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ABSTRACT 

Objective: This study aimed to evaluate the airway changes after maxillary expansion and protraction using modified Tandem 

Appliance versus facemask appliance in cleft lip and palate patients using cone beam CT. Patients and methods: Twenty Egyptian 

growing children (10 boys and 10 girls) with cleft lip and palate patients with deficient maxilla ranging in age from 6 to 11 years 

(mean = 9ys, SD =1.2ys) from the outpatient clinic of Department of Orthodontics, Faculty of Dentistry, Minia University (Minia, 

Egypt) were divided into two group, group A was treated with maxillary expansion and protraction with facemask appliance and 

group B was treated with maxillary expansion and protraction with modified tandem appliance. For airway assessment, CBCT 

changed into received pre - and post-treatment. Results: There was a significant rise in airway width change in face mask group 

compared with modified tandem appliance group, while airway depth change showed insignificant difference between the two 

groups. Regarding nasal width change, there was an insignificant difference between the two groups. Conclusion: The results 

showed that the pharyngeal airway and nasal width are significantly affected by maxillary expansion and protraction using facemask 

and adjusted tandem appliance. 
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1. INTRODUCTION  

Cleft lip and palate (CLP) is the most frequently occurring orofacial malformation. The incidence of orofacial clefts depends on racial 

and ethnic background and on geographic area. CLP has been found in ancient populations and has likely occurred throughout 

human existence (Gregg et al., 1981). CLP is an inherited birth defect which is characterized by complete or partial clefting of the lip 

and/or the palate (Kharbanda, 2013). Patients with CLP defects frequently present with midfacial hypoplasia, asymmetry of the 

maxilla, mandible, and nasolabial regions of the face and nasal airway disfigurements, leading to inadequate function and 

appearance of the nose. Abnormalities are commonly shown as narrowing of the nasal airways because of  septal bends, turbinate 

mucosal hypertrophy, that decreases the dimensions of the nasal cavity, increase resistance to nasal breathing, and hinder nasal 

airflow (Trindade et al., 2009; Mani et al., 2010). Additionally, constrictions and altered dimensions in the oropharyngeal airway are 

also reported in CLP patients (Yoshihara et al., 2012). Several concerns of these obstructions may occur, such as alterations of the 

respiration mode, abnormal facial form, malocclusions, and disturbances in velopharyngeal function (Aras et al., 2012). 

Midface insufficiency is a unique feature of patients with CLP that may be associated with mandibular excess. After surgery of the 

lip and palate during infancy, the resulting muscular forces and fibrosis change future maxillary growth resulting in retardation of 

growth of the nasomaxillary complex and a severe three-dimensional (3D) maxillary collapse. The main management of skeletal class 

III malocclusion is maxillary protraction.It is the most active method to correct or diminish maxillo-mandibular differences in cleft 

patients. Preferably, patients in mixed dentition stage with midface deficiency (Mandall et al., 2016) were treated with either the 

Modified Tandem Appliance or facemasks. Despite the proven efficacy of the facemask in the treatment of maxillary deficiency, the 

physical appearance and bulkiness of this extraoral appliance reduce the patient’s cooperation and motivation, which decrease its 

clinical effect.  

The tandem traction bow appliance (TTBA) designed by Chun et al. 1999 was defined as an esthetic and comfortable intraoral 

appliance. Clinical studies of modified (TTBA) found similar treatment effect of both the facemask and TTBA (Tortop et al., 2017). 

TTBA consist of one maxillary and two mandibular removable parts, which making oral hygiene maintenance easy for the patient. 

Different diagnostic tools have been used for the assessment of treatment outcomes of appliances used for correction of midface 

deficiency using different modalities, including lateral cephalometry, computed tomography (CT) and more recently cone-beam 

computed tomography (CBCT). CBCT is a radiographic technique that captures anatomic images with a coneshaped beam, rather 

than a thin beam in the form of a fan, which makes these images in 3 dimensions. Arai et al. developed a high-resolution CBCT 

system for use in dentistry (Arai et al., 1998; Arai et al., 1999). Cone-beam computed tomography provides modern dentistry with 

many benefits, such as precise diagnosis, reliable surgical treatments with more predictable prognoses, lower costs compared to 

medical tomography (Ludlow et al., 2006). The accuracy of volumetric measurements of the airway by using CBCT images has been 

previously confirmed (Aboudara et al., 2009).  

Thus, 3D morphologic analysis of the pharyngeal airway is possible with CBCT scans (Periago et al., 2008; Aboudara et al., 2009; 

Hassan et al., 2009). 

 

2. PATIENTS AND METHODS 

Twenty Egyptian growing children (10 boys and 10 girls) with cleft lip and palate patients ranging from 6 to 11 years of age with 

retruded maxilla (mean = 9, SD = 1.2 ys) from the outpatient clinic of Department of Orthodontics, Faculty of Dentistry, Minia 

University (Minia, Egypt) from June 2018 to May 2020 were divided into two groups.  

 

 

Figure 1 Modified Tandem Appliance (Leone Ortodonzia, Firenze, Italy) 
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Group A was treated with maxillary expansion and protraction with facemask appliance and group B was treated with maxillary 

expansion and protraction with modified tandem appliance. CBCT became given earlier than and after treatment (figure 1 & 2). 

 

 

 

Figure 2 Facemask appliances (FM, Oramco Corporation, orange, CA, USA) 

 

Expansion and protraction protocol 

For both groups,the Hyrax expander was activated by rapid maxillary expansion; the midline expansion screw was opened twice a 

day for 2 weeks (0.25 mm per turn) to disarticulate the circum-maxillary sutures. Follow up twice per week for any adjustments of the 

appliance. After two weeks of beginning the maxillary expansion, orthopedic protraction was began using elastics attached to the 

hook of buccal arm in upper arch and to the modified outer bow in traction bow in the lower arch. Expansion was continued by slow 

expansion protocol; one turn three times weekly until the desired change in the transverse dimension was achieved (figure 3). Class 

III intermaxillary elastics were chosen individually for each case to provide an initial force of 230 gm. / 8 Oz on each side for the first 

4 weeks, increased to 400 gm. /14 Oz 

 

 

Figure 3 Modified tandem appliance with intermaxillary elastics. 

 

The mean duration of treatment at the end of treatment was 15±3 months. All patients under this study were submitted for 

CBCT scanning for airway evaluation. CBCT machine (Scanora 3Dx, Soredex, Finland) was adjusted for scanning at tube voltage 90 

KVP, Milliampere 10mA, Voxel size 0.3mm, Scanning time 26.9 Seconds and Field of view 23 cm Height 17 cm Diameter. After 

acquisition, data had been exported and transferred in DICOM layout and downloaded to a private computer for analysis through a 

Compact Disk (CD), where Ondem and 3D App software (Cybermed, South Korea) was utilized for landmark identification (table 1).  
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Table 1 landmarks definition 

Landmark Definition 

Right Nasal Point 
Most lateral point at the middle of right inferior 

nasal concha  

Left Nasal Point 
Most lateral point at the middle of right inferior 

nasal concha 

Right Airway Point  
Most lateral point at the right pharyngeal wall at 

the level of hard palate  

Left Airway Point  
Most lateral point at the left pharyngeal wall at 

the level of hard palate 

Anterior Airway Point 
Most anterior point at the pharyngeal wall at the 

level of tip of the soft palate 

Posterior Airway Point  
Most posterior point at the pharyngeal wall at 

the level of tip of the soft palate 

 

Airway measurements 

The airway was measured according to the following borders (figure 4): 

Concerning the nasal width: from the right nasal point to the left nasal point. 

Airway width: from the right airway point to the left airway point. 

Airway depth: from the anterior airway point to the posterior airway point. 

 

 

 

 

Figure 4 Airway measurements 

 

Statistical analysis 

The collected data were coded, tabulated, and statistically analyzed using SPSS program (IBM, Statistical Package for Social Sciences) 

software version 25, and graphical presentation was done using Microsoft excel version 2016. Descriptive information had been 

carried out for parametric quantitative records through mean ± general deviation and for non-parametric quantitative records by 

median and interquartile range (IQR), while they were done for categorical data by number and percentage. For parametric 

quantitative data, analysis was performed using the Paired Samples T test among pre and post treatment. Analysis was done for 
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non-parametric quantitative data using Wilcoxon Signed rank test between pre and post treatment. Analysis was done for non-

parametric quantitative data using Mann Whitney test between the two groups. The level of significance was taken at (P value < 

0.05). 

 

3. RESULTS  

Pre and post treatment results in the facemask group (A) (table 2 & 3): 

There was a substantial increase after treatment with respect to airway measures. 

As regarding nasal width there was significant increase after treatment. 

 

Table 2 Airway measurements in facemask group (A) 

  
Pre Post Change 

P value 
N=10 N=10 Mean ± SD 

Airway Width  
Range 

Mean ± SD 

(19.1-25.7) 

23.3±2.6 

(21.7-29.5) 

25.8±2.8 
2.5±1.4 <0.001* 

Airway Depth  
Range 

Mean ± SD 

(8.2-12.8) 

11.1±1.7 

(9.3-17.4) 

13.2±3 
2.1±2.4 0.023* 

Paired samples T test for parametric quantitative data between pre and post treatment 

*: Significant level at P value < 0.05 

 

Table 3 Nasal measurements in facemask group (A) 

  
Pre Post Change 

P value 
N=10 N=10 Mean ± SD 

Nasal 

Width  

Range 

Mean ± SD 

(18.3-23.6) 

21.3±1.7 

(21.7-24.7) 

23.4±1 
2.1±2.4 0.021* 

Paired samples T test for parametric quantitative data between pre and post treatment 

*: Significant level at P value < 0.05 

 

Pre and post treatment results in modified tandem appliance group (B) (table 4 & 5): 

As regarding air way measures there was significant increase after treatment. 

As for nasal width, substantial increases were observed after treatment. 

 

Table 4 Airway measurements in modified tandem appliance group (B) 

  
Pre Post Change 

P value 
N=10 N=10 Mean ± SD 

Airway Width  
Range 

Mean ± SD 

(24.3-30.4) 

26.6±2 

(25.0-30.8) 

27.9±2.1 
1.3±1 0.004* 

Airway Depth  
Range 

Mean ± SD 

(10.9-15.1) 

13±1.4 

(13.0-18.4) 

15.6±2 
2.6±2.2 0.005* 

Paired samples T test for parametric quantitative data between pre and post treatment 

*: Significant level at P value < 0.05 

 

Table 5 Nasal measurements in modified tandem appliance group (B) 

  
Pre Post Change 

P value 
N=10 N=10 Mean ± SD 

Nasal 

Width  

Range 

Mean ± SD 

(17.3-23.6) 

20.8±2.3 

(19.3-26.7) 

23.6±2.4 
2.9±2.5 0.005* 

Paired samples T test for parametric quantitative data between pre and post treatment 

*: Significant level at P value < 0.05 
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Based on the comparison between the difference of pre and post treatment in facemask group (A) and Modified tandem 

appliance group (B) the following results were found: As regarding airway measures change there were significant increase in airway 

width change in face mask group compared with MTA group, while airway depth change showed insignificant difference between 

the two groups. As regarding nasal width change there was insignificant difference between the two groups (figure 5 & 6). 

 

 

Figure 5 Airway measurements 

 

 

Figure 6 Nasal Width 

 

4. DISCUSSION 

CLP is one of the most common hereditary disabilities affecting the craniofacial skeleton. The occurrence of clefting varies widely 

among various ethnicities with a global average of about 1 in every 700 newborns (Oberoi et al., 2018). It affects the quality of life of 

more than 7 million people around the world (Mastroiacovo et al., 2011). Growth modification at an early age is important for 

patients with CLP even if full correction of the skeletal problem will not be achieved. Improving the facial esthetics in the 
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preadolescent and adolescent stages instead of postponing the surgical treatment until completion of growth may have a favorable 

effect on the self-esteem and the psychological development of those debilitated patients during their puberty. Moreover, the 

magnitude of surgery needed after early intervention would be decreased than in patients who had no growth modification. 

However, both the patient and the parents should be informed that orthopedic treatment can never exclude a surgical approach 

after growth.  

The traditional facemask is commonly used for correction of the deficient maxilla characteristic for patients with CLP. However, 

bulkiness and consequently poor patient compliance, pressure sores on the chin and forehead, anchorage loss represented by 

mesial movement and extrusion of the maxillary molars and labial tipping of the maxillary incisors increasing the facial height due to 

clockwise rotation of the mandible and lingual tipping of the lower incisors are all the shortcomings of this treatment modality 

(Rosen, 1988; Zhou et al., 2007; Yang et al., 2012; Morales-Fernandez et al., 2013). To overcome these problems Chun et al. (1999) 

introduced TTBA for the management of Class III patients. They defined the TTBA as a more comfortable device compared with 

conventional devices because it was removable and worn intraorally. It had been proposed that TTBA and its modifications have a 

similar treatment outcome to facemask with hyrax expander (Tortop et al., 2014; Husson et al., 2016; Tortop et al., 2017).  

A dental anchorage system which mixes skeletal and dentoalveolar motion is provided by the newly modified tandem system. 

This make patient compliance much easier, with the ability to protract the maxilla, makes this equipment noticeably powerful in early 

control of growing Class III malocclusion. Three dimensional imaging has low radiation dose and high accuracy in management of 

CLP patients. According to evidence, CBCT imaging is recommended during management of CLP patients (Parveen et al., 2018). All 

available guidelines explain the use of CBCT in CLP patients (Horner et al., 2009; Dula et al., 2015). For reduced radiation and lower 

costs, CBCT is favored over the use of CT images. Concerning the change in airway after maxillary expansion and protraction in CLP 

patients a large increase in each airway width and intensity after remedy with facemask appliance. Also there was a significant 

increase in nasal width after treatment with facemask appliance. In the other group of Modified TTBA there was a significant increase 

after treatment in airway measurement and the nasal width.  

Based on the comparison between the difference of pre and post treatment in facemask group (A) and modified tandem 

appliance group (B) in airway measures, there was a significant increase in airway width change in face mask group compared with 

modified TTBA group, while airway depth change showed insignificant difference between the two groups. Regarding nasal width 

change, there was an insignificant difference between the two groups. Consistent with our results, Kula et al. discovered that 

youngsters with CLP have a growth in nasal airway volume due to growth in both unilateral and bilateral CP/L (Starbuck et al., 2014). 

But our end result became inconsistent with Fu et al. who confirmed no extrade in airway quantity in CP/L those who did now no 

longer have maxillary protraction (Fu et al., 2016).  

 

5. CONCLUSION  

 This study investigated the effect of different maxillary protractor on airway dimensions in patient with CLP with the following result: 

There was a significant increase in airway measures in CLP patients treated with facemask appliance and modified TTBA. There was a 

significant increase in nasal width in CLP patients treated with facemask appliance and modified TTBA. There was a significant 

increase in airway width change in face mask group compared with Modified TTBA group, while airway depth change showed 

insignificant difference between the two groups. Regarding nasal width change, there was an insignificant difference between the 

two groups. The dimensions of the pharyngeal airway as well as the nasal width were affected by both Facemask and modified 

tandem appliance. Maxillary expansion and protraction in CLP using facemask and modified tandem appliance improve airway width 

and depth as well as nasal width. 
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