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A b s t r ac t
Aim: The aim of this study was to evaluate the available evidence to identify the influence of pterygomaxillary disjunction on the result of
surgically assisted maxillary expansion.
Background: LeFort I type osteotomy with disjunction of the pterygomaxillary suture is a procedure widely used in maxillofacial surgery. However,
the need for its performance during surgically assisted maxillary expansions has been discussed in literature, since serious complications can
be caused during this stage.
Review results: Systematic review of articles was performed using three databases (PubMed, Web of Science, and Cochrane) published until May
2019. After applying the selection criteria, five articles were included in the systematic review, with a total of 141 patients. Meta-analysis showed
the absence of significant difference between intervention and control groups in the preoperative period (standardized mean difference = −0.28;
confidence interval, CI 95% = −0.81, 0.26; p = 0.31) and postoperative period (standardized mean difference = −0.12; 95% CI = −0.65, 0.42;
p = 0.66). In general, the heterogeneity of statistical estimates was low (I2 = 0%).
Conclusion: No statistically significant difference was observed between control group (without pterygomaxillary disjunction) and intervention
group (with pterygomaxillary disjunction).
Clinical significance: Based on the data analyzed in this systematic review, it could be concluded that pterygomaxillary disjunction is not a
mandatory step to achieve satisfactory maxillary expansion. Thus, not performing pterygomaxillary disjunction can prevent complications
and reduce surgical time.
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I n t r o d u c t i o n
Surgically assisted maxillary expansion is a technique widely used in
maxillofacial surgery. It is used in the treatment of transverse maxillary
bone deficiencies, providing well-defined and reliable surgical
protocol. LeFort I type osteotomy with separation of the midpalatal
suture and pterygomaxillary disjunction is the most widely accepted
and used technique for this surgery. However, some authors propose
the nondisjunction of the pterygomaxillary suture, especially for small
expansions (less than 6 mm),1 since studies have shown that most
complications (such as major hemorrhages and pseudoaneurysms)
of LeFort I type osteotomy are related to this procedure. Likewise,
trans-surgical complications related to nondisjunction (such as
skull base fracture) occur mainly when there is a need for maxillary
mobilization, which does not apply to expansions.2
Based on the above, the question about the significant difference
in performing disjunction still seeks an answer in literature.
Although arousing the interest of researchers, published studies are
inconclusive.3 One reason for this is the lack of more standardized
protocols, especially with regard to expansion measurement. Thus,
computed tomography proved to be the most reliable method,
with the best methodological basis, due to its accuracy. In addition,
it provides reproducible standardization and eliminates possible
manual measurement errors, such as those made on plaster models.4
Considering the current literature, the research question is as
follows: are there new studies that homogeneously evaluate the
influence of pterygomaxillary disjunction on surgically assisted
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maxillary expansion? The aim of this study was to evaluate the
available evidence to identify the influence of pterygomaxillary
disjunction on surgically assisted maxillary expansion.

M at e r ia l s

a n d  M e t h o d s

General Aspects
This systematic review was conducted according to the guidelines
of the Preferred Reporting Items for Systematic Reviews and MetaAnalyzes.5
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The PICOS
The PICOS method (population, intervention, comparator test,
outcomes, studies) was used to define the eligibility criteria
for inclusion of studies in this systematic review. 5 According to
PICOS, the specific research question was the following: is there
any difference in the results of different surgical techniques used
in pterygomaxillary disjunction to perform surgically assisted
maxillary expansion?
The various PICOS components were population—individuals
with indication for surgically assisted maxillary expansion;
intervention—surgically assisted maxillary expansion with
disruption of the pterygomaxillary suture; control—surgically
assisted maxillar y expansion without disruption of the
pterygomaxillary suture; result—posterior maxillary expansion;
and secondary outcomes—anterior osteotomies (two or three
segments) and distractors (bone or dental).

Search Methodology
A systematic search was conducted in PubMed (1966 to May 2019),
Web of Science (1990 to May 2019), and Cochrane Library (1996 to
May 2019) electronic databases for articles. The search period has
been extended since the foundation of each database. Restrictions
on the year, language, and status of publication were not applied.
Relevant studies were identified using the following combination
of key words: [(surgically assisted rapid palatal expansion OR
surgically assisted rapid maxillary expansion OR Palatal Expansion
Technique OR SARPE OR SARME) AND (separation pterygomaxillary
OR pterygomaxillary disjunction OR pterygoid disjunction OR
pterygoid plates)]. Manual cross-reference search of included
studies was also conducted in order to identify any additional
relevant studies.

Selection Criteria
The selection criteria for the inclusion of studies in this systematic
review were clinical trials in humans in which participants
underwent surgically assisted maxillary expansion performed with
LeFort I type osteotomy in two segments with methodology that

clearly compared, by tomography, the performance of the surgery
with or without disjunction of the pterygomaxillary suture in the
expansion in posterior region using molar teeth as reference. There
were no language or year of publication (date) restrictions for the
inclusion of studies in this review. Case reports, case series, letters
to the editor, conference proceedings, and articles without access
to the full text were excluded. Studies that included individuals
with syndromes or anomalies were also excluded. The Kappa test
was used to assess the agreement of each author regarding the
inclusion of studies.

Data Extraction
Two reviewers (BSM and CAA) independently analyzed titles,
abstracts, and results of studies, identifying all potentially
relevant ones. Studies included in this phase were read in
full and evaluated according to the eligibility criteria to be
included in the final systematic review. Disagreements between
reviewers were resolved through discussion to obtain consensus
or by discussion with a third reviewer (BSM, CAA and ESSA).
The following information was analyzed: study design, study
population, indication for surgically assisted maxillary expansion,
and outcome measures.

Data Analysis
A meta-analysis of continuous results was performed to estimate
the effect on posterior maxillary expansion after intervention (with
disjunction of the pterygomaxillary suture) compared to control
(without disjunction of the pterygomaxillary suture). Differences in
results were demonstrated by a forest plot graph, using the random
effects model to determine the standardized mean difference,
considering 95% confidence intervals and p values.6,7 Statistical
heterogeneity among studies was assessed using the I2 statistics,
which was classified as follows: low (I2 < 25%), moderate (I2 = 50%),
and high (I2 > 75%).8 Publication bias was not evaluated because
the funnel plot tests required at least 10 studies, a condition not
met in our systematic review,9 which is something that would make
the power of tests too low to distinguish the likelihood of real

Flowchart 1: Flowchart describing the study selection process
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The use of pterygomaxillary disjunction does not seem to be
necessary for successful maxillary expansion, since no statistically
significant difference was observed between groups. Although the
difference between pre- and postoperative measurements (delta)
varied from −0.1 to 6.84 mm, it is possible to perceive statistical
equality when this distance is evaluated within the margin of
error, considering the standard deviation of each study. However,
this cannot be stated with complete certainty, despite the low
heterogeneity in results presented here. Several studies have used
different methodologies, which made it difficult to include them in
the meta-analysis. Consequently, the construction of an objective
and reliable conclusion was impaired.

Year
2018

D i s c u s s i o n

Author
FerraroBezerra, M

Only two studies10,12 had enough data to be included in the metaanalysis, which evidenced through their results the absence of
significant difference between intervention and control groups in
the preoperative period (standardized mean difference = −0.28; CI
95% = −0.81, 0.26; p = 0.31) and postoperative period (standardized
mean difference = −0.12; 95% CI = −0.65, 0.42; p = 0.66) (Fig. 1). In
general, the heterogeneity of statistical estimates was low (I2 = 0%).

Intervention (with disjunction)

Meta-analysis

Table 1: Data extracted from selected studies in continuous results (posterior expansion)

The systematic review included a total of 141 individuals. The device
most used in studies was the dental anchorage (Hyrax), which is
an orthodontic device used for maxillary expansion. This device
is cemented in premolar and first molar regions before maxillary
expansion surgery and is activated after a latency period of 5–7
days. The study by Laudemann et al.11 was the only one that used
the maxilla widening device (MWD). The daily activation protocol
was similar in the five studies, with two activations and expansions
ranging from 0.4 to 0.6 mm/day (Table 2).
Regarding the distances measured between molar teeth
(intermolar distance), three studies11,12,14 observed posterior
expansion in patients undergoing maxilla widening with
pterygomaxillary disjunction. Four studies11–14 also demonstrated
posterior expansion in patients undergoing maxilla widening
without pterygomaxillary disjunction. In turn, Ferraro-Bezerra et
al.10 did not observe expansion in the posterior region in any groups.
Otherwise, a decrease of 0.1 and 2 mm was observed in groups with
and without pterygomaxillary disjunction, respectively.
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General Aspects
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A total of 104 articles were selected in the initial search of the three
databases (PubMed, Web of Science, and Cochrane). After excluding
duplicates, the remaining 58 articles were selected. Of these, 47
studies were excluded after reading titles and abstracts. Thus, 11
articles were selected for full reading. According to the eligibility
criteria, five studies10–14 were included in the systematic review with
good agreement between reviewers (κ = 0.82). With qualitative
analysis being carried out, the real potential for the inclusion of
two articles10,12 in the meta-analysis was observed.
A summary of the study selection process, is shown in Flowchart
1. The complete evaluation of these studies (data extraction) is
shown in Table 1.
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asymmetry. The Review Manager software version 5.3 (RevMan,
Cochrane Collaboration) was used to perform all statistical analyzes.
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Table 2: Secondary data extracted
Secondary information
Daily activations
Author
Ferraro-Bezerra, M
Zandi, M
Pereira, MD
Laudemann K
Laudemann K

Year
2018
2016
2012
2011
2009

Widening device
Hyrax
Hyrax
Hyrax
Hyrax
Hyrax
MWD

Frequency
2
2
2
2
2
2

Quantity (mm)
0.5
0.5–0.6
0.4
0.5–0.6
0.5–0.6
0.5–0.6

Fig. 1: Forest plot graph of estimates reported by studies considered eligible for this meta-analysis. Standardized mean differences of evaluated
parameters and their respective 95% confidence intervals are represented by squares (each square represents one study). Diamonds represent
the general average difference estimated from included studies

In addition, important variables such as the maximum
expansion quantity were not mentioned in most studies, which
may also have compromised the reliability of results. However,
expansions close to or greater than 6 mm were equivalent in both
groups. In this context, age was an important confounding factor,
with the perception that posterior maxillary expansion without
disjunction in patients under 20 years of age has more satisfactory
results.13
In 2018, Ferraro-Bezerra et al.10 obser ved significant
expansion and crossbite corrections for both disjunction and
non-disjunction groups, identifying greater expansion in the
molar region (posterior) compared to the canine region (anterior).
In this study, group treated without pterygomaxillary disjunction
had expansion of 1 mm more in the molar region, compared to
the group treated with pterygomaxillary disjunction. However,
there was no bone expansion due to the fact that dental
movements are induced during Hyrax activation, increasing
the maxillary perimeter caused by teeth inclination, not bone
expansion.15
Thus, the type of device seems to directly influence the result
of surgically assisted maxillary expansions. The greatest preference
was for devices with dental anchorage (Table 2). However,
when analyzed, MWDs also showed variations in the results of
expansions. In patients without pterygomaxillary disjunction, the
MWD appeared to allow greater expansion in the anterior region
when compared to the posterior region due to the fact that there
is immobilization in the pterygomaxillary suture.13
In fact, in an “anatomical illustration”, it seems obvious that the
pterygomaxillary disjunction is essential for adequate maxillary

expansion.16 This may explain why some studies tend to achieve
greater expansion in the anterior region in the group without
pterygomaxillary disjunction. Thus, pterygomaxillary disjunction
can be indicated mainly in cases of posterior crossbite (or large
expansions), which would facilitate bone widening in this region.16
However, we cannot confirm this result, since in our study, no
significant differences were found between performance or not
performance of pterygomaxillary disjunction. On the contrary, we
agree with Vasconcelos et al.17 who contradicted this theory and
observed greater posterior expansion in groups not subject to
pterygomaxillary disjunction.
The present review is original and contributed to the
advancement of scientific knowledge. However, it was not free
of limitations. The articles varied mainly about sample size and
methods used. The results of the meta-analysis should be analyzed
with caution, due to the small number of studies. Associated
variables such as age, type of device, and maximum expansion
must be taken into account. For this, further clinical trials that can
propose a clear, reliable, and easy-to-reproduce protocol should
be carried out, which would provide for a future systematic review
with greater evidence.

C o n c lu s i o n
As there was no statistically significant difference between control
group (without pterygomaxillary disjunction) and intervention
group (with pterygomaxillary disjunction), not performing
pterygomaxillary disjunction can prevent complications and reduce
surgical time.
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C l i n i c a l  S i g n i f i c a n c e
Based on the data analyzed in this systematic review, it could be
concluded that pterygomaxillary disjunction is not a mandatory
step to achieve satisfactory maxillary expansion. From this point
of view, a more conservative approach will have direct effects
on postoperative recovery, with less pain and edema, without
compromising on the final maxillary expansion result.
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