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ABSTRACT

BACKGROUND: Maxillary expansion in adults is object of intense controversy and is still considered an unreliable pro-
cedure within the orthodontic community. Therefore, the surgically assisted rapid maxillary expansion is still considered
the elective treatment nowadays. The aim of this study is to evaluate the efficacy of a nonsurgical maxillary expansion
treatment in adult patients with unilateral or bilateral crossbites and to assess the occurrence of related complications,
such as pain and tissue swelling, tipping of the posterior teeth and gingival recessions.

METHODS: Maxillary expansion using a Hyrax appliance on the upper first premolars and first molars was performed
in 29 patients ranged between 18 and 32 years, mean age of 22+4 years. The sample included 13 patients with unilateral
crossbite and 16 with bilateral crossbite. The statistical analysis was carried out using the SPSS Statistics version 23.0. An
analysis of the paired data obtained on dental casts before and after treatment was performed using the Student’s #-test.
RESULTS: The posterior crossbite was fully corrected in all patients. The procedure was well tolerated, and pain, swell-
ing or discomfort was not significant. Statistically significant differences were found between the interdental widths for
all pairs, with a P<0.001 for all of them, except in the measurements of canines, in which P=0.001. Measurements of
clinical crown height at the beginning (T;) and at the end (T)) of treatment were performed for the same teeth. An increase
of the clinical crown height between 0.14 and 0.44 mm was found for premolars and molars.

CONCLUSIONS: The results indicate that nonsurgical maxillary expansion in adult patients is an efficient method for
correcting transverse deficiency in the maxillary arch. Similarly, the level of complications during treatment was not
clinically significant, thus this procedure may be considered a safe treatment.

(Cite this article as: Ghergu Jianu A, Chaqués-Asensi J, Llamas Carreras JM, Perillo L. Nonsurgical maxillary expansion
in adults: report on clinical cases using the Hyrax expander. Minerva Stomatol 2019;68:95-103. DOI: 10.23736/S0026-

4970.19.04178-5)

KEey worps: Palatal expansion technique - Gingival recession - Adult.

axillary expansion was first proposed by

Angell in 1860, using a device to support
the premolars.! Upon activation, the device in-
creased the width of the palate, creating an in-
terincisal diastema together with many other
dental and skeletal effects due to the maxillary
expansion treatment.2- 3 In 1961, Haas presented
a new maxillary expansion apparatus he had de-
signed;# this device was later modified by Bieder-
man.5 In 1954, Subtenly et al. showed that the re-
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positioning of maxillary fragments was slower in
adult patients, attributing this to the closure of the
palatine suture. The zygomatic and pterygomax-
illary regions were subsequently found to exhibit
even greater resistance than the palatine suture.®
It was therefore concluded that osteotomy could
be used in adult patients to reduce or eliminate
these resistant regions, helping to facilitate max-
illary expansion. Although a surgical technique
for opening the median palatine suture was first
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described in 1938.7 it was not until the middle of
the 20t century that the technique was further de-
veloped with the help of improved infection con-
trol protocols, thus a wide range of authors soon
proposed different techniques based on oste-
otomies at various different levels.®12 However,
many complications can arise from different sur-
geries at the dental, skeletal, mucogingival, and
muscular levels, as well as complications caused
by the surgical procedures involved. In more re-
cent years, several researchers have published
studies on nonsurgical maxillary expansion,!3-19
providing another possible alternative to correct
a constricted upper arch. The most frequently
observed side effects at a general level involve
only light discomfort,'3: 14 with only one of the
studies finding some patients to have experienced
pain, edema or palatine lesions, although these
complications did not prevent full treatment.!4 At
the dental level, gingival recession was the most
commonly observed adverse effect.!>-17 The lit-
erature has shown that when maxillary expan-
sion is carried out on adult patients, the increase
in basal bone is less than that of children, which
is compensated by greater buccal inclination of
the maxillary premolars and molars!’- 18 ITn addi-
tion, several studies indicate that increased buc-
cal tooth inclination may trigger gingival reces-
sion,20-23 although not all of the studies found a
strong correlation.24-26 Therefore, buccal inclina-
tions of the posterior teeth may present a limiting
factor for a maxillary expansion treatment with-
out the use of surgery in adult patients.

The aim of this study is to analyze the expan-
sion that occurred in 29 adult patients who have
undergone an orthodontic treatment that includ-
ed a maxillary expansion. Measurements of the
crown height of molars and premolars were also
evaluated in order to assess the buccal attach-
ment loss and the potential occurrence of gingi-
val recession.

Materials and methods

Patient selection was carried out in two orth-
odontic clinics (JML and JCA) between 2003
and 2014. The inclusion criteria were:

+ patients with completed growth of 18 years
or older at the beginning of the treatment;
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« complete records before and after orthodon-
tic treatment available:

+ previous presence of transverse maxillary
deficiency in which the maxillary cusps of at
least two premolars and/or maxillary molars oc-
cluded on the central fossa of the antagonist’s
teeth;

* need of maxillary expansion for the correc-
tion of their malocclusion;

« willingness to collaborate in the present
study in which the analyzed data consisted in
dental casts taken at the beginning and at end of
the orthodontic treatment.

Patients with congenital anomalies were ex-
cluded from the study.

This retrospective study was conducted with
the approval of the Coordinating Ethics Com-
mittee of Biomedical Research of Andalusia,
University Hospitals, Protocol number 001, Date
of approval 9/8/2016. All the patients signed a
consent form to be included in the study. The
sample consisted of 29 patients, 14 women and
15 men, with a mean age of 22+4.25 years;
ranged between 18 and 32 years at the beginning
of treatment. Specifically, the mean age of the
14 women included in the study was 23.14+4.91
years, whereas the mean age of the 15 men was
21.94+3.35 years. The patients in the study in-
cluded 13 with unilateral crossbite and 16 pa-
tients with bilateral crossbite.

The maxillary expansion was performed us-
ing Hyrax expander with a central screw of 11
mm (GAC International, Dentsply, Islandia,
NY, USA) soldered to bands on the upper first
premolars and first molars. The expanders were
cemented with glass ionomer cement (Ketac
Cem®, 3M ESPE, Seefeld, Germany). Once the
appliance was cemented, the screw activation
began on the same day. Family members of the
patients were taught how to activate the expan-
sion screw a quarter-turn every two days (0.25
mm/day). The average duration of the expan-
sion was 50+6 days. Maxillary expansion was
performed until complete correction of posterior
crossbite in all cases. However, the overcorrec-
tion was carried out to a greater or lesser de-
gree, depending on the individual patient factors
including age, level of expansion achieved and
risk of side effects. Once the transversal com-
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pression was corrected, the expansion screw
was sealed using a 0.012” stainless steel orth-
odontic wire in order to use the appliance as
fixed retainer. After the expansion was complet-
ed and the screw was sealed, the appliance was
kept in place between 6 and 9 months, with an
average time of 30 weeks. The average length
of the orthodontic treatment including both the
expansion phase and posterior treatment with
multibrackets fixed appliances was 2.63+0.73
years. The brackets used for orthodontic treat-
ment were self-ligating metal brackets (Smart
Clip®; 3M Unitek Oral Care) with a posterior
torque prescription of 0° for upper premolars
and molars.2’

Dental casts of the 29 patients were taken at
the beginning of the expansion treatment (T,)
and at the end of the orthodontic treatment (T)).

GHERGU JIANU

If gingival inflammation was present at the end
of the treatment, the final dental casts were tak-
en between 12 and 14 days following comple-
tion of treatment, after the gingival inflamma-
tion healed, so as to avoid inaccurate measure-
ments. Two types of measurements were taken
using the dental casts: dental arch width and the
clinical crown height of canines, premolars and
molars, excluding the third molars. Maxillary
arch width of the canines was measured using
the canine cusps as reference. For premolars
and molars, measurements were taken using
three points of reference: buccal, occlusal and
palatal. To measure buccal distances in premo-
lars, the buccal cusps were used as reference,
while the mesiobuccal cusps were used for mo-
lars (Figure 1). For the measurements in which
the occlusal areas were used as reference, the
caliper was placed on the central area of the pre-
molars’ pit and on the central area of the mesial
pit in molars (Figure 2). The references used
for palatal measurements were the palatal cusps
of premolars and mesiopalatal cusps of molars
(Figure 3).

Height measurements of clinical crowns of ca-
nines were measured from their cusp to the high-
est point of concavity of the gingival margin. For
premolars, the measurements were taken from
the tip of the buccal cusp to the highest point of
concavity of the gingival margin. However, the
measurements of first molars were taken from
the most occlusal margin of the buccal groove up
to the gingival margin, directly under the buccal
groove (Figure 4).

Figure 2.—Occlusal distances measurements.
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Figure 3.—Palatal distances measurements.
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Figure 4 —Height measurements of clinical crown.

Statistical analysis

The analysis of the results obtained was carried
out using the SPSS Statistics version 23.0. An
analysis of the paired data obtained in the dental

TABLE L.—Analysis of interdental distance measurements.
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casts taken before and after treatment was per-
formed using the Student’s s-distribution test.
The statistical descriptive data is presented us-
ing the mean and the standard deviation. All the
measurements were repeated by the same ob-
server after a two-week interval. The two sets of
repeated measurements were used to calculate
the method error using the Dahlberg’s formula.
Moreover, the intra-observer agreement for all
the dental cast measurements using an intraclass
correlation coefficient was calculated.

Results

The data obtained and the statistical analysis
is presented in Table 1, II. Table I displays the
buccal, occlusal and palatal measurements ob-
tained at the beginning (T,) as well as at the end
of treatment (T,). A small variability is found in
the increase of the interdental distance depend-
ing on the reference point used for this measure-
ment: buccal, occlusal or palatal. The range is
as follows: for the cuspid, 2.33 mm; for the first
premolar, between 5.12 mm and 5.33 mm; for
the second premolar between 5.43 mm and 5.84
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Reference Tooth N. Time Mean SD T,-T, P value
Buccal First premolar 29 T, 36.22 3.23 5.33 0.000
T, 41.55 2.08
Second premolar 24 T, 40.85 4.01 5.84 0.000
T, 46.69 2.29
First molar 29 T, 45.97 3.60 4.50 0.000
T, 50.47 3.20
Second molar 27 T, 52.85 4.08 297 0.000
T, 55.82 3.65
Occlusal Canine 26 T, 31.21 2.82 2.33 0.001
T, 33.54 1.36
First premolar 29 T, 30.91 3.10 5.12 0.000
T, 36.03 1.86
Second premolar 24 T, 35.63 3.76 5.43 0.000
T, 41.06 2.14
First molar 29 T, 41.05 3.23 3.97 0.000
T, 45.02 3.13
Second molar 27 T, 47.82 3.93 237 0.000
T, 50.19 3.45
Palatal First premolar 29 T, 25.79 3.07 5.30 0.000
T, 31.09 1.97
Second premolar 24 T, 30.54 3.99 5.65 0.000
T, 36.19 2.51
First molar 29 T, 34.95 3.47 4.50 0.000
T, 39.45 3.65
Second molar 27 T, 42.32 4.32 2.53 0.000
T, 44.85 3.75
98 MINERVA STOMATOLOGICA April 2019
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TAaBLE Il.—Analysis of clinical crown height measure-

menis.

Tooth N.  Time Mean SD T,-T, Pvalue

Canine 55 T, 9.1 1.09 030 0.000
T, 941 1.05

First premolar 58 T, 7.11 117 044 0.000
T, 755 135

Second premolar 47 T, 586 1.07 026 0.002
T, 612 096

First molar 58 T, 498 1.07 0.14 0.062
T, 512 1.04

Second molar 56 T, 428 1.13 028 0.001
T, 456 1.01

mm,; for the first molar between 3.97 mm and 4.5
mm; and for the second molar between 2.37 mm
and 2.97 mm. Statistically significant differences
were found between the interdental widths for all
pairs, with P<0.001 for all of them, except in the
measurements of canines, in which the P=0.001.

Table Il provides the measurements of clini-
cal crown height at the beginning (T,) and end
(T,) of treatment. The mean increase of the clini-
cal height measurement at the end of treatment
was 0.28 mm. Specifically, the range of buccal
attachment loss was 0.30 mm for the cuspids; for
the first bicuspids 0.44 mm; for the second bi-
cuspids 0.26 mm; for the first molars 0.14 mm
and for the second molars 0.28 mm. The differ-
ence between the right and left side of the arch
was minimal for the measurements performed
in all the teeth, with a range between 0.06 and
0.08 mm, except for the first premolars where the
difference found was 0.22 mm. Since the Hyrax
appliance was anchored onto the first premolars
and first molars, it could be expected to obtain a
greater degree of buccal attachment loss in these
teeth. Indeed, that was the case for the first pre-
molars that showed the maximal attachment loss;
however, the first molars showed a completely
opposite trend, presenting the smallest changes
in clinical crown height measurements.

To assess the reliability of the results obtained
by the examiners, each of the 58 dental casts was
measured by a second, random examiner, each
of whom compared the results with the original
measurements and found no significant differ-
ences. When analyzing the interdental measure-
ment of the upper canines, premolars, and molars
at T, and T, the distance increases in all cases
at the end of treatment and the increase is found
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in all the points of reference used for the same
tooth: buccal, occlusal and palatal. The final
height of the clinical crowns was lower than the
initial height in a few cases. Since the measure-
ments were performed once the gingival inflam-
mation, if present at the end of treatment, had
been eliminated, gum swelling could not be re-
sponsible for the decrease in the clinical crown
height. It can be speculated that the gingival
status of some teeth could have improved after
treatment in spite of the expansion procedure
due to a correction of their initial malposition, a
better alignment or a correct occlusion. As men-
tioned before, this situation of a decreased height
in the clinical crowns was very unusual for all
the teeth but more frequently found for the first
molars followed by the first premolars, canines,
second molars, and second premolars, respec-
tively. The method error values estimated using
the Dahlberg’s formula in the measurements be-
fore and after the maxillary expansion were 0.20
and 0.19, respectively. The intra-observer agree-
ment for the dental cast measurements was 0.99.

Discussion
Nature of the study

This is a retrospective study and the subjects
came from two private orthodontic offices; both
factors may introduce a bias in terms of selec-
tion of the sample or variability in the treatment
protocol. In order to minimize these limitations,
all the subjects treated were included in the study
as long as they met the aforementioned criteria
with no other restriction. The treatment proto-
col was previously agreed by the two operators
and the Hyrax expanders were fabricated in the
same laboratory by the same technician. A limi-
tation of this study is a lack of a control group.
In the future, in order to minimize the impact of
this methodological limitation, the sample size
will be widened and the data of our experimen-
tal sample of patients will be compared with a
matched control groups.

Efficacy/magnitude of expansion

The expansion obtained was of 4.5 mm for the
first molar and 5.3 mm for the first bicuspid and
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the results were statistically significant. This ex-
pansion was sufficient to correct the posterior
crossbite in all cases but the amount of overex-
pansion (which is a part of the routine protocol
used for maxillary expansion in growing individ-
uals) was kept to a minimal in order to reduce the
chances of potential complications. However,
the amount of expansion performed in each case
was decided upon the individual requirements of
the malocclusion. In our study the sutural com-
ponent of the expansion was not expected and,
most likely, was not present in the majority of
the cases, unlike what happens in growing pa-
tients. However, the amount of expansion ob-
tained in our sample of adult patients is similar
to the results reported by other studies in mixed
dentition or in growing individuals.28-30 As re-
ported by Handelman,!” maxillary expansion in
the adult patients takes place at the dentoalveolar
level with expansion of the teeth along with the
alveolar process (rather than through it), bend-
ing of the alveolar processes and buccal tipping
of the posterior teeth. The combination of these
three components made the amount of expansion
sufficient to correct the maxillary transverse de-
ficiency in all cases, making the procedure clini-
cally effective and efficient.

Hyrax vs. Haas appliance

Previous studies of nonsurgical maxillary expan-
sion in adults have used the Haas expander,!4 17
which is a tooth and tissue borne appliance. In
our study, a Hyrax tooth borne expander an-
chored on the first permanent molars and first
premolars was used. The Haas appliance is sup-
ported onto the palatal surface through the acryl-
ic pads and provides pressure to the palatal vault,
generating a force to the maxillary base, whereas
the Hyrax transmits its force exclusively through
the four anchor teeth, which might generate a
greater amount of dental tipping. In our study,
direct measurement of the molar tipping was not
carried out but previous reports using the Haas
appliance!” reported 3° of molar tipping on each
side as a result of the expansion procedure and it
could be speculated that the buccal inclination of
the molars could be greater with the Hyrax ap-
pliance:; however, there is no clear evidence. In
our study, the interarch increased measured at the
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mesiopalatal cusp of the first molars (4.5 mm)
was similar to the one obtained by Handelman
at the cervical contour of the palatal side of the
molars (4.6 mm) but smaller than the one report-
ed at the mesiopalatal cusp (5.7 mm). Therefore,
Handelman found a greater amount of expansion
at the palatal cusp level (5.7 mm) than at the cer-
vical contour of the palatal side of the molars (4.6
mm). It could be argued that this difference is re-
lated to the molar tipping since the buccal incli-
nation of the tooth might affect more the position
of the palatal cusp than the position of the pala-
tal surface of the molars. Since there is no direct
estimation of the molar tipping, a similar corre-
lation cannot be done in our study. However, in
spite of the difference in the appliance design, the
amount of expansion obtained in first premolars
(5.3 mm) and second premolars (5.6 mm) in our
study, measured at the palatal cusp level, was
similar to the one reported with the Haas expand-
er'” (4.9 mm and 5.7 mm for the first and second
premolar, respectively), measured at the cervical
contour of the palatal side of the teeth.

What is the precise nature of the expansion in
nonsurgical adult patients is a question that re-
mains controversial. Handelman has proposed
that the pressure of the acrylic pads of the Haas
appliance against the palatal surface would in-
duce remodeling of the palatal vault, generating
an expansion that takes place mostly at the mid-
palatal level: he defines the process as maxillary
alveolar expansion”. Furthermore, in agreement
with Epker et al.,3! he advocates that bending of
the palatal walls in a buccal direction would in-
duce bone formation. While the data reported by
Handelman is consistent with this concept, the
interpretation that the acrylic pads of the Haas
appliance are responsible for the remodeling is
questionable. In our study the Hyrax appliance
was used and the data obtained for the transversal
measurements were in close agreement with the
data reported with the Haas expander. Moreover,
dentoalveolar expansion necessarily occurred in
our experimental group in spite of using a tooth
borne appliance. Otherwise, expansion would be
a consequence of dental translation alone and,
therefore, a severe degree of dental tipping would
be found. Likely consequences of that would in-
clude the inability to generate a proper occlusion
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and clinically significant gingival recessions in
most cases. None of these parameters were ob-
served in our study. Patients finished with a good
settled occlusion and buccal attachment loss was
minimal, without any clinical significance.

A continuation of the present study will con-
sider a Cone Beam Computerized Tomography
analysis in the repositioning of the teeth within
the alveolar bone and the remodeling of the al-
veolar processes.

Morbidity/complications

Previous studies of nonsurgical palatal expansion
are very limited. In 1987 Alpern and Yurosko
published one of the few studies in which a max-
illary expansion is carried out in adults with and
without surgery.!3 Their study included a group
of 82 patients with age lower than 25 years, in
whom a maxillary expansion was performed
without surgical assistance, and a second group
of 25 patients with an average age of 30, who had
undergone surgery before the expansion. Non-
surgical patients showed minimal discomfort.
Maxillary expansion was carried out successful-
ly in all cases. No lumps were felt during palpa-
tion, consistent with root fenestration. Moreover,
the study stated that the expansion results were
stable. This study provided important results re-
garding maxillary expansion in adults younger
than 25 years, as the same clinical results were
observed as in patients treated with surgery. In
addition, no adverse effects were observed in as-
sociation with the nonsurgical treatment. In 1996
Capelozza et al. published a study on 38 adult
patients younger than 21 years old treated with
maxillary expansion without surgery using the
Haas appliance, activating the screw four-quar-
ter turns a day in order to split the palate.'# The
article states that the expansion was successful
in most cases, as a diastema was created in the
central incisors in 81.5% of the patients. How-
ever, side effects varied from mild discomfort
to pain, swelling, and palatal injuries in 78% of
the patients, although in most cases such effects
did not compromise the expansion. Moderate
maxillary expansion, enough to provide a satis-
factory occlusion, was achieved in most cases;
however, the frequency of complications seemed
somewhat discouraging. More recently, in a
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study including 47 adult patients who underwent
nonsurgical palatal expansion with the Haas ap-
pliance activating the screw every other day,
Handelman reported palatal swelling and pain
in nine of them and headaches in one patient. In
our study the expansion was performed with the
Hyrax appliance activating the screw every two
days and palatal swelling was not a complication
in any of them. Initial discomfort was a common
finding but patients were instructed to stop the
expansion if acute pain was present: that was not
necessary in any of the patients. Special care was
taken in appliance design and fabrication in or-
der to obtain a correct adjustment with bands not
invading the gingival sulcus of the anchor teeth.
Pericoronal inflammation of the gingival contour
was not observed and the appliance showed a
good tolerance throughout the expansion proce-
dure. According to these data, it is tempting to
conclude that the level of morbidity can be kept
to a minimum if certain parameters are taken
into consideration. Namely, a good adjustment
and fabrication of the appliance, activation of the
screw no faster than one turn every other day and
age of the patients below 30 years.

Gingival recession

Clinical crown height changes were measured
for cuspids, first and second premolars and first
and second molars on both sides as an estima-
tion of buccal attachment loss for these teeth.
Measurements for the right and left side were
very close and did not show a statistically sig-
nificant difference. Analysis of the data was
performed for males and females together. The
mean increase at the end of treatment was 0.28
mm, smaller than the one reported by Handel-
man of 0.55 mm. Similarly, the comparison of
our measurements on premolars and first molars
with the results obtained by Handelman showed
relevant differences for the first molar measure-
ments, because we obtained a mean difference of
0.14 mm while Handelman reported 0.3 mm of
mean difference for the male subgroup and 0.6
mm for the female subgroup. These differences
cannot be explained by the amount of expansion,
very similar in both studies, but for other factors
such as the mean age of the subjects, the initial
clinical crown height, the preexisting periodontal
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status,?? or the different protocol used for over-
correction in the patients.

Buccal attachment loss is a common finding
in adult orthodontic treatment but this does not
necessarily cause a gingival recession. It has
been reported that recession does not take place
unless 3 mm of attachment loss is present. In
the present study the level of attachment loss was
of a much lesser degree and root exposure was
not evident in any of the cases. However, the in-
creased height of the clinical crowns was of 0.44
mm for the first premolars. This clinical crown
elongation, even if it did not carry out a gingival
recession, could be considered meaningtul since
it is unlikely to happen without an active expan-
sion in adult patients. Therefore, caution should
be advised in those patients undergoing this pro-
cedure if they exhibit, prior to the treatment, a
limited thickness of the cortical bone at the level
of the bicuspid area assessed either by clinical
examination or by CBCT evaluation.

Conclusions

The nonsurgical maxillary expansion carried out
in a group of 29 adult patients allowed for the
correction of unilateral and bilateral crossbites.
The appliance used was a properly fabricated
and adjusted Hyrax expander and the protocol
prescribed to turn the screw one time every other
day.

The increase in the interdental widths at the
end of treatment was of 4.3 mm for the first mo-
lars, 5.3 mm for the first premolars and 5.6 mm
for the second premolars. These results are ex-
tremely close to the ones reported by Handelman
both in adults and children undergoing expan-
sion with the Haas appliance.!”

After a follow-up retention period of 36
years, no relapse of the crossbite was clinically
observed and the transverse occlusal coordina-
tion seemed to be correct in all the patients.

Measurements of the dental tipping were not
directly performed, however the palatal cusp, oc-
clusal fossa and buccal cusp level measurements
before and after treatment were extremely close.

Gingival recession was not observed in any of
the patients, buccal attachment loss was present
but to a minor degree; then differences in clinical
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crown height were not clinically significant and
did not carry out adverse consequences.

Therefore, nonsurgical maxillary expansion
performed with the Hyrax appliance can be pro-
posed as a safe and treatment alternative to the
surgically assisted maxillary expansion to cor-
rect transverse deficiencies in adult patients,
especially in patient below 30 years of age with
healthy periodontal status. Further research is
necessary in order to improve and expand the
limited amount of data currently available in this
promising field.
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