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Treatment and posttreatment dentoalveolar
changes following intrusion of mandibular
molars with application of a skeletal 
anchorage system (SAS) for open bite 
correction

The skeletal anchorage system (SAS) consists of titanium anchor
plates and monocortical screws that are temporarily implanted in ei-
ther the maxilla or the mandible as absolute orthodontic anchorage.
With SAS, anterior open bite can be improved by the counterclockwise
rotation of the mandible, accompanied by the intrusion of molars. The
present study was designed to evaluate treatment and posttreatment
dentoalveolar changes following the intrusion of mandibular molars.
Nine adult open bite patients (7 women and 2 men) successfully
treated with SAS were included in the following study. The amount of
intrusion, relapse, and dentoalveolar changes were measured on
cephalometric radiographs, panoramic radiographs, and dental casts.
The results of this study were as follows: (1) the average amount of in-
trusion of the mandibular first and second molars was 1.7 mm and 2.8
mm, respectively; (2) the average relapse rates were 27.2% at the first
molars and 30.3% at the second molars; (3) there were no significant
changes in crestal bone heights, clinical crown length, or root length;
and (4) counterclockwise rotation of the mandible and decrease of an-
terior facial height were observed during treatment. Thus, it was con-
cluded that SAS would be a valid modality to intrude mandibular mo-
lars for correction of open bite. (Int J Adult Orthod Orthognath Surg
2002;17:243–253)

Skeletal open bite has been recognized
as the most difficult malocclusion to cor-
rect in clinical orthodontics, because of the
high frequency of relapse. Generally, open
bite patients are characterized by vertical
dentoalveolar excess in the maxilla and/or
the mandible. Traditionally, open bite has
been corrected by the extrusion of anterior
teeth,1 by surgical maxillary impaction in
adult patients,2,3 or by the inhibition of
molar eruption in growing patients.4–6

Dellinger7 and Barbre and Sinclair8 intro-
duced an active vertical corrector (AVC)
that used the repellent force of magnets
and reported some intrusive effects of mo-
lars in growing open bite patients. Kim9

and Chang and Moon10 introduced a multi-

loop edgewise archwire (MEAW) technique
for open bite correction, which worked by
uprighting the molars and extruding the
anterior teeth subsequent to the alteration
of the occlusal plane. However, with these
kinds of orthodontic mechanics, it is ex-
tremely difficult to reduce the excessive
lower facial height of open bite patients,
because the open bite has been mostly
camouflaged by the extrusion of anterior
teeth, not by the intrusion of molars.

Recently, we developed the skeletal an-
chorage system (SAS), which utilizes tita-
nium miniplates and monocortical bone
screws as absolute orthodontic anchorages,
mostly for correction of skeletal open bite
and Class III malocclusion.11–13 SAS consists
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of a multibracket system with titanium
miniplates that are temporarily implanted
on the cortical bone of the maxilla and/or
the mandible; this enables intrusion, distal-
ization, and protraction of the molars, none
of which can be easily achieved with tradi-
tional mechanotherapies. As described in
our previous report,13 skeletal open bite
characterized by excessive facial height and
a large interlabial gap was successfully cor-
rected by the counterclockwise rotation of
the mandible, accompanied by intrusion of
the mandibular molars.

Although we predicted that the clinical
crown length might be shortened by for-
mation of a pseudo-pocket around the in-
truded molars, our clinical experience actu-
ally showed that the clinical crown length
and the attachment level of the gingiva
have been quite stable in most open bite
patients who underwent SAS treatment. In
addition, it was suspected that the root
apices of the intruded molars might be re-
sorbed or rounded up during orthodontic
treatment. In our previous animal study,14

we found that the root resorption of the
mandibular molars after intrusion was
minimal. With the above considerations in
mind, we aimed to clarify the following
points statistically in this study: changes in
clinical crown length, changes in crestal
bone height, and changes in root length
subsequent to molar intrusion.

Retention has long been an issue in or-
thodontics and is still the subject of a great
deal of research.15–17 We believe that the
improvement of long-term stability after
orthodontic therapy will be one of the
most important research themes in the
coming years. While we have developed a

system for the intrusion of molars that en-
ables the treatment goals for open bite to
be predictably achieved equally as well as
in orthognathic surgery, posttreatment
stability after intrusion of the mandibular
molars is still unclear.

The purposes of the present study were:
(1) to analyze the changes in the total
amount of molar intrusion, clinical crown
length, and crestal bone height after treat-
ment; (2) to evaluate posttreatment
changes of the intruded molars at 1 year
after debonding; and (3) to elucidate differ-
ences in the effects of open bite correction
between SAS and MEAW9,10 as treatment
applications.

Materials and methods

Subjects

Nine patients (7 women and 2 men)
who had undergone orthodontic treat-
ment with SAS at Tohoku University Dental
Hospital were selected. They satisfied the
following criteria for case selection: (1) di-
agnosis of anterior open bite with a long
face and large interlabial gap, (2) successful
treatment, (3) intrusion of the bilateral first
and second mandibular molars, and (4) at
least 12 months of follow-up after debond-
ing. The average age of the patients at the
beginning of treatment was 19.3 years and
ranged from 13.3 to 28.9 years.The average
treatment period was 27.1 months, ranging
from 15 to 40 months, and the period of
SAS application averaged 14.9 months,
ranging from 9 to 22 months. Figures 1a to
1c show the changes in the occlusion of a
typical patient treated with SAS.

244 Sugawara et al

Figs 1a to 1c Intraoral photographs of a typical open bite case treated by using SAS. Photographs were
taken (left) prior to treatment, (center) at debonding, and (right) 1 year after debonding.



SAS preparation and mechanics for intrusion
of mandibular molars 

The fundamental mechanical setup for
intrusion of the mandibular molars is
shown in Fig 2. The miniplates (Leibinger)
or the newer orthodontic anchor plates
(Dentsply-Sankin), both made of pure tita-
nium, were implanted below the root
apices around the first and second
mandibular molars on the cortical bone of
the mandibular body, as described previ-
ously.12,13 Implantation was performed
under local anesthesia, and the titanium
plates were secured with titanium mono-
cortical miniscrews (Leibinger or Dentsply-
Sankin). Intrusive force was applied to each
of the mandibular molars by ligating with
elastic modules between stiff archwires
(0.019-inch � 0.026-inch stainless steel)
and the first hook of the miniplate. We
began SAS treatment 3 to 4 weeks after
implantation, which allowed sufficient
time for the wound to heal.

Cephalometric analysis

Lateral cephalometric radiographs were
obtained at the beginning of treatment im-
mediately before SAS placement (T1), at
debonding ( T2), and at 1 year after
debonding ( T3). Cephalometric radi-
ographs were traced, the right and left
structures were averaged, and then
cephalometric tracings of the mandible in-
cluding all teeth at T1, T2, and T3 were su-
perimposed following Bjork and Skieller’s
method.18 Six reference points were de-
fined on the mandibular first and second
molars, as indicated in Fig 3a. These points
were: the most convex point of the distal
proximal surface (D), the midpoint of the
occlusal surface (O), and the most convex
point of the medial proximal surface of the
crown (M) for both the first and second
mandibular molars. Vertical changes at
each reference point were measured at in-
tervals of 0.25 mm perpendicular to the
functional occlusal plane (FOP) determined
on the T1 tracing. The FOP was defined as
the line connecting the tip of the distal
cusp of the second molar and the tip of the
medial cusp of first molar, as shown in Fig
3b. The vertical distances between each

reference point from T1 to T2 and from T1
to T3 were measured separately. Thus, the
amount of the intrusion was the vertical
change from T1 to T2, and the amount of
relapse was calculated as the vertical
change from T2 to T3.Then, the relapse rate
was calculated as follows: (amount of re-
lapse/amount of intrusion) � 100 (%).

The usual landmarks for cephalometric
analysis were identified on the averaged
tracing, and linear and angular measure-
ments were taken. Twenty-one cephalo-
metric measurements were evaluated
(Table 1). The skeletal changes were ana-
lyzed during treatment and during the 1
year after debonding; in addition, the ef-
fects of treatment on the skeletal changes
were compared between SAS treatment
and MEAW treatment.9,10

Panoramic radiograph analysis

As shown in Fig 3c, the crestal bone
height (Z) and the root length (R) of each
molar were measured on panoramic radi-
ographs.19,20 To standardize the images on
panoramic radiographs, crown length (C),
which did not change during the treatment,
was used as the scale for measurements.
The crown lengths at T1 (C1) and at T2 (C2)
were measured from the cementoenamel
junction (CEJ) to the midpoint of the medial
and distal cusps parallel to the tooth axis.

The crestal bone heights at T1 (Z1) and
T2 (Z2) were measured parallel to the long
axis of the tooth, from the CEJ to the high-
est point of the crestal bone immediately
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Fig 2 Schematic representation of the mechanics
used for open bite correction by SAS. Heavy archwire
ligated in the full arch is tied to the first hook of a tita-
nium miniplate by an elastic module.



medial to the first and second molars and
immediately distal to the first molars ac-
cording to the Baxter method.21 Standard-
ized Z2 (relative crestal bone height at T2
to Z1) was calculated as Rel Z2 by the fol-
lowing formula: Rel Z2 = Z2 � (C1/C2). The
root length was measured along the long
axis of the teeth, from the root apices to
the CEJ in the medial and distal roots. Simi-
lar to the relative crestal bone height, Rel
Z2 (relative rooth length at T2) was calcu-
lated as Rel R2 by the following formula:
Rel R2 = R2 � (C1/C2).

The change in the crestal bone height
relative to the original root length was cal-

culated by the following formula on the
basis of Melsen’s study22: Percentage
change in crestal bone height against orig-
inal root length = (Rel Z2 – Z1) � 100/R1
(%). The amount of root resorption was cal-
culated as follows according to the reports
of Dermaut and De Munck23 and
Costopoulos and Nanda24: Percentage
change in root length = (Rel R2 – R1) �
100/R1 (%).

Dental cast analysis

As shown in Fig 3d, clinical crown lengths
were measured at T1 and T2 on the dental
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Figs 3c and 3d Schematic drawing for the measurements of alveolar bone height, crown length, and root length and method
for the measurement of clinical crown length on the dental cast. All parameters were measured from the CEJ as a zero point
parallel to the long axis of the tooth. Clinical crown length was measured at all 4 cusps on the first and second molars. #36 =
lower left first molar; #37 = lower left second molar; CEJ = cementoenamel junction; Z = alveolar bone height; C = crown length;
R = root length.

Figs 3a and 3b Reference points used for measurement and the method of stability analysis are indicated. Vertical changes
were measured at each point perpendicular to the FOP. D = distal; O = occlusal; M = medial; FOP = functional occlusal plane;
a = amount of vertical movement of the reference point.



cast by calipers at every 0.05 mm following
the method of Zachrisson and Alnaes.25 The
highest point of the marginal gingiva to the
tip of the mediobuccal cusp parallel to the
axis of the mediobuccal cusp was measured.
The same procedure was applied to mea-
sure the clinical crown length at the medi-
olingual, distobuccal, and distolingual cusps.

Statistical analysis

Longitudinal changes between T1 and
T2 or T2 and T3 for each measurement de-
scribed above were statistically evaluated
with a paired t test at P levels of .01 and .05.

Results

Treatment and posttreatment changes in
molar intrusion 

The average amount of intrusion was
1.7 mm (SD 0.91) and 2.8 mm (SD 1.05) at
the first and second molars, respectively
(Fig 4). The average amount of relapse was
0.5 mm and 0.9 mm at first and second mo-
lars, respectively. There was no statistically
significant difference between the changes
at T1–T2 and T1–T3 at both the first and
second molars. The average relapse rates
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Table 1 Cephalometric parameters used in the 
present study

Measurement Interpretation

SNA (deg) Sella-nasion to point A

SNB (deg) Sella-nasion to point B

ANB (deg) SNA minus SNB

Wits (mm) Wits appraisal

FH to MP (deg) Frankfort horizontal plane to mandibular plane

ATFH (mm) Anterior total facial height

ALFH (mm) Anterior lower facial height

Overbite (mm) Horizontal distance between incisor superius
(Is) and incisor inferius (Ii)

Overjet (mm) Vertical distance between Is and Ii

U1 to FH (deg) Upper incisor axis to Frankfort horizontal plane

U6 to PP (deg) Upper first molar axis to palatal plane

L1 to MP (deg) Lower incisor axis to mandibular plane

L6 to MP (deg) Lower first molar axis to mandibular plane

FMIA (deg) Frankfort horizontal plane to mandibular 
incisor axis

U1-PP (mm) Vertical distance between Is and palatal plane

U6-PP (mm) Vertical distance between upper first molar tip
and palatal plane

U7-PP (mm) Vertical distance between upper second molar
tip and palatal plane

L1-MP (mm) Vertical distance between Is and mandibular
plane

L6-MP (mm) Vertical distance between upper first molar tip
and mandibular plane

L7-MP (mm) Vertical distance between upper second molar
tip and mandibular plane

Facial angle (deg) Nasion–anterior nasal spine to pogonion

Fig 4 Average vertical changes and standard deviation (vertical bars)
during the treatment and 1 year posttreatment. T1 = pretreatment; T2 =
debonding; T3 = 1 year after debonding.



were 27.2% and 30.3% at the first and sec-
ond molars, respectively.

Cephalometric changes during treatment
and posttreatment period

The cephalometric measurements at
each time point and changes in measure-
ments during treatment and the posttreat-
ment period are indicated in Table 2. Dur-
ing SAS treatment, the anterior lower facial
height (ALFH) (P < .01), mandibular plane
angle (FH to MP) (P < .05), and the lower
molar height at the first and second molars
(L6-MP and L7-MP) (P < .01) were reduced
significantly. On the other hand, overbite (P
< .01) and maxillary molar height (U6-PP)
(P < .05) increased significantly. The extru-
sion of the upper and lower incisors was

minimal. Most of these significant differ-
ences were maintained until 1 year after
debonding on average; however, FH to MP
and the ALFH increased by 0.4 degree and
0.6 mm on average, respectively.

Changes in crestal bone height and root
length during treatment 

As shown in Table 3, no statistically sig-
nificant differences were observed between
Z1 and Rel Z2, except at #46D. The average
percentage of change in crestal bone
height was 1.7%. The difference in the per-
centage of change in crestal bone height
versus the original root length, even at
#46D, did not exceed 2.7%. Taken together,
the relative position of the crestal bone to
the CEJ was stable during treatment.
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Table 2 Cephalometric changes during treatment (mean ± SD)

T2–T1 T3–T1

Variables TI T2 T3 Mean P Mean P

Skeletal

Sagittal

ANB 4.5 ± 2.0 3.8 ± 1.9 4.0 ± 1.9 –0.7 NS –0.6 NS

SNA 83.5 ± 2.7 83.2 ± 3.0 82.9 ± 2.8 –0.3 NS –0.6 NS

SNB 79.0 ± 2.4 79.4 ± 2.4 79.0 ± 2.3 0.4 NS 0.0 NS

Wits –2.4 ± 3.2 –1.3 ± 2.7 –2.0 ± 1.7 1.1 NS 0.4 NS

Vertical

FH to MP 33.1 ± 2.1 31.7 ± 2.4 32.2 ± 3.0 –1.3 * –0.9 NS

ATFH 129.5 ± 7.4 128.5 ± 7.4 128.8 ± 7.4 –1.0 NS –0.7 NS

ALFH 76.1 ± 5.8 74.6 ± 6.0 75.2 ± 5.8 –1.5 ** –0.9 NS

Dental

Overbite –2.8 ± 1.8 2.1 ± 0.8 1.2 ± 0.8 4.9 ** 4.0 **
Overjet 1.7 ± 1.5 3.0 ± 0.8 2.2 ± 0.5 1.3 NS 0.5 NS

Angular

U1 to FH 117.8 ± 5.4 114.7 ± 5.2 115.7 ± 5.9 –3.0 * –2.1 NS

L1 to MP 94.1 ± 4.5 89.8 ± 4.9 92.2 ± 4.7 –4.3 * –1.9 NS

FMIA 52.8 ± 4.8 58.5 ± 4.7 55.6 ± 5.3 5.6 ** 2.7 *
Vertical

U1-PP 29.8 ± 3.1 30.9 ± 3.3 30.7 ± 3.1 1.1 * 0.9 **
U6-PP 24.0 ± 3.0 25.0 ± 2.8 25.1 ± 2.5 1.0 ** 1.1 **
U7-PP 21.7 ± 3.0 23.2 ± 2.6 22.9 ± 2.7 1.5 ** 1.2 **
L1-MP 44.5 ± 3.9 45.8 ± 4.1 45.3 ± 4.3 1.3 * 0.9 NS

L6-MP 35.7 ± 4.1 33.9 ± 4.1 34.2 ± 4.4 –1.8 ** –1.6 **
L7-MP 33.1 ± 4.1 29.8 ± 4.8 30.9 ± 4.6 –3.3 ** –2.2 **

NS = P > .05; *P < .05; **P < .01.



Statistically significant differences be-
tween root lengths at intruded molars be-
tween R1 and Rel R2 were observed at
#36M, #37M, #37D, #46M, and #47M (Table
4). The average amount of root resorption
was 0.9 mm, ranging from 0.4 mm at #46D
to 1.6 mm at #37M. The average percent-
age change in root length was 5.7%, rela-
tive to R1.

Changes in clinical crown length during
treatment 

A very small but insignificant amount of
change was noted in clinical crown length,
as measured on the dental casts. The aver-
age clinical crown length of first and sec-
ond mandibular molars was 4.6 mm at T1
and 4.6 mm at T2 ( Table 5). The small

amount of change noted was in the sec-
ond decimal point, so it can be considered
negligible. A slight elongation of the clini-
cal crown length was observed at the buc-
cal side of the molars, but no significant
differences were observed.

Discussion

Open bite correction by intrusion of molars

The anterior open bite has been consid-
ered one of the most difficult malocclusions
to correct in orthodontic treatment, and
various treatment modalities have been de-
veloped over the years.2,3,26 Because extru-
sion of anterior teeth is basic to all of the
traditional mechanotherapies for open bite
correction, and because the anterior teeth
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Table 3 Average changes in crestal bone height during
treatment

Z1 (mm) Rel Z2 (mm) % change in R1

Variables Mean SD Mean SD Mean SD

#36M 1.4 0.8 1.7 0.6 2.4(NS) 4.5

#36D 1.0 0.5 1.2 0.8 1.4(NS) 6.8

#37M 1.3 0.9 1.4 0.5 0.8(NS) 6.9

#46M 1.3 0.5 1.4 0.3 0.4(NS) 3.4

#46D 1.3 0.4 1.7 0.4 2.7* 3.3

#47M 1.2 0.5 1.6 0.4 2.7(NS) 4.9

Mean 1.3 0.6 1.5 0.5 1.7 5.0

NS = P > .05; *P < .05; **P < .01.
Z1 = alveolar bone height at T1; Z2 = alveolar bone height at T2; R1 = root length at T1; M and D
= medial and distal crestal bone height.

Table 4 Changes in root length during treatment

R1 (mm) Rel R2 (mm) % change in R1

Variables Mean SD Mean SD Mean SD

#36M 15.9 2.0 15.0 1.7 –5.2* 6.6

#36D 15.1 1.5 14.3 1.9 –4.8(NS) 8.9

#37M 15.1 1.2 13.5 1.7 –10.6** 6.6

#37D 13.8 1.3 13.0 1.2 –5.6* 5.3

#46M 6.3 1.8 15.7 1.7 –3.6* 4.0

#46D 15.0 1.5 14.6 2.0 –2.5(NS) 12.4

#47M 15.8 1.4 14.8 2.0 –6.1* 7.0

#47D 14.1 0.9 13.1 1.6 –7.2(NS) 9.6

Mean 15.1 1.4 14.3 1.7 –5.7 7.5

NS = P > .05; *P < .05; **P < .01.
R1 = root length at T1; R2 = root length at T2; M and D = medial and distal root length.



of skeletal open bite are usually over-
erupted due to the dentoalveolar compen-
satory mechanism for excessive anterior fa-
cial height, the stability of all of these
treatment options remains questionable. In-
trusion of the molars can be achieved with
application of MEAW in adult patients27;
however, the amount of intrusion of molars
using this method has been found to be
minimal. Since intrusion of the molars using
SAS is a new modality for open bite correc-
tion, both its treatment effects and post-
treatment stability have not yet been clari-
fied. We demonstrated the advantages of
SAS for intrusion of the mandibular molars
in the present study. With application of
SAS, the molars were predictably intruded,
and the counterclockwise rotation of
mandibles resulted in the reduction of
lower facial height and the large interlabial
gap. Additionally, this treatment influenced
the anteroposterior jaw relationship be-
cause of the autorotation of the mandible
following the intrusion of the molars. When
the treatment effects of the SAS were com-

pared to MEAW,10,27 as shown in Table 6, it is
clear that SAS achieved a considerable
amount of intrusion of molars with minimal
extrusion of incisors, while MEAW did not
achieve counterclockwise rotation of the
mandible and resulted in a considerable
amount of extrusion of the incisors.Thus, in-
trusion of the molars seems to be the most
rational treatment procedure for skeletal
open bite patients who show long face
types with skeletal Class I or mild skeletal
Class II jaw relationships.

The amount of mandibular autorotation
following the intrusion of molars was
smaller than expected. Because the maxil-
lary molars were not vertically controlled
during SAS treatment, some amount of ex-
trusion of the maxillary molars was ob-
served. This may be a result of the physio-
logic mechanisms to maintain the
maxillomandibular distance or the applica-
tion of Class I maxillomandibular elastics at
the detailing and finishing stage. Further
investigation is needed to clarify the rea-
son for extrusion of the maxillary molars.
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Table 5 Changes in clinical crown length (mm)

T1 T2

Variables Mean SD Mean SD Change (mm) P

#36MB 5.2 0.5 5.7 0.8 0.5 NS

#36DB 5.4 0.6 5.4 0.7 0.0 NS

#37MB 4.5 1.0 4.3 1.0 –0.2 NS

#37DB 3.7 1.6 3.3 1.5 –0.4 NS

#36ML 5.0 1.1 5.1 0.9 0.1 NS

#36DL 5.0 0.9 5.1 0.9 0.1 NS

#37ML 4.4 0.8 4.3 0.9 –0.1 NS

#37DL 4.0 1.2 3.9 1.3 –0.1 NS

#46MB 5.6 1.0 6.0 0.9 0.4 NS

#46DB 5.5 0.9 5.6 0.8 0.1 NS

#47MB 4.3 0.9 4.5 0.5 0.2 NS

#47DB 3.1 0.8 3.5 1.0 0.4 NS

#46ML 4.7 0.6 4.5 0.7 –0.2 NS

#46DL 4.8 0.4 4.7 0.5 –0.1 NS

#47ML 4.2 0.7 3.9 1.0 –0.3 NS

#47DL 4.0 0.8 3.7 0.9 –0.3 NS

Mean 4.6 0.9 4.6 0.9 0.0

NS = P > .05.
MB = mediobuccal cusp; DB = distobuccal cusp; ML = mediolingual cusp; DL = distolingual cusp.



Recently, to avoid the extrusion of the op-
posing molars, we have begun to apply 2
anchor plates to each jaw.

Posttreatment stability

The posttreatment stability of the vari-
ous orthodontic mechanotherapies devel-
oped to date is considered questionable as
well, because there is still growth to be ex-
perienced in AVC cases8 and there is a pos-
sibility of relapse of the extruded anterior
teeth in MEAW cases.9 In the present study,
we indicated the short-term stability of
SAS following the intrusion of molars. Al-
though the relapse rate of the intruded
molars reached approximately 30% on av-
erage, the skeletal profiles of the treated
patients were maintained 1 year after
debonding. That means the relapse of the
intruded molars was not directly related ei-

ther to the skeletal changes or to the re-
currence of open bite. In the literature to
date,15–17 with regard to the amount of re-
lapse after tooth movement, intrusion is
less stable than mediodistal movement
and rotation. This could be explained by
the following: (1) while the other type of
tooth movement is accompanied by new
bone formation that prevents relapse, in-
trusion does not induce new bone forma-
tion during tooth movement; (2) periodon-
tal fibers, which are generally thought to
resist occlusal forces, can also strongly re-
sist intrusive forces; (3) apical periodontal
tissues are reorganized more slowly than
that in other sites; and (4) an effective
method for retention has not been estab-
lished for the intruded molars. In previous
studies,28 it was demonstrated that the ap-
plication of bisphosphonates in animals
was an effective pharmacologic method of
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Table 6 Comparison of treatment changs between
SAS and MEAW (Kim9 or Chang and Moon10)

Chang
Variables SAS Kim P and Moon P

Skeletal

Sagittal

ANB –0.7 –0.1 NS

Wits 1.1

Facial angle 0.8 –0.5 NS

Vertical

FH to MP –1.3 –0.2 NS

ATFH –1.0 0.5 NS

ALFH –1.5 –0.2 NS

Dental

Overbite 4.9 4.0 ** 5.4 **
Angular

U6 to PP –1.2 4.5 ** –1.7 NS

L1 to MP –4.3 –1.4 NS

L6 to MP 4.0 4.5 ** –9.2 **
Vertical

U1-PP 1.1 1.3 ** 2.0 **
U6-PP 1.0 –0.7 *
U7-PP 1.5 1.1 NS

L1-MP 1.3 1.9 *
L6-MP –1.8 0.5 NS

L7-MP –3.3 –1.0 **

NS = P > .05; *P < .05; **P < .01.



retention that inhibited the bone from re-
modeling around the moved teeth. There-
fore, it may be that the administration of
bisphosphonate has the effect of stabiliz-
ing the intruded molars in human patients
as well.

Changes in crestal bone height and clinical
crown length

Clinical crown length and crestal bone
height were not affected during the intru-
sion of the molars, as indicated in the re-
sults. Many studies have been conducted
for both of these concerns in orthodon-
tics22,29–32; however, there is still a lot of con-
troversy. Some of the researchers have
demonstrated a loss of crestal bone height
after orthodontic treatment. Melsen22 indi-
cated in an animal study that intrusion of
teeth did not induce a loss of marginal
alveolar bone. In our previous study,14 we
indicated that the remodeling of crestal
bone during intrusion did not promote cre-
stal bone loss in dogs. We predicted that in-
trusion of the molars would produce
pseudo-pockets during treatment, result-
ing in a decrease in clinical crown length.
However, this was not observed. While the
procedures employed in the present study
might not be accurate enough to evaluate
these data, it was apparent that there were
no clinical problems that emerged after the
intrusion of the molars in this context. Clini-
cal and animal studies are ongoing in our
laboratory and clinics to evaluate the perio-
dontal conditions of the intruded molars.

Root resorption

Root resorption is an irritative iatro-
genic problem basic to orthodontic treat-
ment. In previous studies,33–36 intrusion of
the incisors induced a considerable
amount of root resorption. Dermaut and
De Munck23 reported 18% root resorption
after 3.6 mm of intrusion of incisors, and
McFadden et al36 reported 13.2% and 4.3%
root resorption after maxillary and
mandibular incisor intrusion, respectively.
In contrast, both DeShields37 and Kaley and
Phillips38 failed to detect a correlation be-
tween the amount of intrusion and root re-
sorption in incisors. In the present study,

we found 5.7% root shortening after molar
intrusion, which was insignificant and ap-
parently fell within the range of previous
studies. Since previous studies were fo-
cused on monorooted incisors or premo-
lars, there could be a difference in the pat-
tern of root resorption of molars, since they
have a large bifurcation area. Indeed, Bon-
devik29 found a large amount of root re-
sorption in the bifurcation area in rats
when the molars were intruded, rather
than around the root apex. Although the
amount of root resorption did not exceed
that of previous studies, careful follow-up
studies are needed.

Conclusions

The skeletal and dentoalveolar changes
produced by the intrusion of mandibular
molars with application of SAS were appar-
ently effective for open bite correction.
However, a considerable relapse rate of ap-
proximately 30% of the intruded mandibu-
lar molars was observed. It suggests that
overcorrection may be necessary.
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