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ABSTRACT

Objectives: The objective of the present systematic review was to test the hypothesis of no difference in transverse skeletal and 
dental arch expansion and relapse after segmental Le Fort I osteotomy versus surgically assisted rapid maxillary expansion. 
Material and Methods: A MEDLINE (PubMed), Embase and Cochrane library search in combination with a hand-search 
of relevant journals was conducted by including human studies published in English from January 1, 2000 to June 1, 2016.
Results: The search provided 130 titles and four studies fulfilled the inclusion criteria. All the included studies were 
characterized by high risk of bias and meta-analysis was not possible due to considerable variation. Both treatment modalities 
significantly increase the transverse maxillary skeletal and dental arch width. The transverse dental arch expansion and relapse 
seems to be substantial higher with tooth-borne surgically assisted rapid maxillary expansion compared to segmental Le Fort 
I osteotomy. The ratio of dental to skeletal relapse was significantly higher in the posterior maxilla with tooth-borne surgically 
assisted rapid maxillary expansion. Moreover, a parallel opening without segment tilting was observed after segmental Le 
Fort I osteotomy.
Conclusions: Maxillary transverse deficiency in adults can be treated successfully with both treatment modalities, although 
surgically assisted rapid maxillary expansion seems more effective when large transverse maxillary skeletal and dental arch 
expansion is required. However, considering the methodological limitations of the included studies, long-term randomized 
studies assessing transverse skeletal and dental expansion and relapse with the two treatment modalities are needed before 
definite conclusions can be provided.
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INTRODUCTION

Transverse maxillary hypoplasia, in adolescents and 
adults, is characterized by a narrow maxillary apical 
base, unilateral or bilateral cross-bite, a high narrow 
palatal vault and crowded misaligned teeth [1]. 
Minor maxillary width discrepancies in adults can 
often be corrected solely by orthodontic expansion, 
while surgical correction is recommended when a 
considerable transverse expansion of the maxilla 
is needed [1-3]. Segmental Le Fort I osteotomy is a 
predictable, well-established surgical technique that 
is commonly used to correct maxillary transverse 
discrepancies up to 6 - 7 mm in adults [4]. However, 
transverse expansion of the maxilla with a segmental 
Le Fort I osteotomy is often associated with 
postsurgical instability and relapse [5-8]. Few short-
term studies have estimated the transverse stability 
after segmental Le Fort I osteotomy and dental cast 
measurements have disclosed a transverse relapse of 
30% at the premolars and 49% at the second molars 
2 years after debanding [5-8]. Different methods 
have been recommended to reduce the potential 
for transverse instability involving bone grafts or 
allografts at the palatal osteotomy site, use of palatal 
bars and expanders, interocclusal splints, transpalatal 
bone-anchored devices or fixation of the palatal 
vault with biodegradable plates [5,9-12]. However, 
transverse maxillary expansion with a segmental Le 
Fort I osteotomy is still considered the least stable 
surgical orthognathic procedure and overexpansion is 
frequently recommended [4,6,7,13].
Surgically assisted rapid maxillary expansion 
(SARME) is a combination of orthodontics and 
distraction osteogenesis, which provides dental 
arch space for alignment of teeth and minimizes 
transverse maxillary relapse. SARME has become a 
common surgical method in treating postadolescent 
patients with dental crowding and severe transverse 
maxillary hypoplasia with a closed midpalatal suture 
[1,2,14-18]. SARME has been anticipated to ensure 
a better transverse stability compared to a segmental 
Le Fort osteotomy. On the contrary, it has also been 
postulated that the transverse stability of SARME 
is not significantly greater than segmental Le Fort I 
osteotomy [7]. Several reviews have demonstrated 
that SARME increases the maxillary width at both 
a skeletal and dental level [2,14-18]. However, the 
reported postsurgical stability varies considerably and 
few studies have differentiated between the skeletal 
and occlusal outcome. Moreover, linear measurements 
on plaster models of the patient’s dentition and two-
dimensional radiography are predominantly used to 

assess the efficacy of SARME on the dento-skeletal 
complex. Traditionally, a tooth-borne palatal expander 
has been used to expand the maxillary width and arch. 
However, a tooth-borne distraction device seems to 
cause alveolar bending and dental tipping. Therefore, 
SARME with a bone-borne palatal expander has 
been used more frequently during the last decade 
to minimize tipping of the dentition and to generate 
a parallel skeletal expansion of the bony segments. 
However, a recently published systematic review 
concluded that there is a need for well-designed 
clinical trials evaluating the effects of tooth-borne and 
bone-borne SARME, due to weak evidence for less 
dental tipping with a bone-borne device compared to a 
tooth-borne expander [15]. 
Transverse maxillary deficiencies usually 
compromise both the anterior and posterior part 
of the maxilla, but a narrow maxillary apical base 
without posterior cross-bite and anterior crowding 
are often seen. Segmental Le Fort I osteotomy 
yields a dissimilar skeletal and dental expansion 
pattern compared to SARME and the two treatment 
modalities should therefore be used for different 
clinical cases. Segmental Le Fort I osteotomy 
involves the “down-fracture” technique and direct 
three-dimensional repositioning of the maxilla, 
whereas SARME indirectly expands the maxilla 
by means of distraction osteogenesis. The type 
and placement of a bone-borne distraction device 
in the palate, the rate of distraction and different 
maxillary osteotomies may influence the magnitude 
of transverse expansion by SARME. Preoperative 
quantification of the required transverse expansion 
in each region of the maxilla is therefore necessary 
to minimize skeletal and dental relapse. Moreover, 
an individual, patient specific decision if tooth-borne 
or bone-borne devices are preferred for SARME 
with respect to device specific advantages has been 
recommended [19]. However, individualization 
of the surgical technique according to the region 
affected by the transverse deficiency is rarely 
described in the literature [20,21], and the transverse 
maxillary skeletal and dental arch expansion 
and relapse after segmental Le Fort I osteotomy 
compared to SARME has never been assessed 
specifically in a systematic review. Consequently, 
segmental Le Fort I osteotomy and SARME with 
tooth-borne and bone-borne appliances are two 
dissimilar treatment modalities used for surgical 
correction of transverse maxillary discrepancies. 
However, the transverse maxillary expansion pattern 
and the skeletal and dental stability with the two 
treatment modalities are not well-elucidated in the 
literature.
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The objective of the present systematic review was 
to test the hypothesis of no difference in transverse 
maxillary skeletal and dental arch expansion 
and relapse with segmental Le Fort I osteotomy 
compared to surgically assisted rapid maxillary 
expansion. 

MATERIAL AND METHODS
Protocol and registration

The methods of the analysis and inclusion criteria 
were specified in advance and documented in a 
protocol. The review was registered in PROSPERO, 
an international prospective register of systematic 
reviews. The protocol can be accessed at:
http://www.crd.york.ac.uk/PROSPERO/display_
record.asp?ID=CRD42016053612.
Registration number: CRD42016053612.
The present systematic review was conducted in 
accordance with the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) 
statement for reporting systematic reviews [22].

Types of publications

The review included studies on humans published 
in the English language. Letters, editorials, PhD 
theses, letters to the editor, case reports, abstracts, 
technical reports, conference proceedings, animal 
or in vitro studies and literature review papers were 
excluded. 

Types of studies

The review included all human randomized clinical 
trials, prospective cohort studies, case-control 
studies, case series or retrospective studies comparing 
transverse skeletal and dental arch expansion and 
relapse after segmental Le Fort I osteotomy compared 
to SARME. 

Types of outcome measures

•	 Transverse skeletal expansion and relapse of the 
maxilla.

•	 Transverse dental arch expansion and relapse of 
the maxilla. 

•	 Definitive transverse dental arch expansion 
of the maxilla. Defined as the final reported 
measurement of the maxillary dental arch width. 

•	 Frequency of complications.
•	 Patient-reported outcome measures.

Information sources

The search strategy incorporated examinations of 
electronic databases, supplemented by a thorough 
hand-search page by page of relevant journals 
including “British Journal of Oral and Maxillofacial 
Surgery”, “International Journal of Oral and 
Maxillofacial Surgery”, “Journal of Craniofacial 
Surgery”, “Journal of Cranio-Maxillo-Facial Surgery”, 
“Journal of Oral and Maxillofacial Surgery”, “Oral 
and Maxillofacial Surgery” and “Oral Surgery Oral 
Medicine Oral Pathology Oral Radiology”. The 
manual search also included the bibliographies of 
all articles selected for full-text screening as well as 
previously published reviews relevant for the present 
systematic review. Two of the reviewers (TJ and 
TB) performed the search. Any disagreements were 
resolved by consensus between the two observers. 

Search 

A MEDLINE (PubMed), Embase, and Cochrane 
Library search was conducted by including studies 
published in English from January 1, 2000 to June 1, 
2016. The search strategy utilized a combination of 
Medical subject heading (MeSH) and free text terms:
1.	 exp Osteotomy, Le Fort/ (1751);
2.	 (Le Fort I or Le Fort 1).mp. (1458);
3.	 or/1-2 (2469);
4.	 SARME.mp. (86);
5.	 SARPE.mp. (38);
6.	 (((osteotomy or surgical*) adj5 (maxillar* or 

palatal*)) and expansion*).mp. (410);
7.	 or/4-6 (414);
8.	 3 and 7 (130).

Selection of studies

The PRISMA flow diagram presents an overview 
of the selection process (Figure 1). The titles of the 
identified reports were initially screened. The abstract 
was assessed when the title indicated that the study 
was relevant. Full-text analysis was obtained for those 
with apparent relevance or when the abstract was 
unavailable. The references of the identified papers 
were cross-checked for unidentified articles. The 
study selection was performed by two of the reviewers 
(TJ and TB). Any disagreement was resolved by 
consensus between the two observers.

Study eligibility

The inclusion criteria were developed using the 
PICOS guidelines (Table 1).
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Inclusion criteria

Human studies comparing segmental Le Fort I 
osteotomy with either tooth-borne or bone-borne 
SARME were included by addressing the previously 
described outcome measures. The review exclusively 
focused on studies applying rigid internal fixation. 
In addition, at least 5 patients should be included in 
the study with a minimum of six months follow-up. 
Studies involving segmental Le Fort I osteotomy with 

2-piece or multi-piece interdental osteotomies were 
included.

Exclusion criteria

Uncontrolled clinical studies, studies with 
insufficient description of the performed numbers 
of surgical procedures, length of follow-up period 
and studies involving cleft patients or revision were 
excluded. 

Figure 1. PRISMA flow diagram demonstrating the results of the systematic literature search.

Table 1. PICOS guidelines

Patient and population (P) All adult patients (> 17 years) with a transverse maxillary hypoplasia requiring orthognatic surgery.
Intervention (I) Segmental Le Fort I osteotomy.
Comparator or control 
group (C) Surgically assisted rapid maxillary expansion

Outcomes (O) Transverse dentoalveolar and skeletal expansion and relapse, total dentoalveolar expansion, frequency 
of complications and patient-related outcome measure.

Study design (S)
Human studies, including randomized controlled trials, controlled clinical trials and retrospective 
studies, with the aim of comparing transverse dental and skeletal expansion and relapse after segmental 
Le Fort I osteotomy compare to surgically assisted rapid maxillary expansion.

Focused question Are there any differences in the transverse maxillary dentoalveolar and skeletal expansion and relapse 
between segmental Le Fort I osteotomy and surgically assisted rapid maxillary expansion?
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Data extraction

Data were extracted by one reviewer (TJ) according to 
a data-collection form ensuring systematic recording 
of the outcome measures. In addition, relevant 
characteristics of the study were recorded. 

Data items

The following items were collected from the included 
articles and arranged in the following fields: patients, 
surgical technique, transverse deficit, material, 
follow-up, skeletal expansion, dental expansion, 
skeletal relapse, dental relapse, total dental expansion, 
complications and patient-related outcome measures. 

Assessment of methodological quality 

The quality assessment of the included studies was 
undertaken by one review author (TJ) as part of the 
data extraction process. A methodological quality 
rating system was used and the classification of the 
risk of bias potential for each study was based on the 
following five criteria: 
•	 Random selection in the population (yes/no).
•	 Definition of inclusion and exclusion criteria (yes/

no).
•	 Report of losses to follow-up (yes/no).
•	 Validated measurements (yes/no).
•	 Statistical analysis (yes/no).
The studies were grouped according to:
•	 Low risk of bias (plausible bias unlikely to 

seriously alter the results) if all above-described 
quality criteria were met.

•	 Moderate risk of bias (plausible bias that weakens 
confidence in the results) when one of these 
criteria were not included.

•	 High risk of bias (plausible bias that seriously 
weakens confidence in the results) when two or 
more criteria were missing.

Statistical analysis

No meta-analyses could be performed due to the 
heterogeneity between the studies (different study 
designs, control groups, and observation periods) [23].

RESULTS
Study selection

Article review and data extraction were performed 
according to the PRISMA flow diagram. A total of 130 
titles were identified and 46 abstracts were reviewed. 

Full-text analysis included 21 articles and four studies 
were finally included in the present systematic review 
[4,24-26]. One article was included as the result of 
hand-searching [24].

Exclusion of studies

The reasons for excluding studies after full-text 
assessment were as follows: the study could not 
be excluded before meticulous reading (n = 10), 
insufficient description of the number of surgical 
procedures (n = 3), insufficient description of the 
length of the follow-up period (n = 2), case-series 
with less than 5 patients (n = 2).

Study characteristics

The included studies involved a prospective 
longitudinal study [25] and three retrospective studies 
[4,24,26]. Transverse skeletal expansion and relapse 
of the maxilla were reported in two studies [24,25], 
transverse dental arch expansion and relapse of the 
maxilla were reported in two studies [4,25], and the 
definitive dental arch expansion of the maxilla were 
reported in three studies [4,24,26]. The frequency of 
complications were described in two studies [24,25], 
while patient-reported outcome measures were not 
reported in any of the included studies. 
Cone-beam computed tomography (CBCT) has 
been used to prospectively estimate the transverse 
skeletal and dental arch expansion and relapse [25]. 
Segmental Le Fort I osteotomy was performed in 
9 patients with a transverse discrepancy of 3 to 
6 mm, whereas SARME with a tooth-borne expander 
was performed in 4 patients with a transverse 
discrepancy of more than 6 mm. CBCT was obtained 
preoperatively, within 1 month postoperatively, and 
at 6 months postoperatively. Measurements of the 
skeletal maxillary width change at the greater palatine 
superior intercanal and the piriform base was used to 
estimate the skeletal expansion and relapse, while the 
intermolar and intercanine width distance was used 
to measure the dental arch expansion and relapse. 
Dental cast models have been used retrospectively 
to estimate the transverse dental arch expansion 
and relapse of the maxilla as well as the definitive 
dental arch expansion [4,26]. The distances between 
the crowns of the canines and the first molars 
were measured before surgery, after surgery or 
distraction, and finally two years after the end 
of expansion [4]. The study included 10 patients 
with an intermolar deficit of less than 6 mm, 
who had undergone segmental Le Fort I and 10 
patients with intermolar deficit of more than 6 mm, 
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who had undergone tooth-borne SARME [4]. Linear 
plaster models measurements of the dental arch 
width between the first premolars and first molars 
were obtained preoperatively and postoperatively in 
18 patients who had undergone segmental Le Fort I 
osteotomy and 14 patients who had undergone tooth-
borne SARME to estimate the definitive dental arch 
expansion [26]. 
CBCT has retrospectively been analysed to estimate 
the nasal airway distance and the definitive dental arch 
expansion of the maxilla by measuring the change 
from the innermost point of the bony floor of the nose 
to the upper first molar and the distance between the 
crown of the maxillary canines and the upper first 
molars [24]. The study included 12 patients, who had 
undergone two-piece segmental Le Fort I osteotomy 
with stabilization of the transverse expansion at the 
nasal floor with a biodegradable plate and 20 patients, 
who had undergone bone-borne SARME. CBCT was 
obtained before surgery and 9 months after surgery. 
The main results are described below and summarized 
in Table 2.

Synthesis of results

The studies included revealed considerable variations 
in design, i.e. amount of transverse expansion, use 
of tooth-borne or bone-borne distraction appliances, 
fixation of the palatal expansion with biodegradable 
plates, length of observation period, and type of 
outcome measures. Therefore, meta-analyses were not 
applicable.

Outcome measures

The result of each outcome measures are presented 
first and then a short summary is finally provided.

Transverse skeletal expansion and relapse of the 
maxilla

Assessment of the transverse skeletal expansion 
and relapse of the maxilla with the two treatment 
modalities has been done in two short-term studies 
[24,25]. In a prospective study using CBCT, the 
anterior and posterior skeletal expansion was 1.94 (SD 
0.93) mm and 3.43 (SD 1.24) mm with a segmental 
Le Fort I osteotomy, and 2.25 (SD 1.79) mm and 0.5 
(SD 0.24) mm with tooth-borne SARME, respectively 
[25]. The transverse skeletal relapse as evaluated by 
measurements obtained from 1 month postoperatively 
to 6 months postoperatively demonstrated that the 
anterior and posterior skeletal relapse was 0.55 (SD 
0.55) mm and 0.86 (SD 0.42) mm with a segmental 

Le Fort I osteotomy. The anterior skeletal relapse was 
0.74 (SD 0.63) mm after SARME, while the posterior 
skeletal width increased by 0.8 (SD 0.54) mm. The 
skeletal width expansion and relapse was significantly 
changed with a segmental Le Fort I osteotomy, 
whereas no statistically significant skeletal width 
changes were observed with SARME, besides the 
posterior skeletal expansion. 
A retrospective analysis of CBCT scans demonstrated 
a statistically significantly skeletal increase of 2.94 
(SD 3.19) mm with a bone-borne SARME compared 
to 3.92 (SD 2.74) mm with a segmental Le Fort I 
osteotomy involving stabilization of the transverse 
expansion with a biodegradable plate after 9 months 
[24]. A more parallel opening without segment tilting 
was described with a segmental Le Fort I osteotomy. 

Summary

The transverse skeletal maxillary expansion and 
relapse with the two treatment modalities have been 
compared in short-term studies using standardized 
skeletal landmarks on CBCT. Segmental Le Fort I 
osteotomy seems to create more skeletal expansion 
in the posterior part of the maxilla compared to tooth-
borne SARME after 1 month, whereas approximately 
equal anterior and posterior skeletal expansion 
of the maxilla with the two treatment modalities 
was observed after 6 month. Segmental Le Fort I 
osteotomy with fixation of the transverse expansion 
on the floor of the nose with a biodegradable plate 
seems to facilitate a more parallel segment shift 
without tilting of the segments.

Transverse dental arch expansion and relapse of the 
maxilla

Transverse dental arch expansion and relapse of the 
maxilla have been assessed in two studies [4,25]. A 
retrospective analysis of dental cast models obtained 
preoperatively and post-expansion demonstrated an 
anterior and posterior dental arch expansion of 2.75 
mm (range 0 to 4.5 mm) and 3.75 mm (range 2.5 to 
7.5 mm) with segmental Le Fort I osteotomy, and 
8.5 mm (range 4.5 to 10.5 mm) and 7 mm (range 5 
to 9.5 mm) with tooth-borne SARME, respectively 
[4]. The transverse dental relapse as evaluated by 
measurements obtained from post-expansion to 24 
months after post-expansion showed that the anterior 
and posterior dentoalveolar relapse was 0.25 mm (range 
-2.5 to 3.5 mm) (25%) and 0.75 mm (range -5 to 0 
mm) (20%) with a segmental Le Fort I osteotomy, and 
2.5 mm (range -6 to 1 mm) (28%) and 3 mm (range 
-3.5 to 3 mm) (36%) with SARME, respectively. 
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Table 2. Characteristics of the included studies

Study Year of 
publication

Patients 
(n)

Material and methods Outcome measures

Surgical 
technique

Transverse 
deficit 
(mm)

Material
Follow-

up 
(months)

Skeletal expansion 
(mm)

Dental expansion 
(mm)

Skeletal relapse 
(mm)

Dental relapse 
(mm)

Total dental 
expansion 

(mm)
Complications

Patient-
related 

outcome 
measures

Marchetti 
et al. [4] 2009 20

Segmental 
LFI: 10 < 6

Dental 
cast 24 NR

After expansion:
Canine: 2.75 

(range 0 to 4.5);
Molar: 3.75 

(range 2.5 to 7.5) NR

24 months:
Canine: -0.25 

(range -2.5 to 3.5);
Molar: -0.75 

(range -5 to 0)

24 months:
Canine: 1.75 

(range 0 to 5);
Molar: 3.25 

(range -1 to 5) NR NR

SARME: 
10 > 6

After expansion:
Canine: 8.5 

(range 4.5 to 10.5);
Molar: 7 

(range 5 to 9.5)

24 months:
C: -2.5;
M: -3

24 months:
Canine: 5.25 

(range 2.5 to 9);
Molar: 5.25 

(range 2.5 to 9.5)

Seeberger 
et al. [24] 2015 32

Segmental 
LFI with 
BDP: 12

NR CBCT 9

9 months: 
3.92

NR NR NR

9 months:
Canine: 

2.13 (SD 2.4);
Molar: 

4 (SD 3.7) None NR

SARME: 
20

9 months: 
2.94

9 months:
Canine: 

6.37 (SD 3.92);
Molar: 

5.09 (SD 5.38)

Yao et al. 
[25] 2015 13

Segmental 
LFI: 9 < 3 - 6 <

CBCT 6

1 months:
AE: 1.94 (SD 0.93);
PE: 3.43 (SD 1.24)

1 months:
Canine: 

1.01 (SD 0.68);
Molar: 

2.17 (SD 0.9)

6 months:
AE: -0.55 (SD 0.55);
PE: -0.86 (SD 0.42)

6 months:
Canine: 

-0.39 (SD 0.24);
Molar: 

-0.77 (SD 0.38) NR
No surgical 

or orthodontic 
complications

NR

SARME: 4 > 6
1 months:

AE: 2.25 (SD 1.79);
PE: 0.5 (SD 0.24)

1 months:
Canine: 

5.33 (SD 2.42);
Molar: 

10 (SD 1.4)

6 months:
AE: -0.74 (SD 0.63);

PE: 0.8 (SD 0.54)

6 months:
Canine: 

-0.56 (SD 0.38);
Molar: -1.86

Moralis et 
al. [26] 2016 32

Segmental 
LFI: 18 NR Dental 

cast

10.6
NR NR NR NR

AE: 1.4;
PE: 2.1 NR NRSARME: 

14 36.4 AE: 8.4;
PE: 5.5

CBCT = cone-beam computed tomography; NR = not reported; AE = anterior expansion; PE = posterior expansion; BDP = biodegradable plate; LFI = Le Fort I osteotomy; SARME = surgically assisted rapid 
maxillary expansion; n = number.
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Both treatment modalities significantly increase the 
transverse dental width of the maxilla, but the overall 
relapse rate was more pronounced with a tooth-borne 
SARME. However, the correlation between the 
transverse dental expansion and relapse with the two 
treatment modalities was not compared by statistical 
methods. 
CBCT obtained preoperatively and 1 month 
postoperatively showed that the anterior and posterior 
dental arch expansion was 1.01 (SD 0.68) mm 
and 2.17 (SD 0.90) mm with a segmental Le Fort 
I osteotomy, and 5.33 (SD 2.42) mm and 10 (SD 
1.4) mm with a tooth-borne SARME, respectively 
[25]. The transverse dental relapse as evaluated by 
measurements obtained from 1 month postoperatively 
to 6 months postoperatively showed that the anterior 
and posterior dentoalveolar relapse was 0.39 (SD 
0.24) mm and 0.77 (SD 0.38) mm with a segmental 
Le Fort I osteotomy, and 0.56 (SD 0.38) mm and 1.86 
(SD 1.75) mm with tooth-borne SARME, respectively. 
The change in the dental width expansion and 
relapse was significantly with a segmental Le 
Fort I osteotomy, while the dental expansion was 
significantly increased with SARME. However, the 
dental relapse was not significantly change compared 
to the dental expansion achieved with tooth-borne 
SARME.

Summary

CBCT and dental cast measurements revealed that 
maxillary transverse dental arch expansion and 
relapse seem to be substantial higher with a tooth-
borne SARME compared to a segmental Le Fort I 
osteotomy. 

Definitive transverse dental arch expansion

Definitive transverse dental arch expansion has been 
reported in three studies [4,24,26]. Plaster models 
measurements demonstrated an inter-canine expansion 
of 1.75 mm (range 0 to 5 mm) and an inter-molar 
expansion of 3.25 mm (range -1 to 5 mm) with a 
segmental Le Fort I osteotomy and an inter-canine 
expansion of 5.25 mm (range 2.5 to 9 mm) and an 
inter-molar expansion of 5.25 mm (range 2.5 to 9.5 
mm) with a tooth-borne SARME after 24 months 
[4]. The definitive transverse dental arch expansion 
was significantly increased in both groups, but no 
statistical comparison between the two treatment 
modalities was performed. However, no information 
was provided, whether the final plaster models were 
manufactured after completion of the orthodontic 
treatment. 

Linear plaster models measurements obtained 
preoperatively and after expansion showed an 
anterior width expansion of 1.4 mm and posterior 
width expansion of 2.1 mm with segmental Le Fort 
I osteotomy after 10.6 months [26]. The anterior 
and posterior width expansion was 8.4 mm and 5.5 
mm with tooth-borne SARME after 36.4 months 
[24]. The after expansion plaster models cast were 
manufactured after completion of the orthodontic 
treatment. The definitive transverse dental arch 
expansion was significantly increased in both groups, 
but no statistical comparison between the two 
treatment modalities was performed. 
CBCT measurements demonstrated an inter-canine 
expansion of 2.13 (SD 2.4) mm and an inter-molar 
expansion of 4 (SD 3.7) mm with a segmental Le 
Fort I osteotomy and an inter-canine expansion of 
6.37 (SD 3.92) mm and an inter-molar expansion of 
5.09 (SD 5.38) mm with a bone-borne SARME after 
9 months [24]. No information was provided, whether 
the final CBCT was obtained after completion of the 
orthodontic treatment. The total dental expansion 
was significantly increased in both groups, but no 
statistical comparison between the two treatment 
modalities was performed. 

Summary

The definitive transverse dental arch expansion of 
the maxilla after a segmental Le Fort I osteotomy has 
been compared to SARME demonstrating a significant 
increase in the transverse dental arch width with both 
treatment modalities. However, SARME seems to 
facilitate a larger definitive transverse dental arch 
expansion of the maxilla compared to a segmental 
Le Fort I osteotomy, but a statistical comparison 
between the two treatment modalities has never 
been conducted. Moreover, the transverse maxillary 
deficit was dissimilar among the groups allocated for 
segmental Le Fort I osteotomy or SARME and no 
information was provided in relation to the intended 
transverse expansion of the maxilla with the two 
treatment modalities. 

Frequency of complications

No intra- or postoperative complications were 
reported in two studies [24,25].

Summary

The frequency of complications with the two 
treatment modalities seems to be low and comparable. 
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Patient-reported outcome measures

No study was identified. 

Summary

Patient-reported outcome measures have never been 
compared within the same study. 

Quality assessment

The quality of the included studies is summarized in 
Table 3. All the included studies were considered at 
high risk of bias. Randomization was not performed 
in any of the studies. In addition, blinding of outcome 
assessment, clear explanation of withdrawals and 
drop-outs, were not included.

DISCUSSION

The current knowledge about transverse skeletal and 
dental arch expansion and relapse after segmental 
Le Fort I osteotomy compared to SARME was 
assessed in the present systematic review. A total 
of four studies fulfilled the inclusion criteria [4,24-
26]. All the included studies were characterized by 
high risk of bias and meta-analysis was not possible 
due to considerable variation among the included 
studies. Moreover, the magnitude and location of 
the transverse maxillary deficiency was dissimilar 
between the groups allocated for segmental Le Fort 
I osteotomy or SARME [4,25], and none of the 
included studies provided information about the pre-
surgical orthodontic expansion, or the anticipated 
transverse dental arch expansion of the maxilla 
with the two treatment modalities. Consequently, 
the included studies were not matched according 
to initial maxillary dental arch width, the initial 
occlusion and no quantification of the required 
transverse expansion in each region was described. 
Therefore, several confounding factors influence the 
outcome measures and the conclusions of the present 
systematic review should be interpreted with caution.  

Further randomized matched studies comparing the 
two treatment modalities are therefore required to 
substantiate the preliminary conclusions of the present 
systematic review. 
A variety of aspects including the location and 
magnitude of the maxillary transverse deficiency, pre-
surgical orthodontic expansion, length of stabilization 
period and different maxillary osteotomies may 
influence the long-term stability after transverse 
expansion of the maxilla with the two treatment 
modalities. Segmental Le Fort I osteotomy and 
SARME provides a dissimilar expansion pattern 
for correction of maxillary transverse deficiency in 
postadolescent, and direct comparison of the absolute 
transverse skeletal and dental expansion and relapse 
between the two treatment modalities is difficult 
owing to the inherent differences in the indications for 
selecting one procedure over the other. In the present 
systematic review, two studies preferred SARME 
when the maxillary transverse deficiency was more 
than 6 mm and segmental Le Fort I osteotomy 
when it was below 6 mm [4,25]. However, it is not 
explained how and where the width of the maxillary 
transverse deficiency is measured. A multi-piece Le 
Fort I osteotomy creates a more posterior and parallel 
skeletal transverse expansion of the maxilla, whereas 
a two-piece Le Fort I osteotomy expands in a hinge-
like fashion with more transverse expansion in the 
posterior maxillary region. Conversely, SARME 
displayed a more V-shaped opening of the midpalatal 
suture with greatest amount of transverse widening 
in the anterior maxillary region declining towards 
the posterior aspect of the palate, as well as more 
dental expansion compared to skeletal expansion due 
to tilting of segments during the distraction process. 
Similar findings have been described in two of the 
included studies in the present systematic review 
[24,25]. Seeberger et al. [24] described a parallel 
segment shift without tilting of the segments with a 
two-piece Le Fort I osteotomy compared to a slight 
V-shaped opening from anterior to posterior and 
segment tilting with bone-borne SARME. Yao et al. 
[25] reported a greater correlation between dental and 
skeletal changes with segmental Le Fort I osteotomy, 

Table 3. Quality assessment of comparative studies

Study Random selection 
in the population

Definition of inclusion 
and exclusion criteria

Report of losses 
to follow-up

Validated 
measurements

Statistical 
analysis

Risk of 
bias

Marchetti et al. [4] No No - Yes Yes High
Seeberger et al. [24] No No - Yes Yes High
Yao et al. [25] No No No Yes Yes High
Moralis et al. [26] No No - Yes Yes High

- = not relevant.
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indicating bodily separation of the segments, whereas 
tooth-borne SARME showed noteworthy dental and 
skeletal tipping. However, the type and placement of 
the distraction devices may influence the magnitude 
of transverse maxillary widening by SARME and a 
bone-borne appliances at the first molar will create a 
more parallel transverse expansion of the maxilla.
The direction and magnitude of segmental tilting 
associated with SARME may also be influences by the 
surgical osteotomies [20,21]. The pterygomaxillary 
junction is considered as an area of resistance to 
maxillary expansion and it is still debatable whether 
to perform pterygomaxillary disjunction for the 
correcting of transverse maxillary deficiencies using 
SARME. Three-dimensional finite element analysis 
of stress distribution and displacement of the maxilla 
following SARME demonstrated that a paramedian 
osteotomy with pterygomaxillary disjunction is an 
effective procedure for increasing the transverse 
expansion of the maxilla with less stress around the 
anchor teeth [27]. Moreover, a positive correlation 
has been described between pterygomaxillary 
disjunction and greater posterior alveolar and 
palatal expansion, whereas greater anterior dental, 
alveolar, and palatine expansion was correlated to 
non-pterygomaxillary disjunction SARME [28,29]. 
Nevertheless, a recent published systematic review 
concluded that the literature is inconclusive regarding 
the effect of pterygomaxillary disjunction on the 
outcome of SARME [30]. In the present systematic 
review, pterygomaxillary disjunction varied among 
the included studies. Bone-borne SARME with 
pterygomaxillary disjunction opened nearly parallel, 
while tooth-borne SARME without pterygomaxillary 
disjunction showed noteworthy dental and skeletal 
tipping [24,25]. Consequently, pterygomaxillary 
disjunction should be based on individual 
requirements including a quantification of the required 
transverse maxillary expansion in each region. 
Preoperative orthodontic expansion has been 
claimed as one of the main sources of transverse 
postoperative relapse [9]. Therefore, preoperative 
orthodontic therapy should be segmentalized 
without any attempt to expand the dental arch 
perimeter prior to a segmental Le Fort I osteotomy. 
Moreover, widening of the maxillary dental arch 
with SARME as a preliminary procedure should be 
considered in transverse maxillary deficiencies with 
wide black buccal corridors and dental crowding, 
to avoid increased risk, inaccuracy, and instability 
associated with a segmental Le Fort I osteotomy. 
Therefore, the amount and location of the anticipated 
dental arch expansion is an important factor in case 
selection for treatment of maxillary discrepancies 

in postadolescent patients. Consequently, the 
treatment planning should include a meticulous 
clinical and radiographic examination of the maxillary 
arch form and symmetry, dental crowding, unilateral 
or bilateral cross-bite, shape of the palatal vault, width 
of the buccal corridors, occlusion, and predominant 
mode of breathing or other facial deformities before 
determining the orthodontic and surgical method and 
type of distraction device. 
The length of the stabilisation period following 
SARME seems to influence the long-term transverse 
stability [9,24], and skeletal retention has been 
recommended for 6 to 12 months [1]. Studies using 
a six month retention period reported less relapse 
compared with those that used a three month 
stabilization period [24]. Various methods have been 
advocated to reduce the potential for transverse 
instability after segmental Le Fort I osteotomy [5,9-
12]. Seeberger et al. [24] used biodegradable plates 
that were fixed on the nasal floor to stabilize the 
achieved transverse expansion after segmental Le 
Fort I osteotomy revealing a stable postoperative 
results after 9 months. Similar surgical technique 
has previously been published demonstrating no 
significant effect on the transverse stability, but 
a tendency for less relapse in cases with large 
transverse expansion of the maxilla [9]. Consequently, 
stabilization of the transverse skeletal expansion 
with biodegradable plates or autogenous bone block 
grafts at the palatal osteotomy site may improve the 
stability after segmental Le Fort I osteotomy, but 
long-term randomized studies are needed to verify this 
assumption. 
The frequency of intra- and postoperative 
complications was not reported in all the included 
studies, but when reported, no surgical or orthodontic 
complications were described [24,25]. Serious 
complications after orthognathic surgery involving 
blindness, death and brain abscess have previously 
been described in the literature, but the most common 
complications to segmental Le Fort I osteotomy and 
SARME comprise pain, infection and bleeding [31-
34]. Hence, the frequency of intra- and postoperative 
complications in the included studies seem to low 
and in accordance with the frequency of reported 
complications in the literature [34].
Patient-reported outcome measures are essentially 
subjective reports of patients’ perceptions of their 
oral health status and its impact on their daily life 
or quality of life. The influence of different oral 
rehabilitation options on improvement of orofacial 
aesthetic, chewing function, and oral health-
related quality of life is an important prerequisite 
for selection of the best rehabilitation procedure 
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for the patient with the highest treatment effect 
and lowest morbidity. Oral Health Impact Profile 
questionnaire, Orofacial Esthetic Scale, Diagnostic 
Criteria for Temporomandibular Disorders (DC/TMD) 
questionnaire and Chewing Function Questionnaire 
are commonly used methods for assessment of 
patient-reported outcome measures. However, none 
of the included studies assessed patient-reported 
outcome measures.
The greatest limitation of the present systematic 
review was that the non-matched study groups as 
well as the non-uniform study structure, specifically 
in the selection of surgical procedure, definition of 
evaluation measurements, outcome measures and 
variables. There is no standardized measurement for 
assessment of the skeletal and dental arch expansion 
and relapse after segmental Le Fort I osteotomy 
or SARME. Consequently, long-term randomized 
clinical trials using matched groups and highly 
accurate three-dimensional measurements to assess 
the skeletal and dental alterations are needed to 
increase our knowledge about long-term stability with 
these two treatment modalities. 

CONCLUSIONS

The hypothesis of no differences in transverse skeletal 

and dental arch expansion and relapse with segmental 
Le Fort I osteotomy compared to surgically assisted 
rapid maxillary expansion could neither be confirmed 
nor rejected due to insufficient knowledge. Both 
treatment modalities increase the transverse skeletal 
and dental arch width of the maxilla. However, the 
transverse dental arch expansion and relapse seem 
to be substantial higher with tooth-borne surgically 
assisted rapid maxillary expansion compared to 
segmental Le Fort I osteotomy. Considering the 
methodological limitations of the studies included in 
the present systematic review, long-term randomized 
clinical and radiographic studies assessing the 
transverse skeletal and dental arch expansion and 
relapse with the two treatment modalities are needed 
before final conclusions can be provided on this topic. 
Therefore, further clinical studies involving three-
dimensional skeletal and dental measurements with 
more than one year of follow-up after debanding of 
the orthodontic appliances is recommended
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