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Abstract. The purpose of this study was to compare the efficacy and the patients’
subjective symptomatology between surgically assisted rapid maxillary expansion
(SARME) with midpalatal split and SARME without midpalatal split. The sample
consisted of 24 consecutive adult patients requiring treatment with SARME, who
were divided into two groups. Group 1 patients (n = 14) underwent SARME with
midpalatal split, and group 2 patients (n = 10) underwent SARME without
midpalatal separation. The efficacy of the technique was assessed in relation to the
presence of a diastema between the upper incisors and radiographic evidence of
separation of the maxillary bones in the midpalatal suture. The patients’
symptomatology was evaluated using pain scores. The results demonstrated a
greater efficacy for group 1 (P = 0.00). The discomfort of surgery assessed
immediately postoperative and at 14 days postoperative was similar in the two
groups. Both surgical techniques were tolerated by the patients; the midpalatal
separation did not influence patient discomfort due to surgery. The two groups
showed a statistically significant difference regarding discomfort during appliance
activation and pain during the postoperative phase, with group 2 showing greater
discomfort.
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Rapid maxillary expansion has been used
effectively to correct transverse maxil-
lary discrepancies in children and ado-
lescents up to the pubertal stage.1 With
skeletal maturity there is an increase in
midpalatal suture resistance and a reduc-
tion in facial skeletal flexibility.2,3 Con-
sequently, orthopaedic maxillary
expansion is more difficult to achieve,1,3
and in some cases it is feasible only with
surgical procedures.4–12 It is important to
highlight that individual variability in the
fusion of the midpalatal suture can occur,
and this individual variability is not di-
rectly related to age, particularly in
young adults.13,14 An accurate diagnosis,
including individual assessment of the
maturation of the midpalatal suture,14
must be performed to determine whether
a patient is a suitable candidate for either
conventional or surgically assisted rapid
maxillary expansion.14,15

Despite well-defined indications for
surgically assisted rapid maxillary expan-
sion (SARME), a wide variety of surgical
approaches exist, and there is currently no
consensus regarding the surgical approach
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to use.8,16 Surgeons often determine the
surgical technique based on their experi-
ence and preference, which leads to con-
siderable variations.10,17 The use of
combined osteotomies in the anterior
and lateral areas of the maxilla, in the
suture, and in the pterygomaxillary
regions in order to allow maxillary expan-
sion in adult patients has been reported in
the literature.

The surgeries are principally based on
the areas of resistance to maxillary dis-
junction. The midpalatal suture is not
considered the principal area, but it is
one of the areas of resistance to maxillary
expansion. Recently, Lee et al. demon-
strated the high stress concentration in
the midpalatal suture during maxillary
expansion, using finite element models.3

Previous studies have compared surgeries
performed with and without pterygomax-
illary disjunction, because the pterygoid
junction is one of the areas of resistance to
maxillary expansion.2,18–20 However,
analysis of the midpalatal separation is
lacking.9,21,22 Freitas et al.9 and Chung
and Goldman22 evaluated surgery involv-
ing the midpalatal split; however, they did
not compare the results of midpalatal split
surgery with the results of surgery without
the midpalatal split.

One method of surgical midpalatal split
is performed with a chisel.4 Many profes-
sionals believe that this procedure is ex-
tremely uncomfortable to the patient,
especially in surgeries performed under
local anaesthesia.5 Freitas et al. evaluated
the efficacy of SARME under local anaes-
thesia with midpalatal separation using a
chisel, and the authors reported that all
patients stated some discomfort during
the surgical hammer beats used to split
the maxilla in the median palatine suture.9

The literature on this issue is scarce. Studies
are needed to evaluate the patient’s subjec-
tive symptomatology, because surgeons
must consider not only the efficacy of the
technique but also the patient’s perception
when choosing the surgical procedure.

An increasing number of adults are
presenting for orthodontic treatment, and
the correction of a skeletal transverse dis-
crepancy is required in many cases. Thus,
the purpose of this study was to compare
the immediate efficacy and the intraoper-
ative and postoperative subjective assess-
ment of symptomatology in patients
undergoing SARME with and without
midpalatal separation.

Materials and methods

After clinical evaluation and analysis of
the initial orthodontic records, 24 adult
patients (18 females and six males) were
recruited consecutively into the study. The
patients ranged in age from 18.3 to 31.8
years (mean 24.29 � 3.48 years). The
study inclusion criteria were as follows:
transverse maxillary skeletal deficiency
(>5 mm); skeletal maturity; presence of
maxillary first premolars and maxillary
first or second molars on both sides, with
good structural and periodontal conditions
to allow cementation and activation of the
fixed expansion appliance; favourable
physiological conditions of the cardiovas-
cular system; no pre-existing medical con-
traindication to surgical procedures.
Patients with severe asymmetry, limited
periodontal health, and/or with congenital
craniofacial deformities were excluded.
This study was approved by the necessary
institutional review board; written in-
formed consent was obtained from all of
the patients.

The patients were divided into two
groups. Group 1 comprised 14 individuals
who underwent SARME with midpalatal
split (10 female, four male; mean age
24.44 � 3.22 years). Group 2 comprised
10 individuals who underwent SARME
without midpalatal separation (eight fe-
male, two male; mean age 24.08 � 3.81
years). The Hyrax expander appliances
(Hyrax II; Dentaurum, Ispringen,
Germany) were cemented to the maxillary
first molars and the first premolars. The
appliances were scheduled for insertion as
close as possible to the date of the surgical
procedure. Two experienced senior oral
and maxillofacial surgeons performed the
surgeries. The surgeries were performed
under local anaesthesia, as reported previ-
ously in the literature.4,5 The patients were
not sedated because one of the objectives
was to perform an intraoperative subjec-
tive assessment of the patient’s symptom-
atology.

In group 1, the SARME was performed
through the technique described by Bell,
in which a partial bilateral maxillary
osteotomy from the piriform aperture to
the pterygomaxillary fissure is done.4 The
pterygomaxillary sutures were kept intact.
The midpalatal disjunction was made
using a surgical hammer and a thin straight
chisel positioned between the central inci-
sors and directed towards the palatine
direction. During surgery, the screws of
the appliance were activated 2 mm (eight
turns). After a 2-day latency period, the
patients were instructed to activate the
screw two turns (0.5 mm) twice a day,
completing 1 mm of activation each day.4

In group 2, the technique proposed by
Glassman et al. was used.5 A bilateral
maxillary osteotomy was performed from
the piriform rim to the zygomatic-maxil-
lary buttress, ending just anterior to the
pterygoid fissure, to break the resistance of
the maxillary tuberosity and the contact
between the maxilla and the zygomatic
bones. The pterygomaxillary sutures were
kept intact. The midpalatal suture was not
separated during the procedure. During
surgery, the screws were activated 1 mm
(four turns). After a postoperative latency
period of 2 days, the patients were
instructed to activate the screw one turn
(0.25 mm) twice a day, completing
0.5 mm activation each day.5

The degree of expansion was calculated
for each patient; expansion was continued
until an overexpansion of 2–3 mm was
observed. After expansion, the screws
were fixed using ligature wire to avoid
mobility of the expansion screw. The dif-
ference in relation to activation was due to
the surgical technical protocol recommen-
dations followed.4,5

The patients in both groups received
exactly the same postoperative medication
and instructions. After the active treatment
phase, the appliance was used as a passive
retainer for 120 days. There were no drop-
outs or appliance failures during this
study.

The efficacy of the technique was
assessed in relation to the presence of a
diastema between the upper incisors and
radiographic evidence of separation of the
maxillary bones in the midpalatal suture.
To ensure that the midpalatal suture
opened, a clinical evaluation was per-
formed and an occlusal radiograph was
taken immediately after the surgical pro-
cedure and at 14 days postoperative. Clin-
ically, the suture opening was evaluated
by the presence of a diastema between the
maxillary central incisors.23 A senior oral
and maxillofacial surgeon, who was not
involved in the surgical procedure and
who was blinded to the type of treatment,
performed the clinical evaluation. For the
radiographic evaluation, the midpalatal
suture was considered open when a radio-
lucent area was observed in the suture
region.23 A radiologist who was not in-
volved in the surgical procedure and who
was blinded to the type of treatment that
had been performed conducted these eva-
luations. Failure was considered to have
occurred if there was no evidence of a
diastema between the maxillary central
incisors and if an occlusal radiograph of
the maxilla showed radiopacity at the
alveolar crest between the maxillary
incisors. In these cases, a new surgical
procedure was performed after 14 days
of postoperative follow-up, with midpala-
tal split.
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The patient’s symptomatology was
assessed using a questionnaire containing
four questions: (1) How would you rate the
discomfort of your surgery? (2) How
would you rate the discomfort during ap-
pliance activation? (3) How would you
rate your postoperative pain? (4) How
would you rate your postoperative oede-
ma? The first question was asked imme-
diately after the surgical procedure and
was repeated at 14 days postoperative.
The other questions were asked only at
postoperative follow-up (14 days postop-
erative) and addressed the degree of dis-
comfort during the postoperative period.

The discomfort felt during and after the
surgical procedure was measured using a
pain and discomfort numerical visual an-
alogue scale.24–26 The scores were
assigned according to the answers to the
questions relating to postoperative symp-
tomatology and ranged from 0 to 10.
Scores of 0 to 2.5 indicated a comfortable
procedure, without pain or oedema; scores
of 2.6 to 5.0 indicated a tolerable proce-
dure, with pain or a little oedema; scores
of 5.1 to 7.5 indicated an uncomfortable
procedure that was painful or with mod-
erate oedema; and scores of 7.6 to 10
indicated an intolerable procedure with
severe pain or severe oedema.

A power analysis using G*Power soft-
ware version 3.1.3 (Heinrich-Heine-Uni-
versität, Düsseldorf, Germany) showed
that the sample size (10 per group) pro-
vided more than 95.3% power to detect a
significant difference in efficacy between
the groups at a significance level of 0.05.

The mean, median, and standard devia-
tion values for each variable were calcu-
lated for both groups. Fisher’s exact test
was used to evaluate the compatibility of
the groups in relation to the sex distribu-
tion. The independent t-test was used to
evaluate the compatibility of the two
groups in relation to patient age. The
Kolmogorov–Smirnov test was applied
Table 1. Comparison of symptoms between the

Groupb

Question 1
Immediately postoperative

1 

2 

Question 1
14 days postoperative

1 

2 

Question 2 1 

2 

Question 3 1 

2 

Question 4 1 

2 

a Questions: (1) How would you rate the disco
How would you rate your postoperative pain? (

b Group 1: SARME with midpalatal split. Gr
c Significant at P < 0.05.
to determine the normality of the distribu-
tion of data. The treatment efficacy was
compared between the groups using Fish-
er’s exact test. To evaluate the subjective
assessment of symptomatology between
the groups, the Mann–Whitney test was
used. The Wilcoxon test was applied to
compare the answers for discomfort of the
surgical procedure (question 1) immedi-
ately after surgery and at 14 days postop-
erative. For question 1, the Pearson
correlation test was applied to compare
the answers given immediately after sur-
gery and at the 14-day postoperative as-
sessment. The level of significance was set
at 5%. The statistical analyses were per-
formed using Statistica version 5.1 soft-
ware (StatSoft Inc., Tulsa, OK, USA).

Results

The groups were comparable with regard
to sex distribution (P = 1.00) and initial
patient age (P = 0.81).

Efficacy of the technique

A statistically significant difference in the
efficacy of the technique was found be-
tween the groups (P = 0.00). Success was
obtained for all patients in group 1 (effi-
cacy 100%), but in only three cases in
group 2 (efficacy 30%). For the other
seven patients in group 2, it was necessary
to perform a new surgical procedure at 14
days after the initial surgery. This com-
plementary procedure consisted only of a
midpalatal split, which was performed
under local anaesthesia using a surgical
hammer and a thin straight chisel posi-
tioned between the central incisors and
directed towards the palatine direction,
as recommended by Bell.4 Success was
obtained for these seven patients after the
midpalatal disjunction; all of them showed
the presence of a diastema between the
upper incisors and radiographic evidence
 groups.a

Rank sum Mean rank 

201.5 14.39 

98.5 9.85
196.5 14.3 

103.5 10.35
117.0 8.35 

183.0 18.30
136.5 9.75 

163.5 16.35
194.0 13.85 

106.0 10.60

mfort of your surgery? (2) How would you rate t
4) How would you rate your postoperative oede
oup 2: SARME without midpalatal separation.
of separation of the maxillary bones in the
midpalatal suture after the second surgical
procedure.

Subjective assessment of

symptomatology

For both groups, the surgical procedure
was initially classified as tolerable (ques-
tion 1). No difference was observed be-
tween the groups (Table 1). At 14 days
after surgery, when the first question was
asked again, the patients in both groups
considered the procedure as comfortable.
Again, no statistically significant differ-
ence regarding the discomfort of surgery
was observed between the groups (Table
1).

For both groups, the results showed an
alteration in the perception of symptoms
immediately after the procedure and at 14
days after the procedure. Comparing the
discomfort of the surgical procedure, it
was noted that the discomfort immediately
following surgery was greater than that at
14 days postoperative for both groups
(Table 2). After 14 days, the patients
considered the procedure less uncomfort-
able than on the day of surgery. The
Pearson correlation test showed a correla-
tion coefficient of 0.88 for group 1 and
0.73 for group 2.

In the evaluation of symptoms caused
by activation of the expander (question 2),
these were found to be tolerable for
patients in group 1. In contrast, patients
in group 2 found the appliance activation
to be painful or uncomfortable. A statisti-
cally significant difference in the degree of
discomfort during activation of the ex-
pander was found between the groups
(non-parametric Mann–Whitney test;
Table 1).

Although the medication prescribed and
postoperative care were the same in the
two groups, a statistically significant dif-
ference in postoperative pain (question 3)
U-value Z-value P-value

43.5 1.58 0.11

48.5 1.28 0.19

12.0 �3.45 0.00c

31.5 �2.30 0.02c

51.0 1.15 0.24

he discomfort during appliance activation? (3)
ma?
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Table 2. Comparison of discomfort immediately postoperative and at 14 days postoperative by answer to question 1 for each group.a

Group
Question 1

Immediately postoperative Median
Question 1

14 days postoperative Median T+ T� Apr. Normal Z P-value

1 3.0 2.0 55.0 0.00 2.84 0.00b

2 2.25 1.5 36.0 0.00 2.56 0.01b

a Question 1: How would you rate the discomfort of your surgery?
b Significant at P < 0.05.
was found between them (Table 1). The
symptomatology was significantly lower
in group 1 compared to group 2 patients.

No difference was observed between
the groups in relation to oedema in
the postoperative period (question 4)
(Table 1).

Discussion

Despite the advantages of SARME, there
is a lack of consensus in the literature with
respect to efficacy and the subjective as-
sessment of symptomatology between sur-
gical procedures performed with and
without a midpalatal split. The present
study relates some important observations
that should be considered before selecting
the treatment option. The efficacy of the
procedures and the patients’ experiences
of these were evaluated in the present
study.

The principal difference between the
techniques compared in this study was
the midpalatal split during the procedure.
The results showed that the technique
involving the midpalatal separation suc-
cessfully enabled maxillary expansion,
while without the split, the procedure
failed in 70% of cases. The midpalatal
separation is an effective procedure to
ensure maxillary expansion. Employing
a similar surgical technique to that used
to treat group 1 patients, Freitas et al.
showed that minimum osteotomies in
the zygomatic pillars associated with a
midpalatal osteotomy was effective in
the treatment of adult transverse maxillary
deficiency.9 Northway and Meade showed
that the palatal width increased signifi-
cantly when buccal corticotomy was ac-
companied by midpalatal split.21 Shetty
et al., using a photoelastic model, demon-
strated that midpalatal and pterygomaxil-
lary osteotomies are essential for
predictable skeletal expansion in adults,
and the exclusive use of bilateral zygo-
matic buttress osteotomies appears to be
inadequate.27

Regarding the surgical procedure, the
discomfort immediately after the proce-
dure and at day 14 of the postoperative
period was similar in the two groups
(question 1). Both surgical techniques
were tolerable to the patients under local
anaesthesia. The use of a chisel for mid-
palatal separation did not form part of the
patient’s opinion of surgical discomfort.

Although patients in group 1 had a
greater amount of screw activation per
day, the symptomatology during screw
activation was higher in group 2 patients
(question 2). This probably occurred be-
cause of the lower amounts of loading on
the anatomical structures after separation
of the midpalatal suture.3 The maxillary
expansion is facilitated by a greater
amount of osteotomy.19 A more conserva-
tive surgical technique causes greater
stress on the teeth and, therefore, a greater
chance of pain during appliance expan-
sion.19

The postoperative pain was greater for
group 2 patients than group 1 patients
(question 3). This is probably associated
with the pain during screw activation. The
patients cannot disassociate themselves
from these symptoms. The perceptions
of postoperative oedema were similar in
the two groups (question 4).

SARME can be performed either with
the patient under general anaesthesia or
under local anaesthesia.4 The selection of
the type of anaesthesia should consider the
surgical technique as well as the prefer-
ence and behaviour of the patient. The
patient’s tolerance of pain must also be
considered.21 General anaesthesia is pre-
ferred for invasive techniques, with no
discomfort and a predictable outcome.
When a more conservative surgical tech-
nique is chosen,4,5 local anaesthesia is an
interesting option to reduce costs.4,5,9,21

The physical impact of local anaesthesia
and the management of patients under
local anaesthesia are similar to those of
extraction procedures.21 In this study, the
patients were treated under local anaesthe-
sia because the two surgical approaches
used are conservative and have previously
been described in the literature as being
performed under local anaesthesia.4,5

However, it is important to highlight that
surgery performed under local anaesthesia
should not bring about a reduction in the
quantity of skeletal expansion.9

The suture opening was evaluated clin-
ically in terms of the presence of a diaste-
ma between the maxillary central incisors.
Chamberland and Proffit demonstrated
that the development of a diastema is a
predictor that molar expansion has oc-
curred.28 Occlusal radiographs and clini-
cal evaluation were also used by
Magnusson et al. to ensure that there
was suture opening.23

Despite randomized, controlled, and
blinded clinical trials being the gold stan-
dard for the evaluation of therapeutic
interventions, such a design was not pos-
sible for the present study. Randomized
controlled trials assessing surgical inter-
ventions are difficult.29 While surgeon and
patient blinding were not possible in this
study, the evaluation of efficacy was per-
formed by two professionals who were not
involved in the surgical procedure and
who were blinded to the type of treatment.
To validate the data, the compatibility of
the groups was evaluated,30 and the results
showed that the patients were comparable
in terms of sex and age.

Studies evaluating different surgical
techniques have used similar sample
sizes.18,20 The power analysis demonstrat-
ed that the sample size was adequate to
detect a significant difference between the
two groups.

In conclusion, the surgical technique
involving midpalatal separation was found
to be more effective than the surgical
technique without midpalatal separation.
The surgical technique without midpalatal
split failed in the vast majority of cases,
and the patients showed worse postopera-
tive pain and discomfort during expander
activation. Both techniques were tolerable
to the patients under local anaesthesia.
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2. Holberg C, Steinhäuser S, Rudzki I. Surgi-

cally assisted rapid maxillary expansion:

midfacial and cranial stress distribution. Am

J Orthod Dentofacial Orthop 2007;132:

776–82.

3. Lee SC, Park JH, Bayome M, Kim KB, Araujo

EA, Kook YA. Effect of bone-borne rapid

maxillary expanders with and without surgical

assistance on the craniofacial structures using

finite element analysis. Am J Orthod Dento-

facial Orthop 2014;145:638–48.

4. Bell RA. A review of maxillary expansion in

relation to rate of expansion and patient’s

age. Am J Orthod Dentofacial Orthop

1982;81:32–7.

5. Glassman AS, Nahigian SJ, Medway JM,

Aronowitz HI. Conservative surgical ortho-

dontic adult rapid palatal expansion: sixteen

cases. Am J Orthod 1984;86:207–13.

6. Pogrel MA, Kaban LB, Vargervik K, Baum-

rind S. Surgically assisted rapid maxillary

expansion in adults. Int J Adult Orthodon

Orthognath Surg 1992;7:37–41.

7. Betts NJ, Vanarsdall RL, Barber HD, Hig-

gins-Barber K, Fonseca RJ. Diagnosis and

treatment of transverse maxillary deficiency.

Int J Adult Orthodon Orthognath Surg

1995;10:75–96.

8. Koudstaal MJ, Poort LJ, van der Wal KG,

Wolvius EB, Prahl-Andersen B, Schulten

AJ. Surgically assisted rapid maxillary ex-

pansion (SARME): a review of the literature.

Int J Oral Maxillofac Surg 2005;34:709–14.

9. Freitas RR, Gonçalves AJ, Moniz NJ, Maciel

FA. Surgically assisted maxillary expansion

in adults: prospective study. Int J Oral Max-

illofac Surg 2008;37:797–804.

10. Suri L, Taneja P. Surgically assisted rapid

palatal expansion: a literature review. Am J

Orthod Dentofacial Orthop 2008;133:

290–302.

11. Koudstaal MJ, Wolvius EB, Schulten AJ,

Hop WC, van der Wal KG. Stability, tipping

and relapse of bone-borne versus tooth-borne
surgically assisted rapid maxillary expan-

sion; a prospective randomized patient trial.

Int J Oral Maxillofac Surg 2009;38:308–15.

12. Gurgel JA, Tiago CM, Normando D. Trans-

verse changes after surgically assisted rapid

palatal expansion. Int J Oral Maxillofac Surg

2014;43:316–22.

13. Knaup B, Yildizhan F, Wehrbein H. Age-

related changes in the midpalatal suture. J

Orofac Orthop 2004;65:467–74.

14. Angelieri F, Cevidanes LH, Franchi L,
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Mostafa YA, Kuijpers-Jagtman AM. Three-

dimensional prospective evaluation of tooth-

borne and bone-borne surgically assisted

rapid maxillary expansion. J Craniomaxillo-

fac Surg 2012;40:757–62.

30. D’Agostino Jr RB, D’Agostino RB. Estimat-

ing treatment effects using observational

data. JAMA 2007;297:314–6.

Address:
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