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Abstract 
Background: This study aimed to evaluate the effect of surgically assisted rapid maxillary expansion (SARME) 
with pterygopalatine disjunction (PD) on the nasomaxillary complex structures.
Material and Methods: A systematic two-phase review, recorded in the PROSPERO database, was conducted. 
Search strategies were performed using PubMed, Scopus, Web of Science, COCHRANE, LILACS and DOSS 
databases, including gray literature (Open Grey, Google Scholar, and ProQuest). The methodological quality and 
evidence of the included studies were assessed.
Results: Out of 1017 studies, 10 met the inclusion criteria. Generally, a moderate risk of bias was noted. The studies 
involved 236 adults evaluated preoperatively and postoperatively. Key outcomes assessed included nasal cavity 
volume, minimum cross-sectional area (MCSA), nasal septum positioning, nasal cavity width, and nose volume 
(soft tissues). 
Conclusions: Although findings indicated increased MCSA, nasal cavity, and nasopharynx volumes, and no chan-
ges in nasal septum post-SARME + PD, the current evidence is insufficient for definitive clinical recommendations 
due to study limitations, particularly the small number of included studies. More clinical studies with robust me-
thodologies and low risk of bias are needed. 
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Introduction
Transverse changes represent the most common skeletal 
deformities in the oral-maxillofacial complex (1), occu-
rring independently or in conjunction with other abnor-
malities (2). Maxillary transverse hypodevelopment is 
characterized by a high-arched palate, tooth crowding, 
rotations, and unilateral or bilateral posterior crossbite, 
often accompanied by a deficiency in arch perimeter. It 
is frequently associated with nasal respiratory issues, 
adenoid hypertrophy, oral respiration, and middle ear 
diseases (3,4).
Decreased distance between nasal cavity walls and the 
septum increases nasal airflow resistance, complicating 
nasal breathing (5). Nasal respiration is vital for stoma-
tognathic balance. Skeletally mature individuals with 
discrepancies exceeding 5 mm may require surgically 
assisted rapid maxillary expansion (SARME) (1-4). This 
surgical technique is known for its predictability, achie-
ving sufficient expansion, and maintaining long-term 
stability (6).
Although SARME + PD is commonly performed, its 
effects on the nasal cavity, septum, and paranasal region 
remain inadequately understood. Some studies sug-
gest benefits such as increased expansion in the poste-
rior palate/nasal cavity floor (12) and significant volu-
me increases in the nasopharynx and oropharynx (11). 
However, no systematic review has comprehensively 
correlated SARME with or without PD to changes in 
the nasal cavity and nasomaxillary complex. Therefore, 
this review aims to assess alterations in the nasal cavity, 
septum, and paranasal region following SARME + PD, 
addressing the question: “Do patients with transverse 
deficiency undergoing SARME + PD exhibit structural 
changes in the nasal cavity?”

Material and Methods
-Protocol and registration
This systematic review followed the Preferred Repor-
ting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines and was registered in PROS-
PERO (International Registry of Systematic Reviews; 
identifier CRD42020133208).
-Eligibility criteria
Inclusion criteria: Clinical trials and observational stu-
dies evaluating SARME + PD; assessment of changes 
in the nasal cavity or nasomaxillary complex, including 
bone and cartilaginous structures; evaluations using ra-
diographic examinations, helical or cone-beam CT, AR, 
rhinomanometry, frontal cephalometry, and photographs 
in studies with preoperative and postoperative assess-
ments. Exclusion criteria: Reviews, letters to the editor, 
personal opinions, book chapters, scientific event sum-
maries, SARME in individuals without skeletal maturi-
ty, studies with multiple treatment modalities, patients 
with syndromes, craniofacial anomalies, or systemic de-

ficiencies, lack of data on nasal cavity or nasomaxillary 
complex changes, absence of pterygoid disjunction, stu-
dies not in Latin (Roman) alphabet, duplicate samples, 
and articles unavailable for full reading despite author 
contact.
-Sources of information
Detailed search strategies tailored to each database—
PubMed, Scopus, Web of Science, COCHRANE, LI-
LACS, and DOSS—were implemented. Gray literature 
sources were also included, encompassing the first 50 
most relevant articles from Google Scholar, OpenGrey, 
and ProQuest. The search covered articles published up 
to May 31, 2024, without time restrictions. Additional 
articles were identified through manual searches.
-Search
Appropriate search terms and truncation were selected 
for each database query. Further information on the 
search strategies is available in Appendix A (supplemen-
tary data). Retrieved references were managed using 
EndNote X8® software (Thomson Reuters, New York, 
NY) to eliminate duplicates.
-Selection of studies
Phase 1 involved two reviewers (JRM and AEAM) in-
dependently screening titles and abstracts using the Ray-
yan® application for systematic reviews (Qatar Compu-
ting Research Institute, Doha, Qatar). Phase 2 consisted 
of the same reviewers independently applying inclusion 
criteria to the full texts. A third examiner (FSRC) cri-
tically assessed the reference lists of selected studies. 
Disagreements were resolved through discussion be-
tween the two primary reviewers. In cases of unresolved 
disagreements, the third and fourth authors (FSRC and 
ECSS) participated in the final decision-making process.
-Data collection process
One author (JRM) extracted data from the selected stu-
dies, which was then cross-checked by a second author 
(FSRC). Disagreements between them were resolved 
through discussion. If consensus could not be reached, a 
third author (ECSS) made the final decision.
-Information collected
The following data were recorded: year of publication, 
origin, study design, participants (sample size, sex, age), 
interventions (surgical technique, distractor type), me-
asurement periods, anesthesia type, distraction rate, 
presence of control group, clinical outcomes evaluated, 
latency period, total distraction amount (mean), main 
nasal findings, and primary nasal measurements. 
-Risk of bias (RoB) in individual studies
The Meta-Analysis of Statistics Assessment and Review 
Instrument tool assessed the Risk of Bias (RoB) in the 
included studies. RoB was categorized as “high” (when 
studies had a “yes” percentage less than 49%), “mode-
rate” (when studies scored between 50% and 69%), and 
“low” (when studies scored 70% or higher) based on 
similar methodologies. The RevMan software (Review 
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Manager, version 5.3, Cochrane Collaboration, Copen-
hagen, Denmark) was used to generate a summary of 
the RoB.
-Certain of evidence
The certainty of evidence was assessed using the Gra-
ding of Recommendations, Assessment, Development 
and Evaluation (GRADE) approach, which evaluates 
how confident we can be that an estimate of effect or 
association reflects the true effect (http://gdt.guideline-
development.org).

Results
-Study selection
A total of 1017 articles were retrieved from six electro-
nic databases. After removing duplicates, 538 articles 
underwent title and abstract screening, resulting in 70 
potentially relevant studies selected for full-text reading. 
No articles were found through gray literature sear-
ches (Google Scholar, ProQuest, and OpenGrey), but 
three additional articles were identified through manual 
search. Ultimately, 10 studies met the inclusion criteria 
and were included in this systematic review. 
-Characteristics of the studies
The studies included participants from Brazil, Nether-
lands, USA, Turkey, Poland, and Iran, totaling 190 
participants (62 males and 28 females). The mean ages 
ranged from 18.8 years (13) to 28.6 years (12). All parti-
cipants underwent SARME + PD, with general anesthe-
sia administered in five studies (7-10). One study used 
general anesthesia for eight patients and local anesthesia 
for one patient (12); two studies did not specify the type 
of anesthesia used (13,14).
The distraction devices varied across studies: Hyrax 
(7,8,13-15), Hyrax and Haas (9), Hyrax and transpalatal 
distractor (TPD) (11), and TPD (16); one study did not 
specify the device used (12). Additionally, methodolo-

Fig. 1: Graph of risk of bias: review of the authors’ judgements on each item of risk of bias presented as a percentage, for each 
study included.

gies for evaluating outcomes varied among the studies: 
linear, area, or angular measurements using CT (7,12-
14); volumetric and area measurements using CT (8); 
volumetric measurements using CT and photographs 
(11); volumetric and area measurements using augmen-
ted reality (AR) (10); and AR combined with frontal 
cephalometry (9).
Only two studies (7,8) conducted assessments at three 
time points: T0 (installation of the expander device), T1 
(immediately after active expansion), and T3 (approxi-
mately 6 months post-expansion). The remaining studies 
performed two evaluations: immediately after active ex-
pansion and at intervals ranging from 3 months (13) to 
22 ± 7 months (11) post-expansion.
-RoB in individual studies
In a comprehensive analysis, the included studies exhi-
bited moderate risk of bias (RoB), with 37.5% classified 
as low RoB, 25% as moderate, and 37.5% as high (Fig. 
1). The studies primarily demonstrated high RoB, parti-
cularly concerning sample size and blinding.
-Summary of results
Among the studies evaluating nasal cavity volume, two 
reported a statistically significant increase after SARME 
+ PD (10,11), while one did not find such an increase 
(8). Regarding minimum cross-sectional area (MCSA), 
two studies showed a statistically significant increase 
(9,10). One study observed a statistically significant in-
crease in nasal volume within soft tissues (11). Studies 
measuring linear dimensions of the nasal cavity floor 
reported increases following SARME + PD (7,13,14). 
However, the single study assessing changes in nasal 
septum position after SARME + PD found no significant 
alteration (12).
-Additional analysis and confidence in the cumulative 
evidence
Based on the GRADE criteria for assessing evidence 
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quality and recommendation strength in health deci-
sion-making, certainty regarding the absence of nasal 
volume increase after SARME + PD was rated as high 
in one study (8), and very low in two others (10,11). 
Regarding nasal floor enlargement after SARME + PD, 
certainty was high in one study (7), but low in two others 
(13,14). 

Discussion
Despite its widespread use in oral and maxillofacial sur-
gery, systematic reviews continue to explore SARME, 
with and without PD, and its effects on the oral-maxillo-
facial complex. These reviews aim to improve unders-
tanding of upper airway implications (17) and the utility 
of cone-beam CT for SARME outcomes (18). Another 
review assessed expansion outcomes in the anterior and 
posterior maxillary regions and SARME complications 
(19). Recently, a review examined SARME’s impact on 
mandibular positioning with and without PD (20).
Reaching precise conclusions is challenging due to va-
ried study designs and non-standardized measurement 
methods. Generally, studies indicate increased nasal vo-
lume after SARME + PD, but comparing AR and CT 
findings is difficult. An influential AR study reported in-
creased nasal volume following SARME - PD (21), and 
another AR study in eight adults undergoing SARME 
without PD showed significant increases in nasal cavity 
volume and nasal valve area due to anterior and poste-
rior MCSA expansion (22). Conversely, a recent rando-
mized clinical trial using CT found no significant increa-
se in nasal cavity volume after SARME + PD (8). Thus, 
more randomized trials comparing SARME + PD and 
SARME - PD using both AR and CT within the same 
patient cohort are needed.
Some studies have reported improved nasal breathing 
using subjective questionnaires (23,24). The NOSE 
scale was used in a study with SARME + PD patients, 
showing either improvement or no worsening of na-
sal obstruction based on preoperative and 6-month fo-
llow-up scores (25). The relationship between increased 
nasal cavity volume, airspace, and improved breathing, 
as well as the role of PD, remains unclear (12). Schwarz 
et al. (12) attributed increased nasal airway size to maxi-
llary rotational expansion, reduced palatine shelf rota-
tion, and reduced nasal mucosa inflammation, although 
they did not specify how inflammation levels were mea-
sured pre- and post-operatively. Koudstaal et al. (26) and 
Wriedt et al. (27) found that expansions in the anterior 
nasal cavity correlate with improved nasal breathing. 
Both selected studies using AR on the MCSA of the nasal 
cavity reported a statistically significant increase after 
SARME + PD (9,10). However, neither study included a 
control group or a group without PD for comparison. AR 
measurements consider the nasal mucosa surface, which 
can be influenced by pre- or postoperative inflammation, 

affecting perceived bone expansion in nasal cavity walls 
and septum. This review found no studies using tomo-
graphy for this outcome, limiting certainty on whether 
MCSA increased due to reduced mucosal inflammation 
or actual bone expansion. Additionally, the certainty re-
garding PD’s role in MCSA increase was very low. The 
use of nasal decongestants also complicates interpreta-
tion; Mitsuda et al. (10) noted higher MCSA values in 
the decongestant group.
This study reviewed existing literature on nasal septum 
changes, particularly concerning the impact of osteo-
tomy of the nasal cavity floor and PD’s potential effect 
on septal displacement, especially in the posterior re-
gion. Only one selected study examined septal changes 
(12) without assessing PD’s role. The authors found no 
significant septal changes post SARME + PD, sugges-
ting that PD facilitates uniform septal movement, not 
confined to the anterior region alone. 
Only one study assessed changes in nose soft tissue volume 
and alar base dimensions, reporting statistically significant 
increases in both following SARME + PD (Table 1), which 
has aesthetic implications for clinicians (11). Further stu-
dies are crucial to predict individual aesthetic impacts of 
varying expansion levels post-SARME. Regarding PD, it 
might facilitate more symmetric nostril changes and poten-
tially more predictable aesthetic outcomes, but definitive 
studies are needed to confirm this hypothesis.
Regarding patient group distribution based on whether 
PD was performed, few studies (7,8,14) investigated 
nasal cavity and septum changes post-SARME. Only 
Baraldi et al. (9) compared SARME + PD with a con-
trol group without PD, finding that including PD did not 
significantly increase nasal cavity volume changes (24).
This systematic review showed minimal variation in the 
types of devices used, predominantly the Hyrax (too-
th-borne) in seven out of eight studies. One study com-
pared Hyrax with TPD and found no statistically signifi-
cant difference in bone expansion achieved. 
An often-overlooked factor impacting nasal cavity and sep-
tum findings is the extent of expansion achieved by distrac-
tor devices. Larger expansions are expected to have more 
significant effects on the facial skeleton. Table 2 shows 
that among eight selected articles, only two mention total 
expansion achieved (7,14). Due to variability in reported 
expansion amounts, conclusive statements about SARME 
+ PD’s impact on nasal structures are challenging.
Methodological limitations were evident in this syste-
matic review, notably due to the small number of eligi-
ble studies, with only eight selected. Consequently, only 
qualitative analysis was feasible. Despite recognizing 
the potential benefits of a meta-analysis, the heteroge-
neity in outcome measurement methodologies across 
studies precluded this approach. Therefore, the scienti-
fic evidence quality could not be enhanced through me-
ta-analysis in this study. 
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Conclusions
This systematic review lacks sufficient evidence to 
conclusively assert that SARME + PD significantly in-
fluences nasal cavity, nasal septum, and nasal soft tissue 
structures. More rigorous randomized clinical trials are 
essential, comparing SARME − PD and SARME + PD 
groups. These studies should standardize distractor de-
vices, measure maximum expansion achieved in both 
groups, and utilize both CT and AR methods for precise 
measurements. These steps are crucial for gaining clea-
rer insights into the effects of SARME + PD on nasal 
structures.
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