
an osteotome. Lastly, the pterygomaxillary junction should be
separated with curved osteotomes. By placing a finger inside
the mouth and feeling the hamulus, the medial extent of the
osteotomy can be palpated to ensure the proper position. Once
the osteotomies are completed, the down fracture is performed
with digital pressure. If digital pressure does not complete
the osteotomy, then a thorough interrogation of the previous
osteotomies should be performed. The down fracture should be
easy and should not require a large amount of force. Excessive
force can cause unfavorable fractures and complications [6].

The desired movements are made in relation to the external
reference points measured preoperatively. If a surgical splint
has been fashioned preoperatively, it is then used to position
the maxilla by placing the patient in maxillomandibular
fixation (MMEF).
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Indications of maxillary advancement surgery
1. Patients presenting a dental and/or skeletal Class III

2. Patients in Class I or in dental Class II and Class III
present excessively-retrusive maxillary arches.

3. Vertical maxillary excess

4. Midline discrepancies/asymmetries

5. Apertognathia/open bite

6. The absolute transverse arch discrepancy
7. Dual or multi-planar occlusion

8. Severe maxillary atrophy (in conjunction with bone
grafting)

Patients presenting significant class III malocclusion as
well as a narrow dental arch and palatal collapse in Oro-facial
cleft patients. If left untreated, the maxillary hypoplasia can
lead to superior rotation of the mandible, reducing the facial
height and upwardly tilting the occlusal plane.

Camouflage therapy

Camouflage therapy in cleft patients wherein patients are
undergoing fixed orthodontic mechanotherapy (along with
maxillary expansion, extraction of teeth, two-phase therapy,
etc) has an important impact on upper airway dimension
because of transverse movements of lateral walls of the
nose [7]. Thus, it would be beneficial to evaluate the airway
dimensions for future treatments.

Indications of camouflage therapy

1. Skeletal class III malocclusion due to maxillary
retrognathia

2. Skeletal class III malocclusion due to mandibular
prognathism

3. Skeletal class III malocclusion due to both maxillary
retrognathia and mandibular prognathism.

Orthodontic treatment and its effect on pharyngeal
airway

A study was by Ucar F, et al. to test the null hypothesis
that there are no significant differences in craniofacial
structures and orofacial airway dimension in subjects with
Class I malocclusion and different growth patterns. Lateral
cephalometric radiographs of 31 low-angle, 40 high-angle,
and 33 normal growth subjects with Class I malocclusion were
examined. It was concluded by rejecting the null hypothesis as
there was a significant difference in craniofacial morphology
and orofacial airway dimensions of Class I subjects with
different growth patterns [1].

A study was conducted by Joseph A, et al. to compare
the dimensions of the nasopharynx, oropharynx, and
hypopharynx of persons with hyperdivergent facial types and
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neurodivergent facial types. Lateral cephalometric records of
a population with a neurodivergent facial pattern and a group
with a hyperdivergent facial pattern as evidenced by increased
mandibular plane angle were used to compare soft tissue airway
dimensions. It was observed that the hyperdivergent group had
a narrower anteroposterior pharyngeal dimension than the
neurodivergent control group. The narrower anteroposterior
dimension of the airway in hyperdivergent patients are maybe
attributable to skeletal features common to such patients,
that is, retrusion of the maxilla and the mandible and vertical
maxillary excess [2].

A study by Naoko Imamura was conducted to compare
the sizes of adenoidal tissues & upper airways in 90 juveniles
and 40 adolescents, with & without Cleft Lip and Palate. Two
paired groups were made, one with Cleft lip and palate and one
control group. Digital cephalograms were used to determine
the measurements. It was concluded that there was a larger
adenoidal tissue size in the Cleft lip and palate- juvenile group
than in the corresponding control group and there was a more
restricted upper airway in the Cleft lip and palate juvenile
group than in the corresponding juvenile control group [8].

The pharyngeal airway changes have been measured
using McNamara's analysis [9]

The most common method for analyzing the airway for
the orthodontist is the lateral cephalogram head film. Bushey
[10] review -the “state of the art” for measuring the adenoids
and airway using lateral cephalograms [11]. In this article, they
described 2 sets of measurements, one developed by Linder-
Aronson and Henrickson [12] and the other by Schulhof [13].

Airway impairment can be measured by 2 methods. The
upper airway is measured from a point on the posterior
border of the soft palate to the closest point on the posterior
pharyngeal wall. The average is 15 mm - 20 mm according
to Mc Namara [9]. According to a study by Ann Arbon upper
airway is 17.4 mm which increases with age. Lower Pharyngeal
airway space is measured from the intersection of the posterior
border of the tongue and the inferior border of the mandible to
the closest point on the posterior pharyngeal wall. The average
is 10 mm - 12 mm according to Mc Namara. According to Ann
Arbon average value is the same as Mc Namara and does not
change with age.

According to Sullivan, et al. [14], due to obstruction of
the upper pharyngeal airway, there will be arterial oxygen
desaturation and sleep fragmentation which will further lead
to Obstructive Sleep Apnea (OSA).

Reports given by Warren, Duany, and Fischer, it is said that
nasal airway resistance is higher in the cleft population and it
is attributed to deformities of the nose and growth deficits of
the maxilla, both of which contribute to reducing the size of the
nasal airspace [15].

In a study done by Fazal, et al. [16], they concluded that
there was an overall reduction in nasal cavity volume in patients
with cleft lip and palate compared to non-cleft patients.
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When there is a decrease in pharyngeal airway space, it
might lead to obstructive sleep apnea [17]. The demand for
integrating treatment of sleep apnea into the orthodontic
practice shortly will be driven by the need of the societies as
some of our patients will be shortly coming into our offices
aware of sleep apnea.

Due to the proven airway resistance in CLCP patients, it is
important to compare the Pre-treatment and Post-treatment
outcomes of the patients to evaluate the final result that is
achieved.

Aims & objectives

The aims and objectives of the study were to evaluate
and compare the following parameters in Cleft Lip & Cleft
Palate patients who underwent orthodontics treatment under
different treatment modules

1) To measure the pharyngeal airway space in patients
with Cleft Lip & Cleft Palate.

2) To evaluate the cephalometric changes in upper
pharyngeal airway space in cleft lip and palate patients,
treated with maxillary advancement surgery and
camouflage therapy.

3) To compare the airway space change between each
modality of therapy.

Materials and methods

This is a retrospective cephalometric study in which 20
Pre-treatment and 20 Post-treatment cephalograms of cleft
lip and palate patients in each group were taken. Orthodontic
treatment involving camouflage and maxillary advancement
surgery in cleft lip and palate patients will be studied. The
sample size of the study is 40 subjects which comprise 20
subjects under each group; where 20 patients are planning to
undergo camouflage therapy and 20 patients are planning for
or have undergone maxillary advancement surgery.

Records were obtained from the Department of Orthodontics
and Dentofacial Orthopedics of SDM College of Dental Sciences,
Dharwad, and Karnataka, India.

The inclusion criteria

1 Patients in the age group of 16-22 years.
2 Patients who have undergone camouflage therapy.
3 Patients who have undergone Maxillary Advancement surgery.

The exclusion criteria

1 Patients with syndromic cleft lip and palate.v

2 Patients with hyperplasia of adenoids, and tonsillitis.

All lateral cephalometric radiographs had been taken
using conventional methods in the natural head position
with the Frankfurt Horizontal plane parallel to the floor. The
magnification ratio of the cephalometric machine was 1:1.
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McNamara’s Airway Analysis was used in this study where

McNamara’s upper pharynx dimension: The minimum distance
between the posterior borders of the upper soft palate to the
corresponding closest point on the posterior pharyngeal wall.

Statistical methods

Statistical analysis: The data that was obtained were
analyzed statistically with the software, Statistical Package for
Social Sciences (SPSS) version 21.0.

The following statistical formulae were used in the data
analysis.

Mean: It is the measure of the central tendency of a random
variable characterized by its distribution. It was calculated by
the formula:

n

fo

Fo MEnA.tx, 5
n n

In which,

X = mean

X = variables

Tx = summation of x values
n = sample size

Standard deviation: It is a measure for quantifying the
degree of changes in a group of data values. It was calculated
by the formula:

A i(x,‘ - f)2

n—1

S =

In which,

s = standard deviation

n = sample size

X = mean

x, = each variable of the data

The data was presented as Mean and Standard deviation
(SD).

+ Independent t test is done for comparing the inter group
significance of treatment with Maxillary Advancement
group and Cleft Camouflage group. Paired t test is done
for comparing the intragroup significance of pre and
post treatment results in Maxillary Advancement group
and Cleft Camouflage group.

+ The obtained results were presented in both, a tabular
format, as well as in a graphical format, in order to
compare and view the results in a more convenient and
comprehensible way.
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Sample size estimation

The following formula was used for determining the sample
size for the present study in each group.

n

2
(ZE -Z,_ S
2

2
d

N=16. Thus, corroborating the above values the sample
size for the present study was found to be 20 in each group.
Therefore, a total of 80 subjects with 20 samples in each group
were chosen for this study.

Results

The table below shows the descriptive statistics of both the
groups considered in the study, i.e Cleft camouflage and Cleft
Surgical, which included 20 patients’ Pre-treatment and Post-
treatment measurements in each group Table 1.

It can be inferred from the above statistics

a)

b)

c)

The Post-treatment mean in Cleft Camouflage group
was higher than that of the Pre-treatment mean.

The Post-treatment mean in Cleft Surgical group was
higher than that of the Pre-treatment mean.

The standard deviation is greater in the Post-treatment
Cleft Camouflage group than that of the Post-treatment
Cleft Surgical group Table 2.

Upon doing an independent sample t test, it can be said
that there was a statistically significant higher Pre-
treatment mean value in Cleft Surgical group than Cleft
Camouflage group.

The post treatment mean value was also highly
significant in Cleft Surgical group than Cleft Camouflage

group

P value in the Post-treatment Cleft camouflage and
Cleft surgical group is 0.001 which is lesser than 0.05
which is the set statistical value of significance Table 3.

The above inference can be understood with clarity by the

chart and the graph below Graph 1.

Paired sample t test displayed a statistical significant
higher mean upper pharyngeal space seen in the post
treatment when compared to Pre-treatment among
maxillary advancement surgery [(Post-Treatment
(18.1 + 3.0) > Pre-Treatment (16.6 + 3.9); t = -2.303;
p = 0.033)] and camouflage therapy [(Post-Treatment
(13.6 £ 3.8) > Pre-Treatment (12.9 + 3.9);t = -2.488; p =
0.022)].

The above results suggests that there was a higher
significant post treatment upper pharyngeal airway
space in Cleft Surgical group as compared to Cleft
Camouflage group.
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Table 1: Descriptive statistics.

Pre Treatment 20 12.90 3.88
Cleft Camouflage

Post Treatment 20 13.58 3.83

. Pre Treatment 20 16.58 3.85

Cleft Surgical

Post Treatment 20 18.13 2.96

Total Pre Treatment 40 14.74 4.24

ota
Post Treatment 40 15.85 4.09

Table 2: The table below shows the comparison of upper pharyngeal airway space at
Pre-treatment for Cleft Camouflage and Cleft Surgical group and at Post-treatment
for Cleft Camouflage and Cleft Surgical group.

Groups N Mean SD tValue P Value
Cleft Camouflage 20 12.9 3.9
Pre Treatment K -3.007 0.05*
Cleft Surgical 20 16.6 3.9
Cleft Camouflage 20 13.6 3.8
Post Treatment -4.204 0.0071*

Cleft Surgical 20 18.1 3.0
*Statistical Significance set at 0.05
N: Number of samples; SD: Standard Deviation

Table 3: Comparison of Cephalometric changes in upper pharyngeal airway space
in cleft lip and palate patients treated before and after treated with maxillary
advancement surgery and camouflage therapy.

N Mean SD tValue pvalue
Pre Treatment 20 12.9 3.9

Cleft Camouflage -2.303 0.033*
Post Treatment 20 13.6 3.8
. Pre Treatment 20 16.6 3.9

Cleft Surgical -2.488 0.022*

Post Treatment 20 18.1 3.0
*Statistical Significance set at 0.05
N: Number of samples; SD: Standard Deviation

Camouflage

Surgical

HPre Treatment O Post Treatment

[ClPre Treatment
30 [EPost Treatment

25

T T
Cleft Camoufiage Cleft Surgical

Groups

Figure 1: Distribution of cephalometric changes in upper pharyngeal airway space

in cleft lip and palate patients treated with maxillary advancement surgery and
camouflage therapy at pre and post treatment.

The above inference can be understood with clarity by the
chart below Graph 2.
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Figure 2: Distribution of Cephalometric changes in upper pharyngeal airway space

in cleft lip and palate patients treated before and after treated with maxillary
advancement surgery and camouflage therapy.

Discussion

The pharyngeal airway space is an important part of
Stomatognathic system. As there is a paradigm shift towards
soft tissue evaluation for orthodontic diagnosis and treatment
planning, evaluation of pharyngeal airway is also an important
aspect.

Patients suffering from Cleft Lip and Cleft Palate, either
unilateral or bilateral, are generally treated with 2 different
treatment modalities in Orthodontics. Cleft camouflage is
a treatment modality wherein the patient is subjected to
extraction or non-extraction line of treatment as the severity
of the maxillary deficiency is not that high and can be resolved
with maxillary expansion followed by fixed mechanotherapy.
Whereas, in patients, where the maxillary deficiency is
too severe, it is advised to go further ahead with maxillary
advancement surgery. Maxillary advancement is preceded
by maxillary expansion and fixed mechanotherapy. With the
surgical intervention, the reverse overjet is corrected and gives
a facial normalcy to the cleft affected patients. Thus, evaluation
of pharyngeal airway space is an important aspect for diagnosis
and treatment planning of a patient [18].

In the study done, the Post-treatment mean in Cleft
Camouflage group and Cleft Surgical group was higher than
that of the Pre-treatment mean. The standard deviation is
greater in the Post-treatment Cleft Camouflage group than
that of the Post-treatment Cleft Surgical group.

Paired sample t test displayed a statistical significant higher
mean upper pharyngeal space seen in the post treatment when
compared to Pre-treatment among maxillary advancement
surgery [(Post-Treatment (18.1 + 3.0) > Pre-Treatment (16.6 +
3.9); t = -2.303; p = 0.033)].

Paired sample t test displayed a statistical significant higher
mean upper pharyngeal space seen in the post treatment when
compared to Pre-treatment among camouflage therapy [(Post-
Treatment (13.6 + 3.8) > Pre-Treatment (12.9+3.9); t =-2.488;
p = 0.022)].

P value in the Post-treatment Cleft camouflage and Cleft
surgical group is 0.001 which is lesser than 0.05 which is the
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set statistical value of significance, hence telling that there
is increase in upper pharyngeal space post Camouflage and
Surgery in Cleft lip and Cleft palate patients.

The above results suggests that there was a higher
significant post treatment upper pharyngeal airway space in
Cleft Surgical group as compared to Cleft Camouflage group.

According to Sullivan, et al. [14], due to obstruction of upper
pharyngeal airway there will be arterial oxygen desaturation
and sleep fragmentation which will further lead to Obstructive
Sleep Apnea (0OSA).

As per reports given by Warren, Duany and Fischer, it is
said that the nasal airway resistance is higher in the cleft
population and it is attributed to deformities of the nose and
growth deficits of the maxilla, both of which contribute in
reducing the size of the nasal airspace [15-37].

A study done by Farzal, et al. [16], they concluded that there
was an overall reduction in nasal cavity volume in patients with
cleft lip and palate compared to non-cleft patients.

Limitations of the study
The limitations of the study are

1. In cephalogram only 2-dimensional view of
3-dimensional object can be obtained. Hence 3
dimensional methods can be used to get more accurate
and precise readings and values.

2. There can be errors in identification of landmarks. Thus
reliability of cephalometrics comes down.

3. Errors can be made during tracing procedures.

4. Assumptions: Various things are “assumed” in
cephalometrics. a) Symmetry: The various analysis done
on lateral projections are based on the assumptions that
the patient does not have any skeletal asymmetry then
the results of the analysis may not be accurate. Analysis
of postero-anterior projections can avoid the above
fallacy.

5. A correct occlusal and postural position is important
in the accuracy of the cephalogram. Fallacy of false
precision It is found that when a person takes a series
of cephalogram of the head of the same person and
does the tracing, locates the land marks and calculates;
various angles measured showed a standard error of 1:5
that is each time it is slightly different.

6. Fallacy of ignoring the patient: The cephalometric
values should not be taken as fixed goals. Sometimes
certain values of a given patient may vary from the mean
value. But it may not be an indication for treatment.
Thus the patient should be analyzed individually before
a treatment plan is laid. Just because the values differ
it doesn’t mean that treatment is required. If functions
and esthetics are satisfied any deviations from normal
of the cephalometrics value can be ignored.
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7. Only linear measurements can be considered in the
lateral cephalogram.

8. Thevolume of pharyngeal airway could not be measured.

To overcome the above limitations of the study, three
dimensional methods can be used to get more accurate and
precise readings and values.

Conclusion

Current orthodontic practice has seen an important shift
towards the consideration of the soft tissues. The pharyngeal
airway evaluation is an important aspect of orthodontic
diagnosis as well as treatment planning. Literature suggests
that the pharyngeal airway dimensions in subjects with Cleft
Lip and Palate patients are relatively narrower than normal
non cleft subjects.

There has been no study which has compared the Pre-
treatment and Post-treatment pharyngeal airway dimensional
changes in detail in the Cleft Lip and Palate patients treated with
different treatment modalities like Camouflage Therapy and
Orthognathic surgical approach. In order to maintain proper
airway space during and after treatment, the outcomes of these
two different treatment modalities have to be evaluated.

The conclusion of the study can be put forth as

« There is a significant increase in upper pharyngeal
airway space in patients with CLCP treated with
Maxillary Advancement and Camouflage modality.

+ However from the results that were obtained. On
comparingboththegroups, MaxillaryAdvancement(Cleft
Surgical) had a higher significant post treatment upper
airway mean as compared to the post treatment mean
of the Cleft Camouflage group.
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