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Abstract  

Introduction: The purpose of this systematic review was to evaluate the three-dimensional (3D) 

changes occurring at short- and long-term follow-up after rapid maxillary expansion (RME) in nasal 

cavity (NC) and upper airway (UA) in growing patients. 

Methods: A literature search up to July 1st, 2019 was performed. Randomized and non-randomized 

clinical trials and cohort studies comparing the effects of RME in a pediatric population using 3D 

analyses based on computed tomography (CT), cone-beam CT, and MRI were included. The risks of 

bias of the included studies were assessed using the Cochrane Collaboration's risk of bias tool, the 

GRADE approach, and a customized tool. The random-effects meta-analyses of the mean differences 

and 95% confidence intervals of NC and UA volume changes were carried out, followed by subgroup 

analyses.   

Results: Twenty-seven studies were included, with 18 selected for quantitative synthesis. Immediately 

after expansion, the nasopharynx and oropharynx increased significantly. After three months retention, 

only the NC and nasopharynx showed a significant volume increase.  Two studies mentioned the use 

of a sleep disordered breathing questionnaire and one study reported the difference before and after 

RME. None of the 27 articles included assessed the correlation between the skeletal widening and NC 

or UA volume changes after RME. 

Conclusions: The existing evidence confirmed only the short-term positive effect of RME on 

expanding the volume of the NC and the upper part of the UA. However, long-term stability could not 

be sustained.  
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Abstract  

Introduction: The purpose of this systematic review was to evaluate the three-dimensional (3D) 

changes occurring at short- and long-term follow-up after rapid maxillary expansion (RME) in nasal 

cavity (NC) and upper airway (UA) in growing patients. 

Methods: A literature search up to July 1st, 2019 was performed. Randomized and non-randomized 

clinical trials and cohort studies comparing the effects of RME in a pediatric population using 3D 

analyses based on computed tomography (CT), cone-beam CT, and MRI were included. The risks of 

bias of the included studies were assessed using the Cochrane Collaboration's risk of bias tool, the 

GRADE approach, and a customized tool. The random-effects meta-analyses of the mean differences 

and 95% confidence intervals of NC and UA volume changes were carried out, followed by subgroup 

analyses.   

Results: Twenty-seven studies were included, with 18 selected for quantitative synthesis. Immediately 

after expansion, the nasopharynx and oropharynx increased significantly. After three months retention, 

only the NC and nasopharynx showed a significant volume increase.  Two studies mentioned the use 

of a sleep disordered breathing questionnaire and one study reported the difference before and after 

RME. None of the 27 articles included assessed the correlation between the skeletal widening and NC 

or UA volume changes after RME.  
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Conclusions: The existing evidence confirmed only the short-term positive effect of RME on 

expanding the volume of the NC and the upper part of the UA. However, long-term stability could not 

be sustained. 

Keywords: Three-dimensional analyses; Nasal cavity; Upper airway; Meta-analysis 

1. Introduction  

Maxillary transverse deficiency,1
 one of the most common skeletal alterations in the craniofacial 

region, is associated with several problems including esthetic issues (i.e. black corridors), crossbite, 

dental crowding, and functional disharmony (i.e. functional shift). Moreover, maxillary deficiency has 

been considered a possible anatomic etiological factor for the development of obstructive sleep apnea 

in children.2,3 Rapid maxillary expansion (RME) has been proven to be an effective technique to 

produce transverse skeletal effects on the maxilla by opening the mid-palatal suture, regardless of the 

type of palatal expander used.4  

The next logical initiative would be to explore the effect of this treatment modality on the nasal cavity 

(NC) size, airway dimensions, and airway resistance. RME has been subjectively observed to improve 

nasal breathing and decrease NC resistance.5,6 The effects of RME on reducing nasal airway 

resistance were already established more than 40 years ago by Linder-Aronson and Aschan,7 as well 

as by Hershey et al.8 These findings were later on supported by Warren et al.,9 who reviewed the nasal 

airway after expansion and reported 45% (RME group) and 55% (surgically assisted RME group) 

increases in nasal cross-sectional areas (CSA). Although many studies have assessed the linear 

transverse dental and skeletal changes produced by maxillary expansion, the alterations do not 

necessarily reflect three-dimensional (3D) airway changes.10,11 

Changes in the nasal and pharyngeal airway spaces secondary to RME have been also extensively 

investigated using two-dimensional (2D) cephalometric radiographs, rhinomanometry,12 and acoustic 

rhinometry (AR).13 Although cephalometric data were recorded based on a standardized technique, 

the various structural superimpositions and image magnifications did not consistently allow for 

accurate quantification of the changes.14 Moreover, UA morphology cannot be accurately expressed 

by single linear measurement on 2D cephalograms, while information regarding areas (cross-section) 

and volumes, as well as 2D measurements performed on various planes can only be determined based 

on 3D imaging modalities.14,15 The investigations on the effects of RME treatment conducted using 

2D radiographic examinations are characterized by analytical limitations, preventing an accurate 

assessment of the structures. More recently, some studies have used 3D imaging modalities to report 

the effects of RME on nasal and UA volumes.  
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According to an overview to report the evidence provided by systematic reviews on UA performed by 

Bucci et al.,16 there are five systematic reviews on this topic,17-21 with only one including a meta-

analysis.17 However, in two of the five reviews, papers dealing with rhinomanometry, AR, 2D, and 

3D imaging data, were included,17,21 while one review only included papers dealing with AR.20 Ortu 

et al reviewed the paper that evaluated the oropharynx changing measured by CBCT, while 

no quantitative data were provided.22 Di Carlo et al. reported the role of CBCT in RME and UA 

morphology, but no meta-analysis was performed.18 In the review by Buck et al, the treatment effects 

after retention are reported, though without specifying the duration of the retention period. The long-

term effects were assessed only by Baratieri et al., yet a meta-analysis was not performed. Therefore, 

a new, more thorough systematic review with meta-analysis seems necessary. 

2. Objectives 

The objective of this systematic review and meta-analysis is to review and evaluate the evidence of 

area and volumetric changes that occur at short-, medium-, and long-term follow-up after RME 

treatment on NC and UA in growing patients. The review aims to answer the following questions: 

What are the effects of RME treatment on the airway volume of NC and UA in growing patients? Are 

these volumetric changes stable in the long-term? 

3. Material and methods 

3.1 Protocol and registration 

This review follows the guidelines of the Cochrane Handbook for Systematic Reviews of 

interventions (http://ohg.cochrane.org). The Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) statement checklist was used as a template.23 The protocol for this review 

was prepared a priori based on the PRISMA-P statement24 and registered in the PROSPERO 

(CRD42017073106).  

3.2 Eligibility criteria 

The PICOS (population, intervention, comparison, outcome, study design) format was used to 

formulate the clinical question with defined inclusion and exclusion criteria (Supplementary Table 1). 

Randomized, non-randomized clinical trials and cohort studies that include growing patients 

comparing the short- and long-term effects of RME on NC and UA using 3D analyses based on CT, 

CBCT, and MRI were included. Case reports, patients with cleft lip and palate, animal studies, studies 

where RME was combined with other treatment modalities were excluded. In case the baseline scan 

(the scan before treatment start) was not available, the record was excluded. Moreover, studies where 
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the second scan was obtained more than 1 year after expansion, as well as studies where a 3D 

evaluation was not performed were also excluded.  

3.3 Information sources, search strategy and study selection 

Three bibliographic databases, MEDLINE (1946- ), EMBASE (1947- ), and Cochrane Central 

Register of Controlled Trials (CENTRAL), were initially searched on June 20th, 2017 and 

subsequently updated on July 1st, 2019. The search consisted of a combination of the following three 

keywords: 1) 3D evaluation; 2) rapid maxillary expansion; 3) nasal cavity and/or upper airway. 

Additionally, a manual search of the reference lists of relevant articles, unpublished literature in 

ClinicalTrials.gov or ISRCTN registry, and grey literature in OpenGrey (http://www.opengrey.eu) 

was also conducted. Studies were retrieved with no restriction regarding date, language, or publication 

status. Exact search strategies are reported in Supplementary Table 2. The search keywords and 

strategy were developed with the help of a senior research librarian at XXXXXX.                                                            

3.4 Data items and collection 

Titles, abstracts, and articles were reviewed independently by two authors (X.N. and G.D.C.) using 

pre-determined forms. Disagreements were settled by consensus or by consulting a third reviewer 

(P.M.C) for adjudication. A translation was arranged for three articles in Chinese.25-27 The data 

extraction form was developed in Excel (Microsoft Corp., WA) in order to extract all the relevant 

information. The presence of a sleep disordered breathing (SDB) questionnaire before, after, and at 

retention was checked. The amount of expansion of the mid-palatal suture, and the relationship with 

airway changes were assessed. Other measured outcomes were volumetric and CSA changes in NC 

and in each part of the UA. Anatomically, the UA was divided into three parts defined on the sagittal 

images (Figure 1): nasopharynx, oropharynx, and hypopharynx.28 The soft palate is then used to 

further subdivide the oropharynx into two sections: the retropalatal and the retroglossal regions. 

Missing or unclear information, as well as raw data, were requested from the corresponding authors of 

the included trials to eliminate baseline confounding factors and perform explorative analyses.  

3.5 Risk of bias in individual studies and across the studies  

The risk of bias of the included randomized trial was assessed using the Cochrane Collaboration’s risk 

of bias tool.29 The methodological adequacy of the included non-randomized trials was assessed with 

a customized tool that was developed specifically for this systematic review based on various 

appraisal tools (including the Newcastle-Ottawa scale) and empirical evidence of bias in orthodontic 

clinical research (Supplementary Table 3).30-32 The mean quality of studies was rated as ‘High risk’ 

(total score <60%); ‘Moderate risk’ (60%–70%); or ‘Low risk’ (>70%).33,34 The methodological 

quality scores were calculated as percentages of the maximum achievable score (16 points) for each 

study.  
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To evaluate the quality of evidence for meta – evidences (i.e. the strength of clinical 

recommendations), the Grading of Recommendations Assessment, Development, and Evaluation 

(GRADE) was applied. The GRADEpro software (GRADEpro Guideline Development Tool, 

available online at gradepro.org.) was used to summarize the quality of evidence. The assessment was 

based on the following considerations: risk of bias, inconsistency, indirectness, imprecision and 

publication bias. The evidence could be graded in four levels: very low, low, moderate, and high, 

which are used to grade the strength of recommendations in clinical practice.35 

3.6 Summary measures and approach to synthesis 

According to the included studies reported, time-points were defined as: T0 = baseline, before 

expansion; T1 = immediately after expansion; T2 = three months after expansion; T3 = six months 

after expansion; and T4 = 12 months after expansion. The pooled outcomes for this systematic review 

were the overall evaluation of NC and UA volumes, as they represent the most clinically relevant 

outcomes for the patient. The result of volume change obtained at T1 and at T2, T3, or T4, were 

calculated as final minus initial NC or UA volume. Given the importance of the time elapsed from the 

expansion, the main results of the present meta-analyses were presented as subgroup analyses 

according to the specific time-points (T2, T3, and T4) when the measurements of the UA volume 

were performed. 

3.7 Statistical analysis 

We combined results from articles reporting mean differences with their corresponding 95% 

confidence intervals in all meta-analyses. We calculated pooled estimates of weighted mean 

differences (WMD) in outcomes and weight between intervention groups by using a random-effects 

model (DerSimonian-Laird method) to adequately account for the different treatment protocols, RME 

appliances, patient characteristics, NC and UA regions, and measurements techniques. 

The Cochran Q test was used to assess heterogeneity between studies and the I2 test was used to 

measure the proportion of inconsistency in the combined estimates due to between-study 

heterogeneity. I2 values lower than 30% was regarded as representing low heterogeneity, values of 30% 

to 60% as representing moderate heterogeneity, and values of over 60% as substantial heterogeneity.36 

Publication bias (including small-study effects) was assessed with Egger’s linear regression test. 
Sensitivity analyses were conducted to assess their robustness according to the study design 

(prospective vs. retrospective), imaging modalities, and the initial mean age.  

All analyses were performed using Stata 15 CI (StataCorp, College Station, Texas, USA). A 2-tailed P 

value of 0.05 was considered significant for hypothesis testing, except for the test of heterogeneity 

and publication bias, where a P value of 0.01 was applied due to low power. 
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4. Results 

4.1 Study selection  

Three hundred and twenty-five titles were identified from the three bibliographic databases and 72 

additional records were identified through other sources. After removal of duplicates, 229 titles were 

reviewed; 163 records were excluded based on the title and abstract. Out of the remaining 66 articles, 

36 did not meet the eligibility criteria, leaving a final number of 30 published papers. The authors of 

three of the 30 eligible studies37-39 were contacted by email, and confirmed that the three studies used 

the same sample of patients and follow-up periods: therefore, they were treated as one single study, 

using the data of the publication that had the largest sample size for the meta-analyses.40 The study 

characteristics of other two studies indicated that the same sample of patients was used (the authors 

were contacted by e-mail, but no replies were received): the two studies were treated as one single 

study, following the same procedure as above.41,42 One study was excluded from the quantitative 

synthesis because only the mean values of the difference between before and after treatment was 

provided.43 After these processes, 2725-27,39,40,42-63 and 18 studies25-27,40,44,47,48,50,52,53,55,56,58-63 were 

included in the qualitative and quantitative synthesis, respectively (Figure 2). 

4.2 Study characteristics  

Descriptive data for the studies included are summarized in Tables 1a, 1b, and 1c. Regarding study 

design, one study was a randomized controlled clinical trial,25 six were case-controlled studies (two of 

them were prospective trials,46,47 four were retrospective43,45,50,55), and the other 20 articles were cohort 

studies.26,27,39,40,42,44,48,49,51-54,56-63  

A total of 666 patients (mean age range 7.1-14.7 years) were included (Table 1a), with 300 males 

(45%) and 340 females (51%), while one study didn’t supply the gender information.43 Six studies 

had a control group for a total of 127 subjects (age range 8.8-14.1 years).43,45-47,50,55 Four studies had 

comparison groups: two compared different types of appliances,58,62 while two compared different 

expansion protocols.25,63 Ethical approval was not mentioned in two studies.27,49 Two items were 

consistently reported in most of the studies: constricted maxilla and skeletal maturation. Fif teen 

studies included patients with a constricted maxilla. 26,27,39,42,44,47,51-53,56-61 In addition, posterior 

crossbite was a requirement for 11 studies, 26,27,39,40,42,44,48,51,53,56,59 while it was optional in three 

studies.52,58,61 Five studies reported skeletal maturity of the patients, according to the cervical vertebral 

maturation method,39,40,42,46,51 while one study used hand-wrist radiographs.49  

Regarding the treatment protocol, the expansion appliances included Hyrax-type expanders,25-

27,43,45,47,48,50,53,60-63 Haas-type expanders,39,40,46,49 bonded Hyrax with occlusal coverage,52,59 a cast cap 

splint expander,44 a butterfly-shaped expander,42 and a modified Biederman,56  while two studies did 
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not specify the type of maxillary expander used.54,55 Additionally, three studies used more than one 

type of expander. 51,57,58 Two studies used the same expander but followed a different activation 

protocol in 2 different groups of patients.25,63 The expansion protocol was well defined in all but five 

studies (Table 1b).54,55,57-59  

All studies recorded baseline measurements. With regard to the second time-point recorded, five 

studies evaluated the changes at T1,44,49,56-58 seven studies at T2,45,48,53,60-63 one study four months after 

expansion,59 two studies at T3,51,52 and three studies at T4 (Table 1b).39,40,46 Seven studies did not 

mention a clear study endpoint.25,27,43,47,50,54,55 Only two studies evaluated changes immediately after 

expansion at another time point: at T226 or at T3.42 Among the five studies evaluating the changes at 

T1 only two evaluated the change in width of the midpalatal suture,37,44 two studies assessed the width 

of the NC and the palate, yet without reporting the association between these variables (Table 1b). No 

study reported the relationship between the increase in width of the midpalatal suture and the palate 

with the changes in UA.    

The 3D images used in the studies were generated using medical CT, low-dose medical CT, and 

CBCT images. Nineteen studies supplied the scanning setting, including kVp, mA, field of view 

(FOV), voxel size, and scanning time. 25,26,39,40,42,43,45,46,48,50-56,60,62,63 The software packages used for 3D 

reconstruction included Dolphin in 14 studies,25,27,43,46-50,56,58-60,62,63 Mimics in six studies,39,40,51-53,57 

while the following software was used in only one study: OnDemand3D and ITK-SNAP,44 OsiriX 

MD,45 Dentascan,42 INTAGE,54,55 Ezlmplant,26 and Ez3D2009 (Table 1c).61  

One study mentioned the use of an unspecified SDB questionnaire before RME but no results were 

presented.45 Another study reported using an ENT questionnaire, but no quantitative results were 

reported.47 One study reported the use of a questionnaire originally developed to measure the impact 

of adenotonsillectomy: the score after RME was statistically lower than before the intervention.56 

The NC morphology was assessed using linear and volume measurements: Six studies evaluated the 

volume of NC, of which four evaluated the volume with clear boundary reference points,25,44,56,60 one 

without clear boundary reference points,52 and one used a formula to calculate the volume of NC.61 

One measured the anterior NC (Table 1c).53  

4.3 Risk of bias in individual studies and across the studies  

The RCT study had the lowest risk of bias (Table 2a). Among the non-randomized studies, one study 

showed low risk, nine showed moderate risk, and 16 studies demonstrated a high risk of bias (Table 

2b). The domain associated with challenges were blinding of participants and investigators, as the use 

of RME appliance was obvious. In all, only one study reported that blinding was implemented, but 

how this was applied was not clear.46 Other domains of concern with a high risk of bias were: 
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randomization, control group, follow-up, and dropouts description. Besides that, segmentation details 

were also at high risk of bias, with most of the studies none reporting the parameters used.  

The GRADE scores (calculated with the GRADEpro software) are presented in Table 3c: Six 

outcomes were assessed and all the included studies are observational studies. NC and oropharynx 

volume changes after retention scored very low, oropharynx volume changes after expansion scored 

low, while the other three outcome scored Moderate. The main reasons for lowering the quality of the 

evidence were serious methodological limitations. 

4.4 Results of individual studies, meta-analyses, and subgroup analyses 

4.4.1 NC volume (Figures 3a and Supplementary Table 4) 

The test for heterogeneity confirmed that meta-analyses of the outcomes at all time-points were 

reasonable. The NC volume does not show a significant change immediately post-expansion 

(increment of 1224 mm3, 95% CI: -278, 2725 mm3, P = 0.110), however, a significant increase was 

seen at post-retention (increment of 1604 mm3, 95% CI: 891, 2318 mm3, P =0.000). With regards to 

the subgroup analysis for post-retention data, patients treated with RME showed significant increases 

in volume at T2 (increment of 1596 mm3, 95% CI: 726-2466 mm3, P =0.000). Beyond 6 months after 

expansion, no significant changes were observed (T2-T0: P=0.050; T4-T0: P=0.084). 

4.4.2 Nasopharyngeal volume (Figures 3b and Supplementary Table 4) 

Pooled analysis of the five studies that assessed the volume change in nasopharynx showed a 

significant increase post-expansion (increased by 829 mm3, 95% CI: 441-1217 mm3, P = 0.000), with 

no significant heterogeneity (I2, 27.6%; P=0.238). The data showed significant difference from T0 to 

T2 (increased by 492 mm3, 95% CI: 70-913 mm3, P = 0.022), with no heterogeneity (I2, 28%; P = 

0.224).  

4.4.3 Oropharyngeal volume (Figures 3c and Supplementary Table 4) 

There were 11 studies looking at the oropharyngeal volume. When the results of the post-expansion 

studies were pooled, a significant increase after expansion (increment of 1424 mm3, 95% CI: 197-

2651 mm3, P=0.023) was observed. However, the difference between T2 and T0 failed to reach 

statistical significance (P=0.198). Statistically, heterogeneity was measured to be moderate (T0-T1: I2, 

56.5%; P=0.042; T0-T2: I2, 36.2%; P=0.139).  

4.4.4 Retropalatal volume (Supplementary Figures 1 and Supplementary Table 4)  

When post-expansion changes in retropalatal volume were analyzed, no significant increase was 

found (P=0.393), with a significant heterogeneity (I2, 72.8%; P=0.012). There was only one study 

reporting the retropalatal volume at T2, with no significant different changes.48 
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4.4.5 Retroglossal volume (Supplementary Figures 2 and Supplementary Table 4) 

Regarding the retroglossal volume, no significant changes were seen after expansion (P=0.087) and 

heterogeneity was substantial (I2, 68%; P=0.077). 

Three studies assessed post-retention changes: in the two studies looking at T2 no statistical changes 

were found compared to T0 (P=0.373), with low heterogeneity (I2, 0.0%; P=0.775). The results of the 

T3 study was reported in a forest plot for consistency (mean volume increment of 1915 mm3). 

4.4.6 Hypopharyngeal volume (Figures 3d and Supplementary Table 4) 

For hypopharyngeal volume, only one study was included after expansion, yet, the outcomes are 

presented as forest plots for consistency. Two studies reported the volume change at T2, with low 

heterogeneity (I2, 0.0%; P=0.652). No significant changes were observed in hypopharyngeal volume 

after expansion (P=0.657) and after retention (T2, P=0.842).  

4.4.7 Cross-section for UA (Supplementary Table 5) 

Five studies observed the CSA for UA in ten outcome items.25-27,46,59 A meta-analysis was not 

performed, as only one outcome was observed in two studies. A significant increase for the CSA at 

the hard palatal level was reported in one study after expansion27 (P=0.007) and one after retention48 

(T2, P=0.000), whilst Li et al. reported a significant increase at the nasopharynx level after expansion 

(P=0.007).26 One study reported the minimal CSA for the UA, but no details were provided.48  

4.5 Additional analyses  

Regarding the assessment of publication biases, seven outcomes regarding NC and UA volumes were 

analyzed, whilst five other outcomes were not analyzed as they were included only one study in each. 

According to Egger’s test, no considerable indications of reporting biases could be found 

(Supplementary Table 6).  

The only sensitivity analysis that could be performed was the assessment of the difference in the 

effects for study design (prospective study and retrospective study), 3D imaging method (CT and 

CBCT), and patient’s initial age. Sensitivity analyses indicated that the results were relatively robust, 

as no P-value was lower than 0.05 (Supplementary Table 7). The other planned sensitivity analyses 

were not performed due to the small number and characteristics of the included studies. 

5. Discussion 

5.1 Summary of evidence 

5.1.1 General information  

This systematic review was performed in order to provide data on the influence of RME on NC and 

UA of patients during their growth and development period. In order to avoid omitting any data, 
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wide-ranging inclusion criteria were defined. There were no limitations with respect to the year of 

publication and language. 

The synthesized outcome included the volume of NC and every part of the UA. This systematic 

review included papers with analyses based on 3D datasets, yet, some of the studies reported the CSA 

and 2D measurements, thus not taking full advantage of the 3D material. The outcome of the CSA of 

the UA was not included as sufficient data were not available (Supplementary Table 5). In the 

included studies, various CSA were measured and most of them increased after RME, while three 

outcomes measured at the nasopharynx level displayed a statistically significant increase.26,27,48 Only 

Zeng et al. reported that CSA in the nasopharynx and oropharynx decreased after RME.61 This 

decrease could be possibly explained as the outcomes represent the average of five measures in the 

nasopharynx and 10 parts in the oropharynx.  

Only three studies reported the use of SDB questionnaire: two did not reported the changes in the 

scores that happened before, after and at retention; one reported quantitative data, but the 

questionnaire used was originally developed to measure the impact of adenotonsillectomy on life 

quality, thus some limitations might be present when measuring the effect of RME on SDB. 

The skeletal effect of RME has been investigated.4,64-66 The relationship between the amount of 

skeletal expansion and the increase in volume of the NC and UA should be investigated, as it might be 

useful for treatment planning.  However, in the 27 articles included in this review, the change in mid-

palatal suture width was only assessed by two studies,42,49 yet the correlation between the skeletal 

widening and NC and UA volume changes after RME has not been reported.  

The segmentation of the NC is very complicated, as there are four pairs of paranasal air sinuses 

connected to NC. Two studies were rejected for meta-analyses because in one study the volume of the 

NC was assessed including the paranasal sinuses,55 whilst in the other, only the volume of the anterior 

NC was measured.53. Three studies used references plane to separate the paranasal sinuses from the 

NC, yet no explanation for choosing them was provided; moreover, with this approach most parts of 

the ethmoid sinus were still included.25,44,60 

Regarding UA, different reference planes were used: palatal plane,50,55,56,59 Frankfort plane,27,40 or any 

plane constructed horizontal to the floor through a specific point.44 To be able to compare the results, 

we aimed to standardize the way the results were presented, also by merging the different parts of the 

UA. Consequently, the UA was divided into three sections (i.e. nasopharynx, oropharynx, and 

hypopharynx) following the method first described by Schwab28 and then confirmed by Guijarro-

Martínez,67 using the hard palate, soft palate, and epiglottis. Only volumetric measurements evaluated 

by 3D imaging technology were included: Two studies were excluded as the airway volume was 
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evaluated by AR, and not by assessing the volume on the available the CBCT-scans.11,68
 When 

synthesizing the outcomes, we discovered that some conclusions of the article of Chang and co-

workers25 were not totally supported by their original data. For example, the 95% CI for the difference 

in the volume of the NC post-expansion (T2-T1) contains zero, meaning that the change after 

expansion is not statistically significant; yet, the authors reported that the NC volume increased 

significantly.  

5.1.2 Outcome of the review, agreements, and disagreements with other studies or reviews 

Several reviews evaluated NC and UA after RME treatment. Immediate changes in the NC width after 

RME were reported in a meta-analysis.69 This was corroborated by the literature review by Ramires et 

al., reporting an enlarged NC width following maxillary expansion assessed on anteroposterior 

cephalometries.70 In contrast to these findings, Gordon et al.,  who evaluated changes in NC by means 

of AR on minimal NC cross-sectional area and volume, stated that though “NC changes are expected, 

however, their clinical significance is questionable”.20 The cephalometric-based systematic review of 

Lagravere et al.71 reported that a long-term increase in the NC transversal width was reported only in 

one study.72 

In the present review, an increase in NC volume was found to be associated with RME, although this 

effect seems to diminish with time. This seems to be confirmed by several authors investigating the 

advantages of RME with respect to improved nasal airflow in patients with nasal stenosis.8,54,73 It is 

important to notice that inconsistency in NC volume measurements were present across the studies, 

mostly due to the various definitions of NC boundary.  

Baratieri et al. in their systematic review reported a long-term increase in the posterior nasal airway 

and total nasal flow after RME in growing children, 21 with the increase in volume expected to be 

stable for at least 11 months. Recently, Buck et al. investigated the effects of RME on UA volume 

based on three diagnostic modalities and performed a meta-analysis for total airway volume: They 

concluded that RME is associated with a total volume increase of UA that is present up to 8 months of 

retention.74 

On the contrary, the chief finding of the present review was that the volume for both the NC and 

nasopharynx, increased significantly from T0 to T1, whilst no significant increase was observed for 

the lower part of the UA. At T2 and T3, due to the limited number of studies, we found no convincing 

evidence confirming that the observed volume increase could be attributed to RME. Further studies 

are thus required to confirm the long-term effects of RME. McNamara et al. speculated that the 

reduced effects of RME on airway below the NC could be attributed to soft-tissue adaptation.75  
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5.1.3 Quality of the evidence  

In the present review, 27 studies were included, among which only one was an RCT with an active 

control group,25 presenting a low-to-moderate risk of bias. The quality assessment of the non-

randomized studies revelaed moderate to high risk of bias (9 and 16, studies respectively). In both 

randomized and non-randomized studies, blinding of participants and personnel was not possible as 

the use of RME appliances was obvious. According to GRADE, the quality of the outcomes were 

considered to be moderate to low.  

The importance of a control group has been emphasized to decrease the influence of growth, 

especially when assessing long-term changes. Out of the 27 included studies, six included inactive 

control groups and four have active control groups.  The chief reason of not including a matched 

control group could be related to the ethical issue of exposing subjects to radiation without treatment. 

Some studies were associated with small sample size, therefore, the findings should be interpreted 

with caution with respect to the clinical recommendation. The demographic and clinical heterogeneity 

among the studies (age, sex, appliance type, expansion protocol) could not be avoided. Yet, 

Pangrazio-Kulbersh et al. found no changes in posterior airway volume between banded and bonded 

expander groups,58 while Chang et al. reported an increase in volume of nasal airway by comparing 

two expansion protocols.25 Previous research has indicated that gender of the patient is not associated 

with differences in changes in airway volume.76 Mislik et al., based on a sample composed of 880 

healthy untreated children aged 6 to 17 years, also confirmed that no significant differences exist 

between the genders. The nasal airway size increases by 0.032 cm2 / year from age 6 to 15,77 and a 

continuous increase of the shortest distance between the soft palate and the posterior pharyngeal wall 

was reported.78 

Although all the included studies evaluated growing subjects, the mean initial chronologic age 

showed heterogeneity, with the mean initial age range being 8.8-14.7 years. Consequently, the 

participants enrolled in the different studies could have been at different stages of pubertal growth 

spurt, and it is known that skeletal maturity at the start of treatment critically affects the effectiveness 

of RME. The level of skeletal maturation of patients prior to expansion treatment was determined by 

using the cervical vertebral maturation index in five studies,39,40,42,46,51 while one used hand-wrist 

radiographs. 49 

The scanning setting parameters (KVP, X-ray tube current, FOV, and slice thickness) are important 

factors affecting the results. Ten studies provided FOV, while four studies did not use a large FOV 

scan (a height equal to or more than 16cm). Though the voxel size influences the quality of the scans, 

only 12 studies provided this information, with two studies reporting a voxel size above 1mm.42,52 In 

medical imaging, segmentation is defined as the construction of 3D virtual surface models to match 

volumetric data, 79 with segmentation performed either manual or semimanual. As shown in the 
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quality assessment form, seven studies gave the details about the segmentation method, w ith only four 

of the studies described the thresholding procedure used to perform the semimanual 

segmentation.39,40,43,52  

5.2 Strengths and Limitations 

5.2.1 Strength 

The strengths of our systematic review include a comprehensive, extensive and unrestricted search 

strategy, thus reducing the risk of an incomplete yield and possible publication bias. Each article was 

reviewed by two reviewers to cross-check the extracted data. To the best of our knowledge, this 

review is the first to summarize the technical information on application of 3D analysis of the NC and 

UA after RME, including 3D scanning protocol and segmentation method, which is important for 

further research work. This review also looked at the differences in NC and UA between the short, 

medium, and long term follow-up after RME treatment using a precise period definition and the 

outcome were compared among them, as the short term results seems to be different from medium 

and long term effect, which was not done in the previous systematic reviews. The reason to assess the 

NC and UA enlargement is to evaluate whether RME could improve breathing, so at least a sleep 

questionnaire is necessary to screen the effect of expansion on breathing. This review is the first one 

to check in a systematic way whether there was any SDB questionnaire administered to the patients 

before and after RME. Moreover, this review was registered a priori, and provided quantitative data 

for all included studies; the robustness of the results to the risk of bias was verified through sensitivity 

analyses, subgroup analyses, small-study effects, no reporting biases. As the definitions of the NC and 

UA were different in the included studies, to avoid “comparing apples with pears,” we implemented a 

landmark boundary definition for each part to ensure accurate comparison. 

5.2.2 Limitation 

The present study is also associated with certain limitations. First, the methodological quality of the 

included studies was not satisfactory, as most studies were non-randomized studies, except one. This 

drawback might potentially influence the magnitude and direction of the observed effects. Second, 

despite our attempt to manage cross-study heterogeneity with appropriate meta-analytic techniques 

(eg, random-effect models), studies varied in their ascertainment of intervention protocol, study 

population, length of follow-up, and adjustment for confounding variables. With regard to inclusion 

of a control group, few studies had one and in most cases the controls were not untreated individuals 

or appropriately age-matched.  
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6. Conclusions 

Based on the existing evidence, a short-term increase in nasopharynx and oropharynx volume could 

be observed. RME seems to enlarge the nasal airway in a three-month retention period as well, 

including the NC and nasopharynx, but the results could not be demonstrated to be stable in the long 

time. However, the conclusion of this systematic review and meta-analyses should be considered with 

some caution due to the low quality of evidence reported. For future studies, a matched control group 

is necessary if the study has a long-term follow-up period, as the effect of growth would be eliminated. 

Moreover, a SDB questionnaire administered the patients to assess the effect of expansion on 

breathing should be taken into consideration.  

7 Clinical relevance 

This systematic review suggests that RME seems to enlarge the NC, and the immediate expansion 

seems to be clinically significant, despite the lack of available evidence for the long-term effects. 

These changes can potentially influence the pattern of facial growth and improve nasal breathing, 

which might  have a potential positive short term effect in patients with Pediatric Sleep disordered 

breathing. 
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Figure legends 

Figure 1. Midsagittal MRI image of a normal subject, demonstrating the upper airway regions: (A) 

nasopharynx - from the skull base to the hard palate; (B) retropalatal region (RP) - from the level of 

the hard palate to the caudal margin of the soft palate; (C) retroglossal region (RG) - from the caudal 

margin of the soft palate to the base of the epiglottis; and (D) hypopharynx - from the base of the 

epiglottis to the larynx. 

Figure 2. Flow diagram for the identification and selection of studies. 

Figure 3-1. (a) Forest plot for the changes of nasal cavity volume immediately after expansion (T1) 

and retention (T2-T4), (b) Forest plot for the changes of nasopharynx volume immediately after 

expansion (T1) and retention (T2). T0 = pre-expansion; T1 = immediately after expansion; T2 = three 

months after expansion; T3 = six months after expansion; T4 = 12 months after expansion. WMD, 

weighted mean difference; CI, confidence interval. 

Figure 3-2. (a) Forest plot for the changes of velopharynx volume immediately after expansion (T1) 

and retention (T2), (b) Forest plot for the changes of oropharynx volume immediately after 

expansion (T1) and retention (T2). T0 = pre-expansion; T1 = immediately after expansion; T2 = three 

months after expansion; T3 = six months after expansion; T4 = 12 months after expansion. WMD, 

weighted mean difference; CI, confidence interval.  
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Table 1a. Study Characteristics-Participants 

Study Country Study design 

Treatment group 

Control group 
Ethical 

approval 
Eligibility criteria 

Total Male Female Age 

Abdalla et al. 

38 (2019) 

Denmark/st

udy 

material 

from 

Australia 

Retrospective 

study 

26 N/A N/A 12.3±2.3 26 Pts, 12 boys 

and 14 girls, mean 

age: 12.33 

YES/but 

only from 

DK 

Inclusion criteria:  8-15 years old; uni- or 

bilateral crossbite; tooth-borne Hyrax expander; 

a minimum increase of 3 mm in the intermolar 

width during treatment; pretreatment and 

progress CBCT scans with complete imaging of 

the cranial base, maxilla, mandible, f irst four CV 

and airways; Class I  malocclusions . 

Exclusion criteria: previous orthodontic 

treatment, or adenotonsillectomy; known 

syndromic conditions; movement artifacts; 

swallowing during scan acquisition; treatment 

plan requiring orthodontic extractions.  

Almuzian et 

al. 39 (2016)  

UK Prospective 

cohort study 

17 8 9 12.6±1.8 NO YES Inclusion criteria: caucasian patients, 10-16 

years old, normal BMI, constricted maxillary 

arch with uni- or bilateral posterior crossbite. 

Exclusion criteria: previous surgery, or 

orthodontic treatment; craniofacial deformity; 

major variation in the head and craniocervical 

orientation (>5 degrees) between T1 and T2 A
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CBCT scans. 

Badreddine et 

al. 40 (2017)  

Brazil Retrospective 

controlled 

study 

39 23 16 9.7±2.28 16 Pts, mean age: 

8.8 years 

YES Exclusion criteria: syndromic patients or patients 

with craniofacial abnormalities, and patients 

with dental or periodontal changes. 

Ballanti et al. 
36, 37 (2008, 

2010)  

Italy Prospective 

cohort study 

17 7 10 Mean: 11.2; 

range: 8-14. 

NO YES Inclusion criteria: constricted maxillary arches, 

presence of uni- or bilateral posterior crossbite; 

variable degree of crowding; one or both 

maxillary canines presenting with palatal 

displacement as assessed by panoramic 

radiographs. 

Exclusion criteria: above 15 years old; CVM 

stage > 4 (post-pubertal); absence of maxillary 

first molars; metallic restorations on the 

maxillary posterior teeth; previous periodontal 

diseases, or orthodontic treatments; genetic 

diseases. 

Baratieri et al. 

41 (2014)  

Brazil Prospective 

controlled 

clinical trial 

15 8 7 Mean: 9.6  15 Pts, 10 boys 

and 5 girls, mean 

age: 9.4 years  

YES Inclusion criteria: early mixed dentition; Class I 

or II malocclusions; CVM stage 1, 2 or 3(pre-

pubertal); no systemic diseases; healthy 

dentition. 

Cappellette  et 

al. 42 (2017)  

Brazil Prospective 

controlled 

clinical trial 

23 11 12 Mean: 9.6; 

range: 6.4-14.2. 

15 Pts, 9 boys and 

6 girls, mean age 

10.5 years. 

YES Inclusion criteria: mouth breathing patients; 4-14 

years old; clinical diagnosis of maxilla 

hypoplasia. A
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Chang et al. 43 

(2013)  

USA Prospective 

cohort study 

14 5 9 Mean:12.9, 

range: 9.7-16 

NO YES Inclusion criteria: under 16 years old; uni- or 

bilateral posterior crossbites; scheduled to 

receive RME as an initial part of their 

comprehensive orthodontic treatment. 

Exclusion criteria: craniofacial anomalies; 

previous orthodontic treatments; systemic 

diseases. 

Chang et al. 21 

(2017)  

China Randomized 

controlled trial 

Group 

A: 18 

7 11 9.8±1.3  NO YES Inclusion criteria: 7-13 years old; Upper first 

molars erupted; Class III, anterior cross bite; 

ANB < 0°; Wits < -2mm; A-Np < 0mm;  

Exclusion criteria: systemic diseases, 

craniofacial syndrome, or naso-pharyngeal 

diseases; previous orthodontic treatment. 

   Group 

B: 16 

6 10 10.3±1.6    

Christie et al. 

44 (2010)  

USA Prospective 

cohort study 

24 14 10 Mean: 9.9; 

range: 7.8-12.8. 

NO N/A Inclusion criteria: children who required RME 

treatment. The mean skeletal age of the patients 

was 10.3 years (range, 7.5-13 years) by a hand-

wrist radiograph. 

El et al. 45 

(2014)  

Turkey Retrospective 

controlled 

study 

35 20 15 14.02±1.46 35 Pts, 

14.10±1.44 years 

old 

YES Inclusion criteria: complete records; Hyrax 

expander as part of the treatment provided. 

Exclusion criteria: history of craniofacial 

deformities; extraction treatment plan; 

pharyngeal pathology and/or nasal obstruction; 

snoring; obstructive sleep apnea; adenoidectomy 

and tonsillectomy; any CBCT scans, in which 

the airways were not clear, not fully contained in 
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the volume, or contained artifacts. 

Caprioglio and 

Fastuca 32, 33, 35 

(2014, 2015)  

Italy Prospective 

cohort study 
32, 35; 

Retrospective 

study 33  

15 35; 

14 32, 33; 

11 4 7.5 ± 0.3 35;  

Mean: 7.1 32, 33  

NO YES Inclusion criterial: 6 to 9 years old; CVM  stage 

1; Class I; unilateral functional posterior 

crossbite; upper and lower first molars erupted. 

Exclusion criterial: systemic diseases; previous 

orthodontic treatment; asymmetries. 

Fastuca et al. 

34 (2015)  

Italy Prospective 

cohort study 

22 9 13 8.3±0.9  NO YES Inclusion criteria: good general health; narrow 

maxillary arches, presence of uni- or bilateral 

posterior crossbite; CVM stage 1 or 2,  upper 

and lower first molars fully erupted. 

Fastuca et al. 

46 (2017)  

Italy Retrospective 

cohort study 

44 20 24 Male: 8y 

8 m ± 1y 2 m; 

Females: 8y 2 m 

± 1y 4 m 

NO YES Inclusion criterial: good general health; CVM 

stage 1 or 2; transverse maxillary deficiency 

with uni- or bilateral crossbite treated by RME; 

complete initial and final records including CT 

scans, photographs, dental casts, and medical 

history forms. 

Exclusion criterial: systemic diseases and 

craniofacial syndromes; severe facial 

asymmetry; dental anomalies; naso-pharyngeal 

diseases; history of nasal or tonsil surgery, or 

orthodontic treatment prior to RME. 

Gorgulu et al. 
47 (2011)  

Turkey Prospective 

cohort study 

15 9 6 13.86±1.4; 

Range: 12-16. 

NO YES Inclusion criterial: constricted maxillary arches 

with or without cross bite and full permanent 
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dentitions. 

Exclusion criterial: patients with any sign of 

fluid accumulation in the maxillary sinus CBCT 

image. 

Haralambidis 

et al. 48 (2009)  

Turkey Prospective 

cohort study 

24 10 14 Mean: 14.5  NO YES Inclusion criterial: 10-17 years old; transverse 

maxillary deficiency with bilateral posterior 

crossbite; complete permanent dentition. 

Exclusion criterial: no systemic disease; no 

previous orthodontic treatment. 

Iwasaki et al. 
49 (2012)  

Japan Prospective 

cohort study 

23 9 14 Mean: 9.74 NO YES Exclusion criterial: patients who had previous 

orthodontic treatment, craniofacial, or growth 

abnormalities. 

Iwasaki et al. 

50 (2013)  

Japan Retrospective 

controlled 

study 

28 13 15 Mean: 9.96 20 Pts, 9.68±1.02 

years old 

YES Inclusion criteria: Class II skeletal relationship. 

Exclusion criterial: previous orthodontic 

treatment; craniofacial or growth abnormalities; 

enlarged adenoids or tonsils. 

Izuka et al. 51 

(2015)  

Brazil Prospective 

cohort study 

25 11 14 Mean:10.5, 

range: 7.1-14.3  

NO YES Children with maxillary atresia and posterior 

crossbite, as revealed by clinical examination 

performed by a single experienced orthodontist. 

Kavand et al. 

57 (2019) 

USA Retrospective 

study 

Tooth-

borne: 

18 

8 10 Mean:14.4±1.3 No YES Inclusion criteria: 11 to 15 years old. 

Exclusion criteria:  previous orthodontic 

treatment, or adenoidectomy or tonsillectomy; 
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Bone-

borne: 

18 

6 12 Mean: 14.7±1.4 TMD; periodontal diseases; systemic diseases; 

craniofacial anomalies; active caries. 

Li et al. 22 

(2015)  

China Prospective 

cohort study 

35 18 17 12.1±1.1  NO YES Inclusion criteria: full permanent dentition 

erupted; narrow maxilla; uni- or bilateral 

crossbite;  patients at a stage prior to the pubertal 

growth peak ; clear and complete CBCT records. 

Exclusion criterial: cleft lip and/or palate; facial 

damage; issues with trauma, adenoids or other 

factors affecting craniofacial development 

Lofti et al. 58 

(2018) 

USA Retrospective 

study 

Group 

A: 20 

8 12 Mean: 12.3 ± 

1.9 

NO YES Inclusion criteria: bilateral crossbite, complete 

medical and dental records; 3D CBCT; full 

anatomy of the airway to the level of fourth CV 

present in the scans; RME as a part of 

comprehensive orthodontic treatment. 

Group 

B: 20 

10 10 Mean: 13.8 ± 

1.3 

Luo et al. 23 

(2017)  

China Prospective 

cohort study 

30 8 22 13.13±1.45 NO N/A Inclusion criteria: transverse maxillary 

deficiency with bilateral posterior crossbite; 

patients at a stage prior to the pubertal growth 

peak; clear and complete CBCT records. 

Exclusion criteria: craniofacial trauma tumor, or 

abnormalities; TMD; cleft lip and/or palate; 

enlarged adenoids or tonsils, no adenoidectomy 

or tonsillectomy; history of other orthodontic 

treatment prior to RME. A
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Motro et al. 52 

(2016)  

USA/Germa

ry 

Retrospective 

cohort study 

31 12 19 Mean: 14.63; 

range: 11-23. 

NO YES Inclusion criteria: nasomaxillary constriction and 

a successful expansion; low-dose CT available at 

T1 and T2. 

Exclusion criteria: a need for supplementary 

surgical weakening; a lack of suitable 3D 

images; a discontinuous active expansion phase. 

Pangrazio-

Kulbersh et al. 
53 (2012)  

USA Prospective 

cohort study 

Banded: 

13 

7 6 12.6±1.8  NO YES Inclusion criteria: constricted maxillary arch 

(with or without crossbite); full permanent 

dentition. 

     Bonded: 

10 

5 5 13.5±2.1     

Ribeiro et al. 

54 (2012)  

Brazil Retrospective 

cohort study 

15 7 8 Mean: 7.5  NO YES Inclusion criteria: transverse maxillary 

deficiency; unilateral posterior crossbite. 

Smith et al. 55 

(2012)  

USA/Egypt Prospective 

cohort study 

20 8 12 Mean: 

12.37. 

NO YES Inclusion criteria: 8 to 15 years old; bilateral 

maxillary constriction. 

Exclusion criteria: previous orthodontic or 

orthopedic treatment; systemic diseases, 

craniofacial anomalies, or TMD; tonsillectomy 

or adenoidectomy; carious, gingival, or 

periodontal lesions; metallic restorations; RME 

planned as a part of comprehensive orthodontic 

treatment. A
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Pts: patients; PSG: Polysomnography; CV: cervical vertebral; CVM: cervical vertebral maturation; N/A: information not available; TMD: 

temporomandibular joint disorders. 

Table 1b: Study Characteristics-Intervention 

  Study 

Treatment 

Retention 

Evaluation time points The expansion 

of mid-palatal 

suture  Appliance Active protocol Duration 

Abdalla et al. 38 

(2019) 

Tooth-borne Hyrax-

type expander 

0.25 mm per day Minimum of 2 weeks Retention period of 6 months, 

after which some of the RME 

patients continued with fixed 

appliances. 

1st TP: pretreatment 

2nd TP: The end of active 

treatment 

N/A 

Almuzian et al. 39 

(2016) 

A cast-cap appliance 

with a Hyrax screw  

A quarter turn (approximately 

0.25 mm), twice/d until OE 

achieved. 

The mean period for the 

active phase was 14 days with 

a range of 12 - 21 days. 

N/A  1st TP: pretreatment 

2nd TP: immediate 

posttreatment 

N/A 

Zeng et al. 56 

(2013)  

China Prospective 

cohort study 

16 10 6 12.73±1.7 NO YES Inclusion criteria: Constricted maxilla with or 

without posterior crossbite, upper first premolars 

and first molars erupted. 

Exclusion criteria: above 15 years old, severe 

adenoid or tonsil hypertrophy, severe 

periodontal disease, other simultaneous 

orthodontic treatment, history of systemic 

disease or presence of a craniofacial congenital 

syndrome  
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Badreddine et al. 40 

(2017) 

Hyrax maxillary 

expander  

Six quarter initial activations 

and two quarter daily 

activations 

Until the superior buccal bone 

seems compatible with 

inferior WALA edge. 

Appliances kept in place for a 

period of 3 months, as a retainer 

1st TP: pretreatment 

2nd TP: 3 months after 

expansion 

N/A 

Ballanti et al. 36, 37 

(2008, 2010) 

Butterfly-shaped 

expander 

A quarter turn (0.25mm), 

twice/d 

14 days Screw tied off with a ligature 

wire and the expander kept on 

teeth as a passive retainer for 6 

months. 

1st TP: pretreatment 

2nd TP: immediate 

posttreatment 

3rd TP: after the 6 months’ 

retention period  

Anterior, 

middle, and 

posterior  

suture width 

after RME 

Baratieri et al. 41 

(2014) 

Haas expander At delivery, expander activated 

by one complete turn (0.8 mm).  

After initial activation, quarter 

turn/d in the morning and in the 

evening.  

Until the required expansion 

was achieved (according to 

the individual skeletal defi-

ciency). 

Mean screw activation was 7 

mm (5.6 mm - 9 mm). 

Screw was stabilized with 

0.012-in double thread ligature 

and kept in place passively for 6 

months of retention when the 

expander was removed. 

1st TP: pretreatment  

2nd TP: one year after 

expansion 

N/A 

Cappellette  et al. 42 

(2017) 

Hyrax expander Two daily activations 15-20 days The appliance was kept in place 

for about 3 months; removed 

after bone formation was 

observed through occlusal 

radiographs 

1st TP: pretreatment  

2nd TP:  3 months after the 

first measurement 

N/A 

Chang et al. 43 (2013) Hyrax expander One quarter turn /d 28 consecutive days or until 

resolution of the posterior 

crossbite. 

Tying off the jackscrew with a 

ligature wire, placing composite 

material over it. 

1st TP: pretreatment  

2nd TP: 3-4 months after 

expansion 

N/A 
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Chang et al. 21 (2017) Group A: Hyrax 

expander 

0.5 mm/d;  2 weeks N/A 1st TP: pretreatment  

2nd TP: posttreatment 

N/A 

 Group B: Hyrax 

expander 

Expansion: 0.5 mm/d, 2 weeks; 

then constriction: 0.5 mm/d, 2 

weeks 

10 weeks    

Christie et al. 44 

(2010) 

Bonded Haas-type 

RPE 

Twice/d (0.4mm) 30 days (range, 21-42 days) N/A 1st TP: pretreatment  

2nd TP: immediately after 

expansion 

The suture 

opening for 

the maxillary 

first molar, 

the second 

premolar, first 

premolar, and 

canine 

El et al. 45 (2014) Hyrax expander Twice/d Until dental Oc Screws stabilized, and expander 

left passively in place for 4–6 

months. 

1st TP: pretreatment  

2nd TP: posttreatment 

N/A 

Caprioglio and 

Fastuca 32, 33, 35 (2014, 

2015) 

Banded Haas-type 

expander 

Twice (0.45mm) at first, then 

once/d (0.225mm) 

Until dental Oc At the end of active expansion 

period, screw locked with light-

cure flow composite. 

1st TP: pretreatment  

2nd TP: after the removal 

of the maxillary expander 

12 months later 

N/A 

Fastuca et al. 34 

(2015) 

Banded Haas-type 

expander 

The expander was initially 

turned twice (0.45-mm initial 

transverse activation). 

Until dental Oc Screw locked with a light-cured 

composite; the expander 

remained on teeth as passive 

1st TP: pretreatment  

2nd TP: immediately after 

the removal of the 

N/A 
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Afterwards, once/d (0.225/d). retainer for a 12 months period. maxillary expander, 12 

months later 

Fastuca et al. 46 

(2017) 

HX-6 Group (Hyrax  

expander anchored to 

permanent teeth): 15 

patients;  

Initially turned eight times; 

afterwards three times/d 

Until the dental Oc Screw stabilized and expander 

passively kept in situ. Retention 

period of at least 7 months. 

1st TP: pretreatment  

2nd TP: after the 6 

months’ retention period  

N/A 

 HX-E Group 

(Modified Hyrax 

expander anchored to 

deciduous teeth): 14 

patients;  

In both groups, HX-E and HS-

E, the screw was initially 

activated twice by the clinician; 

after that, it was turned once or 

twice/d 

    

 HS-E Group 

(Modified Haas-type 

expander anchored to 

deciduous teeth): 15 

patients 

    

Gorgulu et al. 47 

(2011) 

Bonded RME A quarter turn (0.25mm) 

twice/d 

Until the desired expansion 

was obtained. 

N/A 1st TP: pretreatment  

2nd TP: 6 months after the 

end of expansion 

N/A 

Haralambidis et al. 48 

(2009) 

Bonded Hyrax 

expander  

Twice/d 23.7 days The screw was secured with a 

stainless-steel ligature wire, and 

the RME appliance was left in 

place for 3 months as a 

retention appliance. 

1st TP: pretreatment  

2nd TP: at the end of the 

3-month retention period. 

N/A 
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Iwasaki et al. 49 

(2012) 

RME (unspecified) approximately 5mm of 

maxillary expansion  

N/A N/A 1st TP: before expansion  

2nd TP: after expansion 

N/A 

Iwasaki et al. 50 

(2013) 

RME (unspecified) approximately 5mm of 

maxillary expansion  

N/A No passive retention appliance 

was used before full orthodontic 

treatment 

1st TP: before expansion  

2nd TP:  after expansion 

N/A 

Izuka et al. 51 (2015) Modified Biederman Four activations when appliance 

installed, then twice/d 

Until dental Oc N/A 1st TP: pretreatment  

2nd TP:  immediate after 

expansion 

N/A 

Kavand et al. 

57(2019) 

Hyrax expander A quarter turn (0.25mm) 

twice/d 

Until the mesiopalatal cusps 

of the maxillary first 

permanent molars were in 

contact with the buccal cusps 

of mandibular first permanent 

molars  

N/A 1st TP: pretreatment  

2nd TP: 3 months after 

expansion 

N/A 

Li et al. 22 (2015) Hyrax expander A quarter turn (0.25mm) 

twice/d 

16 days N/A 1st TP: pretreatment  

2nd TP: 16 days after 

expansion  

3rd TP: 3 months after 

expansion 

N/A 

Lofti et al. 58 (2018) Hyrax expander Group A: 0.2 mm, four times/d Until the required amount of 

expansion was achieved and 

Appliance left in situ as a 

passive retainer for three 

1st TP: pretreatment 

2nd TP: 3 months after 
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palatal cusp of maxillary first 

molar was in contact with 

buccal cusp of mandibular 

first molar. 

months. expansion 

Group B: 0.25 mm, twice/d   

Luo et al. 23 (2017) Hyrax expander A quarter turn (0.025mm) 

twice/ d 

14-28 days, until dental Oc N/A 1st TP: pretreatment  

2nd TP: posttreatment 

N/A 

Motro et al. 52 (2016) 5 patients were treated 

with a Hyrax 

expander; 

6 with Hybrid RME; 

and 20 with acrylic 

cap RME. 

No active protocol given N/A N/A 1st TP: pretreatment  

2nd TP: immediately after 

expansion 

N/A 

Pangrazio-Kulbersh 

et al. 53 (2012) 

Hyrax expander 

 

N/A 4-6 weeks, with 6-10 mm of 

activation 

6 months 1st TP: pretreatment  

2nd TP: immediately after 

expansion 

N/A 

Ribeiro et al. 54 

(2012) 

A fixed appliance with 

occlusal acrylic 

coating 

N/A N/A N/A 1st TP: before treatment  

2nd TP: 4 months after 

expansion 

N/A 

Smith et al. 55 (2012) Hyrax expander 2 turns twice/d (0.8mm/d) Until the palatal cusps of the 

maxillary first molars 

contacted the buccal cusps of 

N/A 1st TP: before treatment  

2nd TP: 3 months after 

treatment 

N/A 
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the mandibular f irst molars. 

Zeng et al. 56 (2013) Hyrax expander  2 turns/d The active expansion period 

ranged from 2 to 3 weeks 

according to the expansion 

amount (2.7–6.3 mm). 

Then the screw was locked with 

the light-cured composite. The 

retention period lasted 3 

months. 

1st TP: pretreatment  

2nd TP: 3 months after 

expansion 

N/A 

TP: time point; RME: Rapid maxillary expansion; OE: over-expansion; N/A: not available; d: day; RME: rapid maxillary expansion; Oc: over-correction.
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Table 1c: Study Characteristics-Analysis  

Study 3D imaging Scanning setting 

parameters 
Analysis software Segmentation Nasal cavity boundary Airway Analysis 

Reference 

horizontal 

plane 

Measured 

region 

Dentoskeletal 

expansion 

outcome 

Abdalla et 

al.38 (2019) 

CBCT (i-CAT; 

Imaging Sciences 

International, 

Hatfield, Pa, 

USA) 

120 Kv, 5mA, FOV: 

13cm x16 cm, voxel 

size: 0.4mm, scan 

time: 8.9s.  

Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

Automatic 

segmentation. 

Threshold manually 

adjusted if 

necessary for each 

data set. 

N/A Total airway: from 

Palatal plane to 

CV4AS – Me plane 

FH Total airway Maxillary width; 

Maxillary 

intermolar width; 

Mandibular width.   

Almuzian et 

al. 39 (2016) 

CBCT (i-CAT; 

Imaging Sciences 

International, 

Hatfield, Pa, 

USA) 

N/A OnDemand3D 

(Cybermed, 

Seoul, Republic 

of Korea) and 

ITK-SNAP 

Automatic and 

manual 

segmentation.  

Anteriorly: vertical 

plane passing through 

ANS; 

Posteriorly: PNSV 

plane; 

Superiorly: LOrH 

plane; 

Inferiorly: Inferior 

nasal wall 

Upper nasopharynx: 

LOrH plane- 

horizontal plane 

passing through PNS; 

Lower retropalatal 

space: PNS – Spip 

(Most inferior-

posterior point of soft 

palate shadow as 

viewed from the axial 

section); 

FH Lower nasal 

cavity;  

Upper 

nasopharynx;  

Retropalatal 

N/A 

Badreddine 

et al. 40 

(2017) 

CT (Philips 

Brilliance CT 64 

channel scanner) 

FOV:20 cm, voxel 

size: 0.25 mm 

OsiriX MD 

(Pixmeo, Geneva, 

Switzerland) 

N/A N/A N/A N/A Nasal cavity 

width 
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Ballanti et 

al. 36, 37 

(2008, 2010) 

CT (General 

Electric?) 

80 Kv, 100 mA, FOV: 

13.7cm, voxel size: 

1.25 mm, matrix: 512 

x 512, 0.6-mm 

interval, and 0o gantry 

angle 

Dentascan 

(Milwaukee, Wis) 

N/A N/A N/A N/A Nasal cavity 

width 

 

Baratieri et 

al. 41 (2014) 

CBCT (i-CAT; 

Imaging Sciences 

International, 

Hatfield, Pa, 

USA) 

120 KVp, 5 mA, 

FOV: 16x22 cm, 

voxel size: 0.4mm  

Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

N/A N/A N/A N/A Nasal cavity 

area 

 

Cappellette  

et al. 42 

(2017) 

CT  (Philips® 

Brilliance CT 

scanner 64 

channels) 

N/A Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

N/A N/A N/A N/A Nasal cavity; 

Oropharyngeal 

 

Chang et al. 

43 (2013) 

CBCT, Scanora 

3D (Soredex, 

Tuusula, Finland) 

125 mSv, FOV: 

14.5cm x 13.0cm; 

voxel size: 0.35 mm; 

scan time: 20 sec; 

effective radiation 

time of 4.5s. 

Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

Fixed value: 60 

units (?), or 50 units 

(in 2 cases); 

Segmentation 

procedure not well 

specified 

N/A Retropalatal: PNS to 

soft palatal; 

Retroglossal: soft 

palatal – epiglottis 

Total airway: 

Retropalatal+Retroglo

ssal 

on the 

midsagittal 

image as the 

horizontal 

line 

connecting 

the PNS to 

Ba 

Retropalatal; 

Retroglossal;  

Total upper 

airway 
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Chang et al. 

21 (2017) 

CBCT 

(VATECH, 

Korea)   

90 Kv, 7mA, FOV: 

20cm x 19 cm, voxel 

size: 0.4mm, scan 

time: 15s 

Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

N/A Anterior: ANS to the 

tip of the nasal bone 

to N; 

Posterior: S to PNS; 

Superior: N to S; 

Inferior: ANS to the 

PNS. 

Nasopharynx: PNS-S 

to PNS-Odp 

Oropharynx: PNS-

Odp to CV4SP-the 

base of the epiglottis 

Hypopharynx: the 

base of the epiglottis-

CV4SP to the inferior 

border of the 

symphysis-CV4PI. 

N/A Nasal cavity; 

Nasopharygeal; 

Oropharyngeal; 

Hypopharyngeal  

 

Christie et 

al. 44 (2010) 

CBCT (i-CAT; 

Imaging Sciences 

International, 

Hatfield, Pa, 

USA) 

N/A Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

N/A N/A N/A N/A Nasal cavity 

width 

 

El et al. 45  

(2014) 

CBCT (Hitachi 

Medical Systems 

America Inc, 

Twinsburg, Ohio) 

120 Kv, 2 mA, FOV: 

12-inch (F Mode). 

Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

N/A N/A Nasopharynx: the last 

slice before the nasal 

septum fuses with the 

posterior wall of the 

pharynx to PP;  

Oropharynx: PP to 

CV2AI. 

line passing 

from PP 

Posterior airway 

space(mm); 

MinAx(mm2), 

Oropharynx; 

Nasopharynx 
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Caprioglio 

and Fastuca 
32, 33, 35 

(2014, 2015) 

CBCT (i-CAT; 

Imaging Sciences 

International, 

Hatfield, Pa, 

USA) 

120 KV, 3.8 mA, scan 

time: 30 s 

Mimics 

(Materialise 

Medical Co, 

Leuven, Belgium) 

The airway region 

were segmented 

using a threshold-

based procedure 

manually executed 

and corrected slice 

by slice. 

Upper airway: 

between the edges of 

the nasal bones and 

ethmoid bone from 

nares to the PNSV 

plane; 

 

Middle airway: PNSV 

to Odp plane;  

Lower airway: OdP 

plane to epiglottis. 

Total airway: Upper 

airway + Middle 

airway + Lower 

airway 

FH Upper airway; 

Middle airway; 

Lower airway; 

Total airway 

 

Fastuca et al. 
34 (2015) 

CBCT (i-CAT; 

Imaging Sciences 

International, 

Hatfield, Pa, 

USA) 

120 KV, 3.8 mA, scan 

time: 30 s 

Mimics 

(Materialise 

Medical Co, 

Leuven, Belgium) 

The airway region 

were segmented 

using a threshold-

based procedure 

manually executed 

and corrected slice 

by slice. 

N/A Total airway: nares to 

the base of tongue  

N/A Total airway  

Fastuca et al. 

46 (2017) 

low-dose CT 

(Philips Medical 

Systems, Best, 

The Netherlands) 

or CBCT (i-CAT; 

Imaging Sciences 

International, 

Hatfield, Pa, 

USA) 

Low-dose CT: 80 Kv, 

28 mAs, Pitch 1, 

CDTIVol 2.5 mgy 

CBCT: 120 KV, 3.8 

mA, scan time: 30 s  

Mimics 

(Materialise 

Medical Co, 

Leuven, Belgium) 

N/A N/A N/A N/A Nasal cavity 

width 
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Gorgulu et 

al. 47 (2011) 

CT (MX 8000 

IDT Multislice 

CT System-V 2.5; 

Philips Medical 

Systems, Best, the 

Netherlands) 

120 kV; 200 mAs 16 

x 0.75-mm detector 

collimation (pitch, 

0.6); 1-mm slice 

thickness; 0.5-mm 

increments; 0.75-

second rotation time 

Mimics and 

Simplant Ortho 

software program 

(both, Materialise, 

Leuven, Belgium) 

Segmentation was 

performed by using 

the software’s 

threshold feature on 

each slice or on the 

direct 3D virtual 

model. 

Nasal cavity segments 

were restricted to the 

ostium of the 

paranasal sinuses, the 

posterior airway, and 

the nostrils. 

N/A N/A Nasal cavity  

Haralambidi

s et al. 48 

(2009) 

CT (Siemens 

Sensation 40, 

Siemens Medical 

Solutions, 

Germany) 

120 KV, 80 mAs, 

FOV: 12.6 cm, voxel 

size: 0.3mm matrix: 

512 x 512 pixels. 

Mimics 

(Materialise 

Medical Co, 

Leuven, Belgium) 

Manual 

segmentation. No 

detail for threshold. 

N/A N/A N/A Anterior nasal 

cavity 

 

Iwasaki et 

al. 49 (2012) 

CBCT (CB 

MercuRay, 

Hitachi Medical, 

Tokyo, Japan) 

Maximum120Kv, 15 

mA, and exposure 

time of 9.6s. 

INTAGE Volume 

Editor 

(CYBERNET, 

Tokyo, Japan) 

Manual 

segmentation. No 

detail for threshold. 

N/A N/A N/A Nasal cavity 

width 

 

Iwasaki et 

al. 50 (2013) 

CBCT (CB 

MercuRay; 

Hitachi Medical, 

Tokyo, Japan) 

Maximum120 kV, 15 

mA, and exposure 

time of 9.6s. 

INTAGE Volume 

Editor 

(CYBERNET, 

Tokyo, Japan) 

 

Manual 

segmentation. No 

detail for threshold. 

The nasal airway: 

From the external 

nares to the choanae, 

including the 

paranasal sinuses. 

Retropalatal: From PP 

to soft palatal plane. 

Oropharyngeal: From 

soft palatal to EP 

plane. 

Intraoral airway: 

between the tongue 

and palate was 

measured as an 

PP Intraoral 

airway; Total 

pharyngeal;  

Retropalatal; 

Oropharyngeal  
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indication of vertical 

tongue position. 

Izuka et al. 
51 (2015) 

CBCT (Kavo i-

Cat) 

120 kVp, 8 mA, voxel 

size: 0.3 mm, scan 

time: 20s 

Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

N/A Nasopharynx and 

nasal cavities:  

Upper: the last axial 

slice before the fusion 

of the nasal septum 

with the pharyngeal 

wall observed at 

sagittal view;  

Lower: PP;  

Posterior: the 

posterior pharyngeal 

wall;  

Anterior: the nasal 

cavities. 

Oropharynx: PNS to 

the most anterior 

point of CV2. 

PP Nasopharynx 

and nasal 

cavities; 

Oropharynx 

 

Kavand et 

al. 57 (2019) 

CBCT (Imaging 

Sciences 

International, 

Hartfield, PA) 

120Kv, 20mA, voxel: 

0.3mm, scan time: 

8.9s. 

Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

N/A Anterior: ANS to the 

tip of the nasal bone 

to N; 

Posterior: S to PNS; 

Superior: N to S; 

Inferior: ANS to the 

Nasopharynx: PNS-S 

to PNS-Odp. 

Oropharynx: PNS- 

Odp to Odp-CV3AI to 

CV3AI-Me to Me-

PNS 

FH Nasal cavity; 

Nasopharynx; 

Oropharynx 
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PNS. 

Li et al. 22 

(2015) 

CBCT 

(DCTORO-45, 

Vatech, Korea)  

85Kv, 8mA, voxel 

size: 0.1-0.3 mm, 

exposure time of 24 

seconds 

EzImplant N/A N/A Nasopharynx: the last 

slice before the nasal 

septum fuses with the 

posterior wall of the 

pharynx to PP 

Oropharynx: PNS to 

CV3AI 

N/A Nasopharynx; 

Oropharynx 

 

Lofti et al. 58 

(2018) 

CBCT (i-CAT; 

Imaging Sciences 

International, 

Hatfield, Pa, 

USA) 

120 kV, 20 mA, FOV: 

17 cm x 23 cm, voxel 

size: 0.3 mm, scan 

time: 8.9 s. 

Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

N/A Anterior: ANS to the 

tip of the nasal bone 

to N; 

Posterior: S to PNS; 

Superior: N to S; 

Inferior: ANS to the 

PNS. 

Nasopharynx: PNS-S 

to PNS-Odp 

Oropharynx: PNS-

Odp to CV4SP-the 

base of the epiglottis 

Hypopharynx: the 

base of the epiglottis-

CV4SP to the inferior 

border of the 

symphysis-CV4PI. 

FH Nasal cavity; 

Nasopharynx; 

Oropharynx; 

Hypopharynx 

 

Luo et al. 23 

(2017) 

CBCT 

(NEWTOM 3G) 

N/A Dolphin (Dolphin 

Imaging and 

Management 

N/A N/A Nasopharynx: the last 

slice before the nasal 

septum fuses with the 

FH Nasopharynx; 

Oropharynx; 
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Solutions, 

Chatsworth, Calif) 

posterior wall of the 

pharynx to PP; 

Oropharynx: PP to 

CV2AI/FH; 

Hypopharynx: 

CV2AI/FH to 

CV3AI/FH  

Hypopharynx 

Motro et al. 

52 (2016) 

low-dose CT 

(N/A) 

N/A Mimics 

(Materialise 

Medical Co, 

Leuven, Belgium) 

The airways were 

segmented using a 

defined density unit 

(HU) of 1000. 

N/A N/A N/A Total airway; 

Nasopharynx; 

Oropharynx; 

Laryngopharynx 

 

Pangrazio-

Kulbersh et 

al. 53 (2012) 

CBCT (N/A) N/A Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

N/A N/A PNS to the epiglottis. N/A Maxillary 

sinuses; 

Posterior 

Airway 

 

Ribeiro et al. 

54 (2012) 

CBCT (i-CAT; 

Imaging Sciences 

International, 

Hatfield, Pa, 

USA) 

N/A Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

N/A N/A Nasopharynx: PNS to 

VP, horizontal 

extension point VP 

and vertical extension 

point ENP (VA), Ba, 

PPINf, and PAINf; 

Oropharynx: the 

upper limit of the 

epiglottis was 

PP Nasopharynx; 

Oropharynx 
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identified in the 

coronal plane, cut as 

this is in its greatest 

length, and its 

uppermost portion 

was landmarked.  

Smith et al. 
55 (2012) 

Spiral CT 

(Xvision EX; 

Toshiba Medical 

Systems, 

Otawara-Shi, 

Japan) 

120Kv, 20mA, FOV: 

25cm, voxel size: 

0.4mm, and 2 seconds 

per section 

Dolphin (Dolphin 

Imaging and 

Management 

Solutions, 

Chatsworth, Calif) 

N/A Anterior: ANS to the 

tip of the nasal bone 

to N; 

Posterior: S to PNS; 

Superior: N to S; 

Inferior: ANS to the 

PNS. 

Nasopharynx: PNS-S 

to PNS-Opd 

Oropharynx: PNS -

Opd to CV4sp-the 

base of the epiglottis 

Hypopharynx: the 

base of the epiglottis-

CV4ps to the inferior 

border of the 

symphysis-CV4pi. 

N/A Nasal cavity; 

Nasopharynx; 

Oropharynx; 

Hypopharynx 

 

Zeng et al. 56 

(2013) 

CBCT 

(DCTPRO-050Z, 

VATECH Co, 

Ltd, Korea) 

N/A Ez3D2009 (E-

WOO Technology 

Co, Ltd. Korea) 

N/A NV: Multiply the 

palatal length (ANS-

PNS) by the average 

area of cross-section 

1–3 of the lower 

portion of the nasal 

cavity. 

Multiply the 

pharyngeal airway 

length by the average 

cross-sectional area. 

N/A Lower nasal 

cavity; 

Nasopharynx; 

Oropharynx 

 

FOV: field of view; N/A: not available; CV: cervical vertebra; AS: anterior-superior; Me : menton; FH: Frankfort plane; ANS: anterior nasal spine; PNS: 

posterior nasal spine; PNSV plane: True vertical plane (a reference plane constructed vertical to the floor at any point) passing through PNS; LOrH plane : 
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True horizontal plane tangent to lowest point of the left inferior orbital floor; Ba: basion; Odp: the tip of the odontoid process; N: nasion; S: Sella; VP: vomer 

posterior; SP: superior- posterior; PI: posterior-interior; PP: palatal plane (through ANS and PNS); AI: anterior-interior; MinAx: area of the most constricted 

region at the base of the tongue; Odp plane : a plane passing through the middle point of odontoid process of second cervical vertebra and parallel to axial 

reference plane; EP plane : the horizontal line passing through the most superior point of the epiglottis; PPINF: located 15 mm posterior to the lower limit of 

the uvula; PAINf: located 15 mm above the lower limit to the uvula;. 

Table 2a: Risk of bias assessment of the included randomized clinical trial 

Study Adequate sequence 

generation 

Allocation 

concealment  

Blinding Incomplete outcome 

data 

Selective reporting Blinding of outcome 

assessment 

Other bias 

Chang et al. 21 

(2017) 

Low risk Low risk High risk Low risk Low risk Low risk  Moderate risk 

 

 

Table 2b: Risk of bias assessment of the included non-randomized studies (max score=16 points) 

Study [SD] [R] [SS] [SC] [C]  [FU] [OB] [DO] [IV] [A ] [B]  [RE] [S] [ST] [DP] [Con.] Total 
% 

score 

Abdalla et al.38 (2019) 0 0 1 1 1 0 1 0 1 1 0 1 1 1 1 1 11 69 

Almuzian et al. 39 (2016) 1 0 0 1 0 0 1 0 1 1 0 1 0 1 0 1 8 50 

Badreddine et al. 40 (2017) 0 0 1 0 1 1 1 0 1 1 0 1 0 1 1 1 10 63 

Ballanti et al. 36, 37 (2008, 

2010) 
1 0 0 1 0 1 1 0 1 1 0 1 0 1 1 1 10 63 

Baratieri et al. 41 (2014) 1 1 1 0 1 1 1 0 1 1 1 1 0 1 1 0 12 75 

Cappellette  et al. 42 (2017) 1 0 1 1 1 1 1 0 1 1 0 0 0 1 1 0 10 63 
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Chang et al. 43 (2013) 1 0 0 1 0 0 1 0 1 1 0 1 1 1 1 1 10 63 

Christie et al. 44 (2010) 1 0 1 0 0 0 1 0 1 1 0 1 0 0 0 0 8 50 

El et al. 45 (2014) 0 0 1 1 1 0 1 1 0 1 0 1 0 1 1 1 11 69 

Caprioglio and Fastuca 32, 33, 35 

(2014, 2015) 
0 0 0 1 0 1 1 1 1 1 0 1 1 1 0 1 10 63 

Fastuca et al. 34 (2015) 1 0 1 1 0 1 1 0 1 1 0 1 1 1 0 1 11 69 

Fastuca et al. 46 (2017) 0 0 1 1 0 0 1 0 1 1 0 1 0 1 1 0 8 50 

Gorgulu et al. 47 (2011) 1 0 0 0 0 0 1 0 1 1 0 1 1 1 1 1 9 56 

Haralambidis et al. 48 (2009) 1 0 1 1 0 0 1 0 1 1 0 1 1 0 1 1 10 63 

Iwasaki et al. 49 (2012) 1 0 1 0 0 0 1 0 0 1 0 1 1 0 1 0 7 44 

Iwasaki et al. 50 (2013) 0 0 1 1 1 0 1 0 0 1 0 1 1 1 1 0 9 56 

Izuka et al. 51 (2015) 1 0 1 0 0 0 1 0 1 1 0 0 0 0 1 0 7 44 

Kavand et al. 57 (2019) 0 0 0 1 0 1 1 0 0 1 0 0 0 0 1 1 6 38 

Li et al. 22 (2015) 1 0 1 1 0 1 1 0 1 0 0 0 0 1 1 1 9 56 

Lofti et al. 58 (2018) 0 0 1 0 0 0 1 0 1 1 0 1 0 1 1 0 7 44 

Luo et al. 23 (2017) 1 0 1 1 0 0 1 1 1 0 0 0 0 1 1 1 9 56 

Motro et al. 52 (2016) 0 0 1 1 0 0 1 0 0 0 0 1 1 1 1 1 8 50 

Pangrazio-Kulbersh et al. 53 

(2012) 
1 1 1 0 0 0 1 0 0 1 0 1 0 0 1 0 7 44 

Ribeiro et al. 54 (2012) 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 3 19 

Smith et al. 55 (2012) 0 0 1 1 0 0 1 0 1 1 0 1 0 1 1 0 8 50 

Zeng et al. 56 (2013) 1 0 0 1 0 0 1 0 1 0 0 1 0 1 1 0 7 44 

Total 15 2 16 15 5 7 22 3 17 19 1 18 8 18 19 12 / / 
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[SD]: Study design; [R]: Randomization; [SS]: Sample Size; [SC]: Selection criteria; [C]: Control; [FU]: Follow-up; [OB]: Objective; [DO]: Dropouts; [IV]: Intervention; [A]: Analysis; 

[B]: Blinding; [RE]: Reliability; [S]: Segmentation; [ST]: Statistical; [DP]: Data Presentation; [Con.]: Conclusion 

 

 

Table 3c: Quality assessment and summary of findings across studies (GRADE) 

Quality assessment  Summary of findings  

Number 

of studies 

Study design Risk of 

bias 

Inconsistency Indirectness Imprecision Publication bias  

(Egger’s test) 

 Number of 

patients 

Difference in 

means (95% CI) 

Quality 

Nasal cavity volume changes after expansion 

2 Observational 

studies 

Serious Not serious  

(I2 = 0.0%, P = 0.499) 

Not serious Not serious N/A  35 1224 mm3  

[-278, 2726] 

⨁⨁⨁◯ 

Moderate 

Nasal cavity volume changes after retention (follow up: range 3 to 12 months) 

6 Observational 

studies 

Serious Not serious  

(I2 = 0.0%, P = 0.910) 

Not serious Not serious Not serious 

(P = 0.110) 

 142 1604 mm3  

[-891, 2318] 

⨁◯◯◯ 

Very low  

Nasopharynx volume changes after expansion 

5 Observational 

studies 

Not serious Not serious  

(I2 = 27.6%, P = 0.238) 

Not serious Not serious Not serious 

(P = 0.990) 

 135 829 mm3  

[441, 1217] 

⨁⨁⨁◯ 

Moderate 

Nasopharynx volume changes after retention (follow up: 3 months) 

5 Observational 

studies 

Serious Not serious  

(I2 = 28.0%, P = 0.224) 

Not serious Not serious Not serious 

(P = 0.544) 

 147 492 mm3  

[70, 913] 

⨁⨁⨁◯ 

Moderate 

Oropharynx volume changes after expansion 

6 Observational 

studies 

Serious Serious  

(I2 = 56.5%, P = 0.042) 

Not serious Not serious Not serious 

(P = 0.478) 

 139 1424 mm3  

[197, 2651] 

⨁⨁◯◯ 

Low 

Oropharynx volume changes after retention (follow up: 3 months) 

7 Observational Serious Not serious  Not serious Not serious Not serious  184 579 mm3  ⨁◯◯◯ 
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studies (I2 = 36.2%, P = 0.139) (P = 0.753) [-301, 1459] Very low 

N/A: not available 
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