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Abstract

Objective: Nasal surgery fails to restore nasal breathing in some cases. Maxillary constriction is suggested as a major cause
of failure. It is thought that maxillary constriction leads to the closure of the internal and external nasal valves. Moreover, it is
well established in the literature that maxillary expansion, both in adults and children, increases upper airway volume.
However, it is yet unclear whether maxillary expansion may improve nasal function.

Review Methods: Pubmed (Medline), the Cochrane Library, EMBASE and Trip Database were checked by two authors from
the Rhinology Study Group of the Young Otolaryngologists section of the International Federation of Otorhinolaryngological
Societies. Two authors extracted the data. The main outcome was expressed as the value (in variable units) prior to treatment
(TO), after expansion procedures (T1), after the retention period (T2), and after a follow-up period (T3).

Results: A total of 10 studies (257 patients) met the inclusion criteria. The data pooled in the meta-analysis reveals a
statistically significant reduction of 0.27 Pa/cm?/s (Cl 95% 0.15, 0.39) in nasal resistance after palatal expansion As far as
subjective changes are concerned, the pooled data for the change in the NOSE score shows a statistically significant mean
reduction after maxillary expansion of 40.08 points (Cl 95% 36.28, 43.89).

Conclusion: The initial available evidence is too limited to suggest maxillary expansion as a primary treatment option to
target nasal breathing. However the data is encouraging with regards to the effect of maxillary expansion on nasal function.
Further higher quality studies are needed in order to define clearer patient selection criteria, distinguish optimal techniques,
and demonstrate long-term efficacy in long term follow up studies.
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Introduction

Adequate nasal breathing is of paramount importance to
healthy living. It is associated to improved quality of
life," is an essential prevention and treatment target in
comprehensive sleep apnea management,” and promotes
a healthy body posture,’ among many other important
functions. Unfortunately, impaired nasal breathing is
highly prevalent. As a consequence, procedures aiming
to improve nasal patency are the most commonly per-
formed in otolaryngology.

Despite vast improvements in surgical techniques and
devices, nasal surgery still fails to restore nasal breathing
in some cases. Maxillary constriction has been suggested
as a major cause® explaining these failures. It is thought
that maxillary constriction leads to the closure of the
internal and external nasal valves.*

Maxillary constriction is defined as the reduced trans-
verse dimension of the upper jaw. It frequently leads to
posterior crossbite, dental crowding, and high and
narrow palatal vault leading to elevation of the nasal
floor. It is one of the most frequent craniofacial skeletal
deformity. Its prevalence has been estimated from 2.7 to
23.3%.>¢

Maxillary expansion (ME) is a common procedure to
correct transverse maxillary deficiency. It is a distraction
procedure whereby bone growth is induced along the
mid-palatal suture. In adults, several methods have
been described. Some involve exclusively orthopedic
oral devices with an expansion screw welded to molar
bands. Others are considered non-orthopedic. The latter
are divided between surgical and non-surgical proce-
dures. However, given the increased interdigitation at
the midpalatal suture with advancing age,” exclusively
orthopedic rapid expansion in adults produces predom-
inantly dentoalveolar effects that can damage the perio-
dontum® without increasing the size of the bony
segments on either sides of the mid-palatal suture.
Consequently, adults often require surgically assisted
expansion. These involve the creation of a LeFort I
osteotomy and a mid-palatal to free both maxillary
halves and allow their movement. Several surgical tech-
niques have been described and are commonly known by
the acronym SARPE (Surgically Assisted Rapid Palatal
Expansion). An intermediate treatment is based on
microimplants anchored on the hard palate to optimize
the application of mechanical forces to circummaxillary
sutures and minimize unwanted tooth movements. These
procedures are known as MARPE (Microimplant-
Assisted Rapid Palatal Expansion).

It has been well established by previous reviews that
maxillary expansion, both in adults and children,
increases upper airway volume.” However, it remains
yet unclear whether maxillary expansion may influence
nasal ventilation.

Some authors argue that when the maxillary dental
arch is expanded, the lateral nasal walls are shifted out-
ward with a small increase of trans-alar width. This
might positively influence nasal breathing.

In this systematic review and meta-analysis, we aim to
evaluate the current available evidence on the effect of
maxillary expansion in adult’s nasal breathing.

Methods

This review was performed in accordance with PRISMA
guidelines (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses), and a formal
PROSPERO protocol was published according to the
NHS International Prospective Register of Systematic
Review (N° 176848) prior to conducting the review.
Also, we followed the recommendations of the
AMSTAR-2 guidelines.'”

Literature Search: Inclusion and Exclusion Criteria

The criteria for considering studies for the systematic
review were based on the population, intervention, com-
parison, and outcome (PICOTS) framework."!

Participants: Subjects over fifteen-years-old, as it is
well described that the intermaxillary suture initiates its
ossification and closure after puberty.'?

Intervention: maxillary expansion and all its variants
(MARPE, SARPE, distraction osteogenesis maxillary
expansion, segmented LeFort I, orthopedic).

Comparison: pre- and posttreatment data (case series),
or treatment and no treatment cohorts (case-control,
cohorts and clinical trials).

Outcomes: Any evaluation of nasal breathing. This
evaluation includes either subjective or objective meas-
urements. Subjective measurements include visual ana-
logue scales, questionnaires assessing sinonasal
symptoms or any other quantitative way to express
patient’s nasal patency. Objective measurements of
nasal patency include rhinomanometry, rhinohigrome-
try, fluid dynamics simulation, or Peak nasal flow,
among others. Rhinomanometry is an objective test
that evaluates transnasal pressure and nasal airflow
volume to calculate nasal airway resistance during inspi-
ration. Data extracted from rhinomanometry includes
bilateral inspiratory nasal resistance and nasal airflow.
Rhinohigrometry assess the area of the expiratory steam
from both nostrils. Fluid dynamics simulation is a com-
putational simulation of the nasal breathing from sino-
nasal CT scans. Finally, peak nasal flow, measured with
a peak flow meter, measures the maximum speed of
nasal inspiratory and expiratory airflow.

Timing and Setting: without limitations.

Types of studies: Clinical trials, cohort studies, and
case series with more than 5 patients published in



Calvo-Henriquez et al.

peer-reviewed journals. We did not include case reports
with less than 5 patients, thesis manuscripts, or meeting
abstracts. There were no restrictions of date or publica-
tion type. The last update of the search was performed in
Apr 2020. We included studies published in English,
Spanish, German, French, Italian and Portuguese.

Exclusion criteria: exclusion criteria consisted of: 1)
studies where no expansion was performed 2) studies
on syndromic patients; 3) dual publications; 4) studies
in children without individual analysis of the adults’
sample; 5) articles in which another nasal procedure
was performed between the first and the second rhino-
manometric measurements; 6) studies where nasal
breathing was not assessed; 7) studies with another con-
comitant maxillary surgery (advancement, impaction, or
down-grafting).

Search Strategy

We followed the PRISMA statement guidelines to per-
form a systematic review. The team searched Pubmed
(Medline), the Cochrane Library, EMBASE, Scopus,
Science direct, SCIELO and Trip Database. A predefined
search strategy employing a combination of the
following keywords ([“SARPE” OR “MARPE”
OR “Surgically assisted rapid palatal expansion” OR
“Surgically Assisted Rapid Maxillary Expansion”
OR “Endoscopically-assisted surgical expansion” OR
“micro-implant-supported  skeletal expander” OR
“SARME” OR “EASE” OR “segmental LeFort”]
AND [“nasal” OR “nose”]) was employed.

The abstracts retrieved were thoroughly reviewed by
two authors from the Rhinology Study Group of the
Young Otolaryngologists section of the International
Federation of Otorhinolaryngological Societies (CCH,
BMA). Based on the abstracts review, all studies that
potentially fulfilled inclusion criteria were fully analyzed.
Whenever there were disagreements on eligibility, full
texts were included for final assessment. The reference
list of all selected articles were manually reviewed to
identify studies that might have been overlooked in the
initial search.

Data Extraction, Categorization, and Analysis

Two authors (CCH, CCE) analyzed independently all
articles that met inclusion criteria. Variables assessed
included sample size, age, indication for treatment, pres-
ence of a control group, methods followed for the expan-
sion process, use of decongestant, follow-up period, and
main outcomes. The main outcome was expressed as the
value (in variable units) prior to treatment (TO), after
expansion procedure (T1), after the retention period
(T2), and after a follow-up period (T3). When question-
naires were used, units were converted to base 100 when

possible. Nasal resistance (from rhinomanometry and
fluid dynamics simulation) was expressed as Pa/cm’/s,
while nasal airflow (from rhinomanometry and fluid
dynamics simulation) was registered in cm?/s, and peak
nasal inspiratory and expiratory flow in cm?®/min.
Rhinohigrometry was recorded in cm?.

Assessment of Quality

The selected articles were assessed for both the level and
quality of evidence. Level of evidence was classified
according to the Oxford Centre for Evidence-Based
Medicine Levels.'® The risk of bias was assessed accord-
ing to the Quality Assessment of case series studies
checklist from the National Institute for Health and
Clinical Excellence.'*

For assessing the quality of the design, a score was
developed prior to full text reading. It was based on the
score employed by Lagravere et al. Each item’s score is
shown in Table 1. Papers were independently evaluated
by two authors from the Rhinology Study Group of the
Young Otolaryngologists section of the International
Federation of Otorhinolaryngological Societies (CCH,
CCE).

Six items were evaluated with a total score range from
0 to 120 points. Final results were reported as percen-
tages. Items considered were: sample size, percentage of
lost to follow-up, time to follow-up, presence of a con-
trol group, use of decongestant, and adequate control
for confounding factors. The item “use of decongestant”
was only considered in those studies performing

Table 1. Quality Score. ENT (Otolaryngologist).

Item Assessed Characteristic Weight
Sample size >70 20
>30-70 10
0-30 0
Follow-up time >12 20
(months) 7-12 10
0-6 0
Control group Comparable control 20
group
No comparable con- 10
trol group
No control group 0
Decongestant Yes 20
No 0
Control of confound- ENT evaluation with 30
ing factors sample selection
ENT evaluation with- 10
out sample selection
No 0
Lost to follow-up (%) 0-10% 10
>10% 0

Total
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instrumental assessments of nasal ventilation (peak nasal
flow, rhinohigrometry and rhinomanometry). The
sample size score was decided for nasal resistance
based on a sample size calculation, with the following
parameters: assuming a bilateral hypothesis, alfa risk
0.05, 80% power, Standard Deviation (SD) 0.10
(according to previous reviews), and minimum effects
of 0.05 (the most restrictive) to 0.10 (the laxest scenario).

The item “control of confounding factors” has the
largest weight in the quality score assessment. Several
factors can influence nasal breathing such as septal devi-
ation, chronic rhinosinusitis, or presence of enlarged
adenoids. The “control of confounding factors” refers
to either excluding those patients or performing a strat-
ified analysis.

Statistical Analysis

All statistical data were analyzed with STATA software
for Macintosh v.15.1 (StataCorp®). Significance was
considered with a p value <0.05.

We used Cochrane Collaboration’s Review Manager
Software (REVMAN) version 5.3 (Nordic Cochrane
Centre, Cochrane Collaboration, 2014, Copenhagen,
Denmark) to conduct the meta-analysis. Heterogeneity
was checked using the Q-test and 12 test. A fixed effects
model was used when the 12 value was <50% and a
random effects model when it was >50%. Finally, pub-
lication bias was assessed by funnel plot and Egger
regression.

Results

Search Results

A flowchart of the search process is shown in Figure 1.
The initial search retrieved 566 publications. After read-
ing all titles and abstracts, 26 studies were selected for
full reading. A total of 10 studies (257 patients) met the
inclusion criteria.'>>* A total of three authors were con-
tacted twice to provide additional data.'”*!*> However
none of them replied.

Of the selected papers, 16 publications were excluded
for the following reasons: no expansion was per-
formed,” ° syndromic patients were included,*® nasal
breathing was not evaluated,®'*? case reports,*-** chil-
dren were included without a subgroup analysis of
adult’s sample,>>*® and concomitant maxillofacial sur-
gery (advancement or impaction) was performed.**-*°

Results of the Included Studies

Results are summarized in Table 2.

General results. The overall mean age was 25.44 year-old.
When adjusting for sample size, the weighted mean was

Articles screened
for relevance

Y

Articles selected for
full text reading

n=26

Excluded articles
n=16

- No expansion was performed
(n=5)

- Syndromic patients (n=1}

- Nasal ventilation was no
evaluated (n=2)

- Case report (n=1)

= Children were included (n=4)
- Concomitant maxillofacial
surgery (n=2)

Included studies

n=10

Figure |. Flow chart.

26.50. The lowest mean age was reported by Storto et al.
(17.1 years old)'” and the highest by Yoon et al. (30.5
years old).>* The standard deviation of all the included
studies was 4.98 years.

The mean sample size was 25.7 (SD 20.18). The larg-
est sample was reported by Yoon et al. (75 patients)**
and the smallest by Timms (7 patients).**

Method of expansion. In the non-surgical approaches, one
author used orthopedic expansion®* and another micro-
implant assisted rapid palatal expansion (MARPE).!”
Those are also the studies with the lowest sample sizes.

The remaining eight studies used different variations
of  surgically assisted maxillary expansion
(SAME)'>1¢1823 including: endoscopic assisted surgical
expansion (EASE),'® distraction osteogenesis maxillary
expansion (DOME),">!'® and traditional procedures
using a rapid expansion protocol (SARPE) or other pro-
tocols for SAME.'? % In these surgically assisted proto-
cols, three studies performed disjunction of the
pterygomaxillary suture.'®!1%23

Nasal airway resistance. Four studies evaluated nasal resis-
tance after expansion.'®?"?>?* Two used anterior active
rhinomanometry.?'** A third favored posterior rhino-
manometry.>* Finally, Iwasaki et al. employed computer
fluid dynamic simulation using a combination of rhino-
manometry and cone beam computed tomography.'® All
selected articles found a positive impact after palatal
expansion.

Three of the four chosen papers could be merged in a
meta-analysis.'®?"** Magnusson et al. had to be exclud-
ed from the meta-analysis since they did not provide
mean and standard deviation data, and they calculated
nasal resistance at 75 Pa pressure reference instead of
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150 Pa like other studies. The pooled data for meta-
analysis under a fixed effects model shows a statistically
significant mean reduction after maxillary expansion of
0.27 (Pajem?’/s) (CI 95% 0.15, 0.39) (Figure 2).

Other objective methods. Zambon et al. evaluated nasal
airflow.”' Catunda et al. used rhinohygrometry with
the Glatzel mirror.?® Storto et al. used peak nasal inspi-
ratory flow."” All of them found statistically significant
differences after expansion.

Patient-reported changes. Six studies assessed subjective
patient reported changes in nasal breathing.'>-'8:19-21723
All found a positive effect of palatal expansion with the
exception of Magnuson et al. The latter found an initial
improvement that was not maintained after an 18
months follow-up period.?

Three studies used the NOSE score.'>'®!? The results
were converted on a basis of 100 (maximum). The
pooled data in the meta-analysis under a fixed effects
model shows a statistically significant mean reduction
after maxillary expansion of 40.08 points (CI 95%
36.28, 43.89) (Figure 3).

Other subjective methods, for which data cannot be
merged in a meta-analysis, were the visual analogue
scale®! and the Petruson et al. questionnaire (a 10 item
questionnaire designed to assess nasal ventilation®?).
Both studies demonstrated statistically significant differ-
ences after palatal expansion. Finally, Ribeiro Junior
et al. observed that 60% of patients improved their
nasal breathing. However, they did not perform a statis-
tical analysis.”

Long term effects. Time points were classified as immedi-
ately before surgery (T0), immediately after active
expansion (T1), at completion of retention (T2), and
follow-up after the retention period (T3). The mean
overall follow-up was 5.12 months (SD 5.52), and 5.84
after adjusting for sample size. The lowest follow up was
reported by Timms (0 months)** and the longest by
Magnusson et al. (18 months).*?

Level of Evidence and Quality of the Included Studies

According to the Oxford Center for Evidence Based
Medicine classification'? all studies are Level 4.

As far as the quality score is concerned, individual
data for each study is summarized in Table 3. The
mean score was 28.5%. Magnusson et al. achieved the
maximum score with a total of 58.33%.%

Publication Bias

Both the funnel plot (Figure 4) and Egger regression
(coefficient —2.62, p=0.123 for NOSE score; coefficient
2.14, p=0.249 for nasal resistance) do not suggest a
publication bias.

Discussion

To the best of our knowledge, this is the first compre-
hensive systematic review of the available literature and
meta-analysis on this topic.*!

Ten papers were included. All found a positive effect
on nasal breathing. This suggests an important role for
maxillary expansion in patients with impaired nasal
breathing. Despite the increasing evidence that maxillary

Std. Mean Difference Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Iwasaki T 0.37 0.09 46.5% 0.37 [0.19, 0.55] —
Timms DJ 0.2 0.11 31.2% 0.20 [-0.02, 0.42] T
Zambon CE 0.18 0.13 22.3% 0.18 [-0.07, 0.43] =
Total (95% CI) 100.0% 0.27 [0.15, 0.39] e

ity: Chi? = = = 2= I + } |
Heterogeneity: Chi* = 2.11, df = 2 (P = 0.35); | 5% o5 2025 ) 055 05

Test for overall effect: Z = 4.47 (P < 0.00001)

Warsening Improvement

Figure 2. Forest plot. Difference in nasal resistance after maxillary expansion.

Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Std. Mean Difference SE Weight 1V, Fixed, 95% ClI IV, Fixed, 95% CI
Li K 422 246 62.3% 42.20[37.38,47.02] =
Menegat F 316 6.71 8.4% 31.60[18.45, 44.75] —_—
Yoon A 38 3.59 29.3% 38.00[30.96, 45.04] -
Total (95% CI) 100.0% 40.08 [36.28, 43.89] &
ity: Chi? = =2(pP= (= : i t |
Heterogeneity: Chi‘ = 2.68, df = 2 (P = 0.26); I = 25% 0o i ) =5 100

Test for overall effect: Z = 20.64 (P < 0.00001)

Worsening Improvement

Figure 3. Forest plot. Mean difference in NOSE score after maxillary expansion.
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Table 3. Design Quality.

Sample Control Control of Lost to
Author (Year) Size Follow-up Group Decongestant Confounding Factors Follow-up Final (%)
Yoon et al.'® 20 0 0 NA 0 10 30%
Iwasak et al.'® 0 0 0 NA 0 10 10%
Storto et al.!” 0 0 0 0 0 10 8.33%
Li et al'® 10 0 0 NA 0 10 20%
Menegat et al.'’ 0 10 0 NA 30 10 40%
Catunda et al.?° 0 0 0 0 30 10 33.33%
Zambon et al.?' 0 0 0 20 30 10 50%
Magnuss et al.?? 10 20 0 20 10 10 58.33%
Ribeiro et al.2® 0 0 0 NA 0 10 10%
Timms2* 0 0 0 20 0 10 25%

NA (not applicable).

Funnel plot with pseudo 95% confidence limits. Nasal resistance

Funnel plot with pseudo 95% confidence limits - NOSE questionnaire
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Figure 4. Funnel plot. Left: nasal resistance. Right: NOSE questionnaire.

constriction is a major cause for impaired nasal breath-
ing, the understanding of the role of adult maxillary
expansion remains under study.* The available evidence
is focused on the classical orthodontic indications rather
than nasal breathing. The Stanford group has published
its initial work on patients with obstructive sleep apnea
without traditional orthodontic indications.'>'®!® This
innovative indication of maxillary expansion opens the
door to defining alternative for this procedure.

There is certainly an anatomic and physiologic ratio-
nale to support the hypothesis that maxillary expansion
improves nasal ventilation. The nasal cavity is responsi-
ble for almost two thirds of airway resistance due to the
upper airway dimensions.** According to the Hagen—
Poiscuille law, assimilating the nose to a tube, nasal
airway resistance is inversely related to the radius of
the nose raised to the fourth power. Therefore, small
millimetric changes in the radius can drastically decrease
or increase nasal resistance.

Data summarized in previous reviews revealed that
ME increases nasal volume.” This data is also in

accordance with a previous systematic review assessing
the role of maxillary expansion on nasal breathing in
children. That systematic review demonstrated signifi-
cant decrease in nasal resistance following ME in
children.*!

Nasal Airway Resistance

Four authors have assessed nasal resistance. Only three
of them could be included in the meta-analysis. Overall,
this meta-analysis found a mean reduction in nasal resis-
tance after ME of 0.27 Pa s/cm’. This data is clinically
relevant since normal values for an adult are thought to
be 0.30 (0.80 considered severe nasal obstruction).
Therefore, the magnitude of this mean decrease of 0.27
Pa s/cm® in nasal resistance is of great importance in the
control of nasal obstruction.

These merged data should be interpreted carefully as
the methods used for expansion were different. Timms
used orthopedic expansion,** while Iwasaki et al.'® and
Zambon et al.”! used SAME procedures. Mean age also
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differs among groups, ranging from 17.92 (Timms) to
29.6 (Iwasaki). This might influence the observed results
since age is closely related to resistance to expansion.
Furthermore, the methods used to evaluate nasal resis-
tance was different. Iwasaki et al. used computational
fluid dynamics simulation assisted with rhinomanome-
try, while Timms and Zambom et al. used rhinomanom-
etry alone.

Rhinomanometry is the gold-standard test to assess
nasal airway patency. It estimates nasal resistance
through a variance of Ohm’s law based on airflow and
pressure differences.

Timms found a weak correlation between the amount
of orthopedic expansion and the decrease in nasal resis-
tance (r=0.32). This suggests that the length of expan-
sion required to reduce nasal resistance cannot be
accurately predicted.**

Patient Reported Nasal Obstruction

Six studies assessed patient reported nasal obstruction
after maxillary expansion.'>'®1%21"3 However, only
three of them could be assessed in a meta-analysis.'>!'®1?
In this case, the three authors had reported a very similar
method (surgically assisted expansion) and similar
mean age.

All included papers found improvement in subjective
nasal breathing perception after maxillary expansion.
The three papers included in the meta-analysis used
the NOSE scale for assessment. A mean reduction of
40.08 £1.94 points was found. This is clinically relevant
as the maximum value is 100 points.

Techniques

There are several described methods to perform expan-
sion. Most of them can be categorized as orthopedic,
microimplant assisted (MARPE) or surgically assisted.
Furthermore, each procedure can be accompanied by
different types of expanders, different protocols for
speed of expansion, and length of retention period.

In this review we assumed that all expansion proce-
dures are the same. Furthermore, we assumed that the
amount of expansion and retention type have no effect
on outcome in order to combine data. However, this is
not true clinically and those differences between studies
affect our capacity to combine results. Of note, there is
no previous research in adults to support this statement.
Instead, there is a previous clinical trial in children com-
paring orthopedic and microimplant assisted expansion
on nose breathing. They found four times more reduc-
tion in nasal resistance in the MARPE group than in the
orthopedic expansion group.*’

However, not a single author compared different
techniques in adults. There is a great need for

observational studies comparing methods and surgical
techniques.

With the existing maxillary expansion procedures,
total expansion is divided between midpalate opening
(desired effect), alveolar bone widening, and undesired
dental tilting. Some techniques might need to over-
expand the maxillary arch to induce secondary widening
of the nasal floor. This might result in an undesired sig-
nificant malocclusion. It is also noteworthy that the
extent of nasal floor widening is inconsistent, inade-
quate, and often nonexistent, in the posterior nasal
region. Skeletal expansion has proven to be higher for
SARPE and microimplants reaching 46.3%. In compar-
ison, these methods achieved 33.3% alveolar expansion,
and 20.4% dental expansion.*®

Another important difference among methods is the
pterygomaxillary articulation disjunction in surgically
assisted methods. According to the review of Buck
et al.,’ the inclusion of pterygomaxillary disjunction as
part of surgery did not appear to increase the magnitude
of volume change in the nasal cavity. However, it may
reduce the relapse or the anterior over expansion.
Indeed, pterygomaxillary disjunction allows for the mid-
palate suture to be opened in a straight parallel way as
opposed to a fan shaped opening if the junction remains
intact. Li et al., who are the only ones to perform an
endoscopic assisted procedure through the nose, extol
the benefits of the pterygomaxillary disjunction.'® It
must be highlighted that they performed this procedure
for OSA patients rather than for orthodontic reasons.
Therefore, they aimed at obtaining mostly an expansion
at the midpalatal suture rather than a dental expansion.

Finally, retention time after the expansion procedure
is different among selected studies (ranging between 2 to
8 months). It must be noted that complete bone forma-
tion is not achieved even after 180 days.*’” Therefore,
short retention periods may be related to a certain
amount of relapse.

Follow-up Length

The mean follow-up was short at 5.12 months (SD 5.52),
and 5.84 when adjusted by sample size.

The longest follow-up period was 18 months. In this
study, Magnusson et al. found initial improvement in
nasal resistance assessed with rhinomanometry.
However, relapse to initial values of nasal airway resis-
tance after the follow-up period was observed. It must be
noted that the initial nasal resistance was considered in
the normal range (0.19 Pa s/cm3). This is an important
caveat. Indeed, it was shown that patients with previous-
ly increased nasal resistance benefit the most from ME.*
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Confounding Factors

Our team would like to emphasize the challenges faced
when performing this meta-analysis due to the signifi-
cant heterogeneity in the use of decongestants (in the
pre and post-intervention measurements), subject selec-
tion, and expansion methodology.

The use of nasal decongestant was justified by some
investigators to decrease the influence of nasal mucosal
swelling when assessing the isolated effects of skeletal
expansion. However, only three studies used decongest-
ants. This may influence the final analysis.?'-**>*

Another important factor is subject selection. It is not
always clear whether other nasal ailments (such as
hypertrophic adenoids, nasal polys, and hypertrophic
turbinates) had been addressed prior to the studies
being carried out. These conditions will not be improved
after maxillary expansion. Therefore, selecting patients
affected by them will bias the final results.

Hartgerink et al.*> Turvey et al.* and Timms.
found that patients with previously increased nasal resis-
tance benefitted the most from palatal expansion.
Menegat et al. report that only one patient who pre-
sented high scores for nasal obstruction before surgery
had unaltered symptoms after the ME."” However, a
detailed analysis for other possible causes for this
obstruction was not described in their study.

We hypothesize that patients with impaired nasal
breathing, without any other clear etiology other than
maxillary constriction, would be the ideal candidate for
ME. However, seven out of the ten selected studies had
performed ME for orthodontic reasons.'>'®!'® They
selected patients suffering from OSA, without a primary
orthodontic indication. This likely underestimates the
potential role of ME in the treatment of nasal obstruc-
tion in this population.

24

Limitations

The conclusions reached by this systematic review and
meta-analysis were limited by the quality of the evidence
analyzed. Hence, no definitive conclusive result can be
generated for the time being. Final results can be influ-
enced by differences in sample size, patient selection cri-
teria, surgical technique, and evaluation methodology
that differ among the selected studies.

Conclusions

The initial available evidence is too limited in order to
suggest maxillary expansion as a treatment option to
target nasal breathing. However, this initial analysis
seems to support a positive role of ME for improving
nasal breathing in adults. Further higher quality studies
are needed in order to refine indications, patient

selection criteria, technique, and provide longer follow
up periods to demonstrate long-term efficacy.
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