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A study was made to determine whether skeletal alterations usually produced by rapid maxillary
expansion may be compensated for in time by growth and/or comprehensive orthodontic treatment.
In 30 patients, orthodontic treatment was started with rapid maxillary expansion, followed by fixed
appliances, not combined with any other form of orthopedic device. Mean treatment time was 3.1
years. Nine measurements from the Ricketts analysis were studied, based on lateral cephalometric
radiographs. Records were taken before orthodontic treatment and after completion of active
therapy. A statistical analysis was made of the nine variables used, reflecting the vertical and
anteroposterior skeletal proportions of the face, contrasting the changes before and after treatment.
Of all the variables studied, the four that change with age according to the Ricketts analysis
(mandibular plane angle, maxillary height, facial depth and facial convexity), yielded statistically
significant differences after treatment, indicative of normal growth. The five remaining variables that
remain constant with age according to the Ricketts analysis (facial axis, lower facial height, total
facial height, palatal plane inclination and maxillary depth) showed no significant changes after
treatment, also indicative of normal growth. (AM J ORTHODDENTOFACORTHOP1996;109:361-7.)

Studies of skeletal changes after rapid maxillary expansion (RME) have to date been carried
out using cephalometric data collected before and
immediately after active expansion. It is widely accepted that these changes consist of a drop of the
maxilla (generally in association with forward displacement) and a posterorotation of the mandible,
due to the extrusion of the upper molars and the
outward inclination of the upper alveolar process.
This would generally improve patients with skeletal
Class III malocclusions and worsen Class Il and
open bite problems.':"
We are of the opinion that in subsequent periods
these alterations might undergo almost complete
compensation relapse. However, none of the authors
reviewed performed studies after a period that followed the interruption of RME. Only Wertz" published a study of 60 patients in which a third set of
records was taken. Thus, in addition to the measurements performed before and after active RME, he
repeated the recordings after 3 months of retention
with the passive RME device. This third set of measurements revealed the beginning of the return of
both maxilla and mandible to their original positions
with maintenance of the arch length.
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Our clinical impression is that the unfavorable
changes induced by the RME device, e.g., open bite
or mandibular posterorotation, are reversible. In
general, when terminating comprehensive orthodontic treatment we found that these undesirable
effects had been almost completely resolved. Thus
growth, the effect of the orthodontic treatment
itself, or both compensate all the vertical alterations produced up to that point by the RME
device. Therefore the aim of the present study was
to investigate the long-term consequences of this
type of treatment on the facial skeletal pattern. To
this effect, we evaluated 30 patients subjected to
RME, final records being taken on completion of
orthodontic treatment rather than immediately after active expansion.
MATERIAL

AND METHODS

Thirty patients (22 girls and 8 boys) from three
private orthodontic practices were studied. Mean patient
age was 12.1 years (range 7 to 17 years) at the start of
treatment (Table I). According to Ricketts classification," the patients fell into three predominant facial
types: dolichofacial (n = 15), mesofacial (n = 8), and
brachifacial.(n = 7). As to the type of skeletal malocclusion present, 15 patients were Class I, 5 Class 11, and 10
Class Ill. All patients were initially treated by rapid
expansion of the upper jaw, followed by the application
of fixed orthodontic appliances. None wore any other
type of orthopedic device. Intermaxillary elastics were
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Fig. 1. Haas-type rapid maxillary expansion device used in all cases in this study, in position
within mouth.

used in 18 cases, whereas extractions were performed in
15 patients. Mean treatment duration was 3.1 years.
Rapid maxillary expansion was carried out with a
Haas-type apparatus (Fig. 1), consisting of four bands.
The posterior bands were fitted on the first two upper
molars, and the anterior bands on the first two upper
premolars or (in the case of mixed dentition) on the first
two temporary molars. The anterior and posterior bands
of each hemiarch were welded together by 0.045-inch
wires, which in turn were welded to a central 14 mm
expansion Hyrax-type screw. Each full turn of the screw
produced an expansion of 0.9 mm. The entire device was
covered with autopolymerizing acrylic occupying the
palatal zone.
The device activation protocol involved a quarter
turn every 12 hours, starting with the teeth in crossbite,
until the upper palatal cusp contacted the lower vestibular cusps (Fig. 2). The mean activation period was 21
days, with weekly patient follow-ups. After screw ligation, the RME device was left in place as retention for 4
months, during which conventional fixed orthodontic
treatment was initiated.
All patients had complete diagnostic records before
and after full orthodontic treatment, including lateral
cephalometric radiographs. Sixty radiographs were studied with measurements taken from the Ricketts cephalometric analysis." The following nine variables were
evaluated before and after treatment (Figs. 3, 4, and 5):
1. Variables measuring vertical skeletal proportions
• Facial axis indicates the direction of mandibular
growth with respect to the cranial base. Norm
= 90° ± 3° (mean ± SD). No change with age.
• Lower facial height relates the vertical position of
the mandibular body to the upper jaw. Norm =
47° ± 4° (mean ± SD). No change with age.

Table I. Age distribution

I
Age

,i"i</"i

12.1

(in years)
SD

I--x-F-l-'na-l-S-D--

2.2

15.2

2.7

• Mandibular plane angle positions the mandibular
plane with respect to Frankfort plane. Norm =
26° ± 4° (mean ± SD) for 9-year-old patients, with
a decrease of 1° every 3 years.
• Maxillary height indicates the vertical position of
the maxilla with respect to the cranial base.
Norm = 53° ± 3° (mean ± SD) for 9-year-old patients and increases 0.5° yearly.
• Total facial height describes the position of the
mandibular body with respect to the cranial base.
Norm = 60° ± 3° (mean ± SD). No change with
age.
• Palatal plane inclination indicates the inclination of the palatal plane with respect to Frankfort plane. Norm = 1° ± 3S (mean ± SD). No
change with age.
2. Variables measuring anteroposterior

skeletal proportions

• Maxillary depth indicates the anteroposterior position of the maxilla. Norm = 90° ± 3° (mean ±
SD). No change with age.
• Facial depth indicates the anteroposterior position
of the mandible. Norm = 87° ± 3° (mean ± SD)
for 9-year-old patients with an increase of 1° every
3 years.
• Facial convexity indicates the anteroposterior position of the maxilla with respect to the anteropos-
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Fig. 2. Palatal cusps of upper molars in contact with vestibular
expansion is terminated at this point.

Fig. 3. Four of cephalometric
variables used to evaluate
vertical skeletal proportions:
total facial height (TFH), lower
facial height (LFH), maxillary height (MH), and mandibular
plane (MP). Arrows show increase or decrease of changes
observed after treatment.

terior position of the mandible. Norm = 2 ±
2 mm (mean ± SD) for 9-year-old patients with a
decrease of 1 mm every 3 years.
All radiographs were directly digitized by the same
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cusps of lower molars. Rapid maxillary

Fig. 4. Two additional variables used to evaluate vertical
skeletal proportions: facial axis (FA) and palatal plane (PP).

person, without previous tracing, and the variables measured by a computerized cephalometric program (QuickCeph from Orthodontic Processing, Chula Vista, Calif.).
Data were statistically processed by the Stat- View program (Abacus Concepts, Berkeley, Calif.). The significance of the changes observed was determined by apply-
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Fig. 5. Three cephalometric variables used to evaluate anteroposterior skeletal proportions: maxillary depth (MD), facial
depth (FD), and facial convexity (Fe). Arrows show increase or

decrease of changes observed after treatment.

ing the paired t test, and accepted as statistically significant when p s; 0.05.
Before measurement recording and analysis of the
data, the error of the method was established. To quantify the error because of the localization of the cephalometric points involved in the measurement of the variables of our study, the same operator digitized (J-month
interval) all points used on the 60 radiographs on two
separate occasions.
Correlation analysis revealed a mean correlation coefficient (R) of 0.85 (SD = 0.11; range between 0.62 and
0.94) for the double measurements. The mean magnitude of error for each cephalometric variable (Xi) was
determined from the following mathematical formula:
V~(XA -XB)2/2N.15 This magnitude was 0.57 mm in the
case of the only linear measurement used (facial convexity), and always under 2.0° for the angular measurements;
actually, the mean value of the method error for angular
measurements was 1.27° (SD = 0.31°; range between
0.94° and 1.76°).
Finally, to evaluate separately the changes observed
after treatment in the two extreme facial types and
because of the small size of the subgroups (brachifacial
n = 7, and dolichofacial n = 15), we used the Wilcoxon
Signed Rank test, a nonparametric test analogous to the
paired t test.

Table 11 shows descriptive statistical data
(mean ± SD) for all the variables used, before any
treatment and after the orthodontic treatment was
completed.
With respect to the variables that do not vary
with age in the Ricketts analysis, we can see in
Table 11 that the facial axis underwent no significant changes on average, which suggests that the
direction of growth remained constant. The lower
facial height and the total facial height likewise
failed to modify on average after treatment. The
palatal plane inclination did not vary significantly
on average with respect to Frankfurt plane, either,
and the maxillary depth underwent no significant
changes on average, suggesting the absence of anteroposterior upper jaw displacement.
On the other hand, with respect to the variables
that do vary with age in the Ricketts analysis, we
can also see in Table 11 that the mandibular plane
angle underwent a mean significant decrease of
1.2°, from an initial average of 27.2° to a final 26.0°.
This suggests a forward and upward mandibular
rotation, i.e., in the normal direction of growth.
Maxillary height in turn increased significantly 1.7°
on average, reflecting a descent of the upper jaw
with respect to the cranial base. i.e., in the normal
direction of growth also. Finally, facial depth increased 1.0° on average, indicating an anterior
displacement of the mandible with respect to nasion, and facial convexity decreased 1.0 mm on
average, i.e., the maxilla receded anteroposteriorly
with respect to the mandible. Both changes were in
the normal direction of growth.
Table III shows the comparison of the cephalometric variables studied, before and after treatment, in the 15 patients with dolichofacial pattern.
In general, results agree with those of the whole
sample, although the changes show a lower level of
statistical significance, probably because of the
small number of cases.
Similar results for the same variables are shown
in Table IV for the brachifacial patients (n = 7).
Nevertheless, none of the changes observed were
statistically significant after treatment. This could
also be due to the small size of this subsample.
DISCUSSION

Earlier investigations+'v":" reported a greater
number of changes of different signs. However,
these studies were always carried out on completing the opening of the midpalatal suture, or no
later than 3 months after passive retention with the
RME device.'

,
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of certain sample morphologic characteristics before (T 1) and after

treatment (T2)
T,

T2

Proportions

i

SD

i

Vertical
Facial axis (degrees)
Lower facial height (degrees)
Mandibular plane (degrees)
Maxillary height (degrees)
Total facial height (degrees)
Palatal plane (degrees)

87.5
47.2
27.2
60.8
61.7
1.0

5.1
5.2
5.6
3.8
5.9
5.4

86.9
47.4

Anterior-posterior
Maxillary depth (degrees)
Facial depth (degrees)
Facial convexity (mm)

89.4
88.7
0.7

3.3
3.8
2.7

SD

Paired t test

4.3

ns
ns
**
**
ns
ns

5.3
5.7
4.0
5.3
4.5

26.0
62.5
61.6
1.7

89.4

3.4

89.7
-0.3

3.6
3.0

ns
**
**

**(p :5 0.01); ns, statistically not significant.

Comparison of certain sample morphologic characteristics before (T 1) and after treatment (T2)
in the dolicholfacial group (n = 15)

Table Ill.

T,
Proportions

Vertical
Facial axis (degrees)
Lower facial height (degrees)
Mandibular plane (degrees)
Maxillary height (degrees)
Total facial height (degrees)
Palatal plane (degrees)
Anterior-posterior
Maxillary depth (degrees)
Facial depth (degrees)
Facial convexity (mm)

i

I

84.1
50.1
30.4

T2
SD

i

2.9
3.7
4.1
2.9
4.4

2.8
4.5
4.9
3.4

ns
ns
ns

3.9
4.5

ns
ns

3.7
3.2
0.7

ns

62.1
65.6
0.9

4.2

83.9
50.0
29.1
63.9
65.3
0.9

89.1
87.2
1.9

3.1
2.7
2.2

88.7
88.2
2.7

SD

Wilcoxon
signed-rank
test

I

*(p :5 0.05); ns, statistically not significant.

According to some aurhors.Y" the facial axis
opens to yield an increase in vertical facial dimension shortly after finalizing RME. These and most
other authors':":" caution against the use of such
treatment in patients with a tendency to vertical
growth and skeletal open bites, However, in our
study and 3 years after concluding RME, the facial
axis was found to not vary significantly on average,
This means that the mean direction of growth stays
constant, as reflected by comparing radiographs
before and after full orthodontic treatment. An
important consideration here is that the mean
change for the facial axis in the 15 dolichofacial
subjects studied also did not show statistically significant differences after treatment.
Lower facial height likewise failed to yield sig-

nificant changes on average after treatment, as in
normal growth. It may thus be stated that, in our
sample, the mandibular body axis does not vary its
position vertically with respect to the upper jaw.
As in normal growth, the mandibular plane
inclination was found to decrease on average after
treatment. According to Ricketts, the norm for this
value is 26 ± 4 (mean ± sd) for 9-year-old patients, and decreases 1 'every 3 years. Thus growth
leads to mandibular anterorotation, due to greater
growth posteriorly than in the anterior part of the
mandible. The mandibular plane angle therefore
becomes more horizontal. Authors who have investigated mandibular changes immediately after
RME2,3,5,9,13 describe mandibular posterorotation.
Although these authors did not employ Ricketts'
0

0
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Table IV. Comparison of certain sample morphologic characteristics before (T 1) and after treatment (T2)
in the brachifacial group (n = 7)
T}

T2

i

SD

Vertical
Facial axis (degrees)
Lower facial height (degrees)
Mandibular plane (degrees)
Maxillary height (degrees)
Total facial height (degrees)
Palatal plane (degrees)

93.2
40.4
20.6
59.6
54.6
-0.9

3.8
3.3
2.7
3.0
3.4
5.8

9l.8
40.9
19.3
60.6
54.7
0.5

3.2
3.2
2.8
3.4
2.5
4.1

ns
ns
ns
ns
ns
ns

Anterior-posterior
Maxillary depth (degrees)
Facial depth (degrees)
Facial convexity (mm)

89.6
9l.8
-2.0

3.4
3.0
2.6

89.7
92.6
-3.1

3.3
2.7
3.0

ns
ns
ns

i

SD

Wilcoxon
signed-rank
test

ns, statistically not significant.

cephalometric method, such movements reflect an
opening of the mandibular plane angle; this is
contrary to our own observations on studying the
changes at the end of an average of 3 years of full
orthodontic treatment.
Three months after retention, Wertz" described
a systematic recovery of mandibular posterorotation. Costa" and Bishara and Staley? reported a
partial recovery of this movement also during retention. Specifically, Bishara and Staley" observed a
10% to 15% recovery of the skeletal changes in
general. It thus seems that if this movement begins
to recover or relapse in retention with the passive
RME device, posterorotation fully recovers after
removal of the latter (and continuing full fixed
orthodontic treatment for an average of 3 years).
Indeed, the mandibular plane angle even closes,
becoming more horizontal than at the start of
treatment. The treatment can therefore not be said
to have influenced the normal evolution of the
mandibular plane, for after 3 years it is seen to have
changed in the same way and almost with the same
intensity as in individuals not subjected to orthodontic treatment. According to this study, RME
could be performed whenever required to secure a
favorable development of the upper jaw under
compression, even when the mandibular plane is
quite open.
Maxillary height was found to increase 1.7 on
average with treatment, i.e., the upper jaw descended with respect to the cranial base to that
amount. This agrees with normal growth, for according to Ricketts, the angle increased OS yearly. Thus,
the net increase after an average of 3 years of treatment would be 1.SO. The literature on vertical skel0

etal displacement of the upper jaw after RME
agrees that the latter descends, either parallel or
rotating anteriorly or posteriorly, and that a 1 to
2 mm descent of the upper jaw is the norm.' The
change observed in our sample after 3 years of treatment is perfectly compatible with normal growth.
As to total facial height, this angle measures the
relationship between the mandibular body and the
cranial base. In the present study, this relationship
showed no significant changes on average, as it
happens in normal growth.
The palatal plane inclination showed no significant changes on average in the present study.
According to Ricketts, this variable is measured
with respect to the Frankfort plane. Ail authors
consulted found the palatal plane to descend under
the effect of RME. This descent is either parallel to
its initial position (as reported by Wertz" in a
number of cases) or the result of posterior rotation.3,4,12.13 These authors also described anterior
rotations in a smaller percentage of patients. Nevertheless, Sarver and Johnston'" found their directly cemented device to always produce posterior
rotation. In our study and 3 years after the first
recordings, no significant changes were observed,
i.e., although the maxilla descended and, on average, the palatal plane changed its inclination in 0.7
of anterior rotation (1.00 vs 1.70), this observation
cannot be accepted as significant statistically.
In our sample, maxillary depth underwent no
significant changes as with normal growth. Thus no
changes seem to have occurred in the anteroposterior position of the upper jaw after orthodontic
treatment, 3 years after concluding RME. Previous
authors reported a slight maxillary displacement
0

•.
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forward (never greater than 1.5 mm, according to
Wertz"); nevertheless, in some cases the maxilla is
seen to recede. According to Carrefio and Menendez'? and Bishara and Staley,? the final position of
the upper jaw is unpredictable. Wertz" in his third
recording, 3 months after retention, described a
return of point A to its initial position in 50% of
the cases. As noted, no changes in the anteroposterior position of the maxilla were noted in our
sample 3 years after treatment. This suggests that,
if changes did happen just after RME, they disappeared later on as the maxilla continued to return
to its initial position after rapid expansion.
In our sample, facial depth underwent statistically significant changes on average. The 1 increase observed implies that the mandible advanced with respect to nasion, as occurs at the
yearly rate of 0.33 in normal growth. Thus, after 3
years, the increase with growth equals one full
degree, as seen in the present study, and cannot be
attributed to the RME performed at the beginning
of full orthodontic treatment. Most authors agree
that mandibular backward displacement is the result of the posterorotation produced by rapid expansion, with a retrusion of poi~t B. Only Wertz'
described a forward displacement of point B in a
number of cases. He claimed that the mandible can
be propelled or retruded with RME, exhibiting
moreover a routine return to the initial position
during retention, 3 months after concluding rapid
expansion. Our results do not contradict these
observations.
Facial convexity significantly decreased by 1 mm,
on average, after the 3 years of treatment. In this
sense, growth also causes a 0.33 mm yearly decrease.
This phenomenon is due to the likewise physiologic
advance of the mandible, which inclines the nasionpogonion plane (facial plane) forward, thereby
shortening the distance between the latter and point
A. Several authors-":":" described an advance of
point A with RME, measured when concluding suture opening. Thus our results regarding this variable differ from those of earlier studies. However,
this difference could be explained by the fact that
our measurements were preformed at different
times than those of earlier studies, i.e., 3 years after
active growth and not just after RME.
0

0

CONCLUSIONS

1. Three years after initiating orthodontic treatment, we observed no vertical or anteroposterior facial skeletal differences between the
initial and the final records that could be at-
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tributed to the RME, with which orthodontic
treatment was initiated.
2. The statistically significant changes seen 3
years after taking the initial records were
only those expected from normal growth.
3. Thus the classically described skeletal alterations resulting from RME, such as anterior
open bite and mandibular posterorotation,
seem to be compensated for or corrected in
the course of orthodontic treatment. Nevertheless, this compensation does not seem to
be a major consequence or effect of treatment itself but of function, which allows that
growth evolves normally, without great variations. The continued changes would likely be
a consequence of normal growth.
4. Future studies made of RME cases, well
after removal of all retaining appliances,
would be of value to determine ultimate
status of dentofacial components.
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