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ABSTRACT
Objectives: The objectives of the study were to investigate the effect of lower posterior tooth extrusion on skeletal
and dental changes in Class II division 1 deep bite short-faced growing patients.
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Materials and Methods: Twenty-two growing patients with Class II/1 malocclusion deep bite/short-face were
treated using a pre-adjusted edgewise-fixed appliance. The curve of Spee (COS) was leveled by rectangular wire
and posterior vertical elastic. Two consecutive lateral cephalometric radiographs were collected before and after
treatment. Changes from the cephalometric analysis were compared with 22 untreated matched subjects during
the observation period with independent t-test.
Results: The reduction of deep bite from the COS in the treated group was 2.83 mm which was obtained by a
greater amount of posterior extrusion (1.37 mm), than anterior intrusion (0.58 mm), and lower facial height
significantly increased (3.70 mm). The treated group showed significant forward mandibular position from SNB
(1.36°), Pg-Nperp (1.53 mm), and the skeletal relationship improved (ANB = −0.88°). The mandibular plane
angles (SN-MP and FMA) showed no significant changes during treatment. Dental changes revealed significant
decreases in overjet and overbite, whereas the position and inclination of the upper and lower incisors were not
significantly different.
Conclusions: The increase of lower facial height in Class II deep bite short-faced growing patients was successfully
accomplished by lower posterior tooth extrusion with the use of rectangular wire with posterior vertical elastic.
The mandibular plane angle did not change during treatment. Class II skeletal relationship improved by the
forward position of the mandible in hypo- and normodivergent pattern subjects.
Keywords: Class II division 1 malocclusion, Deep bite, Lower posterior tooth extrusion, Dentofacial

INTRODUCTION
Class II malocclusion has been found in 20–30% of all orthodontic patients.[1,2] This type of
malocclusion may exhibit various skeletal and dental configurations. Either maxillary protrusion
or mandibular retrusion can be the causative factor; however, the most common configuration in
a Class II malocclusion is mandibular retrusion.[3] Class II malocclusion usually is perceived as a
sagittal problem and also accompanied by vertical concerns.[4]
Deep bite is often observed in Class II patients. In growing patients, one modality used to correct
Class II deep bite is cervical pull headgear. This application increases the vertical dimension
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measurement and creates upper molar extrusion.[5] On the
other hand, deep bite can be caused by an excessive curve
of Spee (COS).[6] It has been reported that the COS was the
greatest in Class II malocclusion.[7]
To establish a proper incisal relationship and posterior
occlusion in orthodontic patients, the COS must be relatively
flat to mild.[8] Excessive COS can be corrected by the anterior
intrusion, posterior extrusion or a combination of the two
procedures.[9,10] The treatment might involve intrusion of the
anterior teeth.[9] However, it has also been suggested that a
deep COS should be corrected by extrusion of the molars
because intrusion of anterior teeth has a high potential for
relapse.[10] Since there is no consensus on this issue, it is
necessary to identify the cause before treating an excessive
COS.[11] Possible causes of a COS include lack of eruption
of posterior teeth, overeruption of the anterior teeth, or a
combination of both.
Evaluating lower anterior facial height is also important for
decision-making between posterior extrusion and anterior
intrusion. In the case of short-faced patients, posterior
extrusion leads to opening rotation of the mandible and,
consequently, the lower facial height is increased. This
improves vertical facial proportions. However, opening
rotation of the mandible also leads to a more severe Class
II relationship with a worsened convex profile.[12] It was
also suggested that the mandible can be restrained by deep
overbite. Therefore, in growing patients, the resolution of
deep bite might benefit the sagittal discrepancy by unlocking
the restrained mandible and allowing its forward growth,[13,14]
whether or not this actually occurs remains controversial.
The purpose of this study was to determine whether there
were differences in the skeletal and dental changes between
Class II division 1 malocclusion growing patients treated to
level the COS by posterior extrusion and untreated controls.

MATERIALS AND METHODS
This study was approved by the Ethics Committee on
human research at the Faculty of Dentistry, Prince of
Songkla University (Approval no. MOE 0521.1.03/356). All
participants and their parents provided informed consent
before participating in this study.
Subjects
This was a prospective study. The experimental group
consisted of 22 subjects (10 females and 12 males) and the
control group was comprised 22 untreated subjects (12
females and 10 males). The inclusion criteria for recruitment
into the study were: (1) Skeletal Class II patients (ANB >5°);
(2) Class II division 1 malocclusion with bilateral Class II
molar relationship; (3) hypo- to normodivergent mandibular
plane angle (FMA <27°); (4) decreased lower facial height
APOS Trends in Orthodontics • Volume 9 • Issue 3 • July-September 2019

(lower anterior facial height to total anterior facial height
<54%);[15] (5) COS >2 mm; (6) no or mild crowding (<3 mm);
(7) growth stage 4–5 on the hand-wrist radiograph according
to Björk[16] and Grave and Brown;[17] and (8) no previous
history of orthodontic treatment. Subjects excluded from
the study were patients with craniofacial disorders, skeletal
asymmetry, dysfunctional disorders of the masticatory
system or temporomandibular joint, or presenting with
abnormal oral habits.
The sample size was calculated using the PS Power and
Sample Size Calculation software, version 3.0.43 (Vanderbilt
University, Nashville, TN, USA) based on the parameter
values (L6-MP) taken from a study by Bernstein et al.[18]
with a mean difference of 2.31 mm and standard deviation
(SD) of 2.28. The levels of significance of the change and
power of the test were established at 95% (α = 0.05) and
80% (β = 0.2), respectively. A minimum of 16 patients in
each group was required. Twenty-two patients who met the
inclusion criteria were assigned to the experimental group.
Another 22 subjects who met the same inclusion criteria
were assigned to the untreated control group. The subjects
in the control group were obtained from two sources of
records at the dental hospital: (1) Retrospective records of
previously growth-monitored patients who were receiving
or had completed orthodontic treatment and (2) treatment
records of growing patients who refused treatment with
specific reasons but later returned with a new decision to
undergo treatment and had not received any orthodontic
treatment elsewhere.
Treatment protocol
Leveling and aligning were performed in the experimental
group with pre-adjusted edgewise-fixed appliances including
0.018 – in slot brackets on incisors and 0.022 – in slots on
the remaining teeth (Roth™ system; Ormco Corp., Glendora,
CA, USA). The initial alignment was achieved using NiTi
archwires and stainless steel until 0.016 × 0.016 – in stainless
steel wires were placed in the upper arch. In the case of
a narrow upper arch, the upper arch was expanded with
an expanded form of 0.016 × 0.022 – in TMA wire. Then,
stainless steel wire 0.018 × 0.025 – in was maintained in the
upper arch.
In the lower arch, the procedure was the same as the upper arch.
COS leveling was done with step bends at the lower anterior
teeth on 0.016 × 0.022 – in stainless steel wire. The archwires
used during the leveling stage were cinched. Kobayashi hooks
were attached to the upper and lower premolars. Vertical
elastics (1/8” 3.5 oz.) were placed between the upper and
lower premolars [Figure 1]. Patients were instructed to use the
elastics continuously except when eating and brushing their
teeth. Post-treatment records were taken after a flattened COS,
confirmed by dental cast analysis, was achieved.
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Data collection and analysis
Lateral cephalograms were taken using a Gendex GXDP-700
series (Gendex Dental System, Hatfield, PA, USA). The initial
(T0) and post-observation (T1) cephalograms of the untreated
control group and pre-treatment (T0) and post-treatment (T1)
cephalograms of the treated group were collected. Tracing,
registration of the landmarks, and measurements were
performed by one examiner blinded to the purpose of the study
using Dolphin ImagingPlus™ 11.7 software (Dolphin Imaging
and Management Solutions, Chatsworth, CA, USA). All

cephalograms were standardized and all measurements were
adjusted for magnification. The cephalometric measurements
are detailed in Table 1 and Figure 2.
The depth of the mandibular COS was measured as the
perpendicular distance between the deepest cusp tip of the
lower premolars to a flat plane from the incisal edges of the
central incisors to the distal cusp tips of the most posterior
cusp of the mandibular first molar.[19] The first molar was
used since the second molars had not fully erupted in some
patients [Figure 3].

Figure 1: Illustrating the use of vertical elastics.
Table 1: Cephalometric distances and angles used for the analysis.
Skeletal measurements

Definition

SNA°
SNB°
ANB°
A‑Nperpmm
Pg‑Nperpmm
SN‑MP°
FMA°
LFHmm (lower facial height)

Angle between sella‑nasion point A
Angle between sella‑nasion point B
Angle between point A‑nasion-point B
Distance from point A to N‑perpendicular
Distance from pogonion to N‑perpendicular
Angle between sella‑nasion plane and mandibular plane (plane tangent to gonial angle and gnathion)
Angle between Frankfort horizontal plane and mandibular plane (plane tangent to the lower border of
the mandible and the lowest point at symphysis)
Distance from anterior nasal spine to menton

Dental measurements

Definition

U1‑NA°
U1‑NAmm
L1‑NB°
L1‑NBmm
U1‑L1°
U1‑PP°

Angle between axial inclination of maxillary incisors and the line from nasion to point A
Distance between incisal tip of maxillary incisors and the line from nasion to point A
Angle between axial inclination of mandibular incisors and the line from nasion to point B
Distance between incisal tip of mandibular incisors and the line from nasion to point B
Interincisal angle (angle between axial inclination of maxillary and mandibular incisors)
Angle between axial inclination of maxillary incisor and the palatal plane (line connecting anterior and
posterior nasal spine)
Angle between axial inclination of mandibular incisor and the mandibular plane (plane tangent to gonial
angle and the lowest point at symphysis)
Horizontal overlapping distance from the incisal edge of maxillary incisors to labial surface of
mandibular incisors
Vertical overlapping distance of maxillary and mandibular incisal edges
The perpendicular distance between the deepest cusp tip and a flat plane between incisal edges of the
central incisors and the distal cusp tips of the most posterior teeth in the lower arch
The perpendicular distance from the upper incisal edge projected to the palatal plane

L1‑ MP°
Overjetmm
Overbitemm
Curve of Speemm (COS)
UADHmm (Upper anterior
dental height)
UPDHmm (Upper posterior
dental height)
LADHmm (Lower anterior
dental height)
LPDHmm (Lower posterior
dental height)

The perpendicular distance from the mesiobuccal cusp tip of the first upper molar to palatal plane
The perpendicular distance from the lower incisal edge to the mandibular plane
The perpendicular distance from the mesiobuccal cusp tip of the first lower molar to the mandibular
plane
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Method error
Method errors in locating landmarks and measurements
were assessed using Dahlberg’s formula.[20] 15 randomly
selected radiographs each from T0 and T1 were re-measured
by the same examiner at an interval of 2 months. Linear and
angular measurements did not exceed 0.5 units for any of the
variables investigated.
Statistical analysis
All statistical analyses were performed using SPSS 17.0 for
Windows software (SPSS Inc., Chicago, IL, USA). Statistical
significance was set at P < 0.05 for all tests. The differences in
sex within each group were also examined with independent
t-test. Since there were no significant differences in the values
between male and female subjects, they were considered
as a whole for subsequent analysis. Initial cephalometric
values and treatment changes were reported as means and
SDs. Normality was tested using the Shapiro–Wilk test.

Figure 2: Lower facial height and dental height measurements.

Independent t-test or Mann–Whitney U-test for nonnormally distributed data was used to compare initial values
and treatment changes between the groups.

RESULTS
Twenty-two patients in the treated group (10 females and
12 males) and 22 patients in the untreated control group
(12 females and 10 males) were analyzed. The initial mean
(±SD) ages of the subjects were 11.35 ± 0.97 years in the
treated group and 11.44 ± 0.87 years in the control group.
The mean (±SD) duration of treatment was 0.92 ± 0.21 years
and the mean (±SD) observation period for the untreated
control group was 0.96 ± 0.12 years [Table 2]. The initial
cephalometric values (T0) are presented in Table 3 and
showed no significant differences between the groups.
The reduction in the COS in the treated group was 2.83 mm
± 0.37 mm. The reduction in the COS was obtained by
molar extrusion and incisor intrusion. The mean dental
height changes were 1.83 ± 1.74 mm for LPDH and −0.06 ±
0.42 mm for LADH. The mean dental height growth in the
control group was 0.46 ± 0.42 mm for LPDH and 0.52 ± 0.34
mm for LADH. After adjustments for expected growth, the
net treatment changes were approximately 1.37 mm of molar
extrusion and 0.58 mm of incisor intrusion. Other changes
between the cephalometric values from T0 to T1 are shown
in Table 4.
The results indicated an overall improvement in
Class II skeletal pattern after treatment. The sagittal
skeletal measurements in the maxilla showed no significant
differences between the groups. However, the changes in
the mandible after treatment exhibited significant forward
improvement of SNB° (1.36°) and Pg-Nperp (1.53 mm) as
well as the relationship between the maxilla and mandible
in the ANB angle (–0.88°). The mandibular plane angles
(SN-MP and FMA) showed no significant changes during
treatment. Changes in the inclination and position of the
upper and lower incisors were not significantly different
between the groups. A significant reduction in overjet of
2.19 mm was obtained in the treated group but overjet
increased by 0.07 mm in the untreated control group. In
Table 2: Demographic data for treated and untreated control
groups.
Groups

Treated group
Untreated control group
Significance
Figure 3: Measurement of the depth of the curve of Spee.
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Age at
T0 (years)

T0–T1
interval (years)

Mean±SD

Mean±SD

11.35±0.97
11.44±0.87
NS

0.92±0.21
0.96±0.12
NS

NS indicates not significant, P>0.05, SD: Standard deviation
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Table 3: Cephalometric values of pre‑treatment (T0) for the
treated group and initial record for untreated control group.
Measurement
SNA°
SNB°
ANB°
A‑Nperpmm
Pg‑Nperpmm
SN‑MP°
FMA°
LFHmm
U1‑NA°
U1‑NAmm
L1‑NB°
L1‑NBmm
U1‑L1°
U1‑PP°
L1‑MP°
Overjetmm
Overbitemm
COSmm
UADHmm
LADHmm
UPDHmm
LPDHmm

Treated

Control

Mean±SD

Mean±SD

83.70±3.64
77.39±3.15
6.31±2.09
1.51±2.93
−8.44±6.40
32.69±4.97
23.15±2.51
61.76±4.48
27.01±9.12
7.30±3.17
30.28±5.25
7.67±2.02
115.96±8.81
119.78±8.86
96.52±6.23
8.25±2.47
4.66±1.2
3.31±0.76
28.35±3.33
39.50±4.10
21.90±2.06
28.33±3.19

83.90±3.41
77.28±3.68
6.62±2.45
2.00±3.34
−8.56±6.89
32.56±5.57
22.64±3.08
62.85±3.90
27.47±6.82
6.58±2.49
30.61±5.29
7.56±2.03
114.13±7.45
119.23±7.23
96.98±4.42
8.74±1.88
4.55±1.05
3.66±0.82
28.23±5.74
38.85±3.83
22.43±2.70
27.52±3.29

P value
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

*P<0.05; **P<0.01, NS: Indicates not significant, P>0.05, SD: Standard
deviation

addition, a significant overbite reduction of 2.67 mm was
observed in the treated group.

DISCUSSION
Deep bite in some Class II short-faced patients may be
successfully corrected by cervical pull headgear to extrude
the upper molars.[5] On the other hand, the cause of shortface can be from a decreased posterior dental height. When
excessive COS is present, extrusion of the lower posterior
teeth will improve the lower facial height and correct the
COS simultaneously. Clinically, the COS is determined by
the distal marginal ridges of the most posterior teeth in the
arch and the incisal edges of the central incisors.[19] However,
to determine the COS in this study, the measurement did
not include the lower second molars as the reference because
these teeth had not fully erupted in all subjects. Hence, the
first molars were used for measurements in all subjects.
Therefore, the depth of the COS was less when compared
with other studies that used the distobuccal cusp of the
mandibular second molar as a reference.[21]
The findings of this study showed that excessive COS was
successfully reduced from 3.46 mm to 0.63 mm while
the COS in the control group remained unchanged. COS

Table 4: Cephalometric values of treatment changes and
observation changes (T1–T0) for treated and untreated control
groups.
Measurement
SNA°
SNB°
ANB°
A‑Nperpmm
Pg‑Nperpmm
SN‑MP°
FMA°
LFHmm
U1‑NA°
U1‑NAmm
L1‑NB°
L1‑NBmm
U1‑L1°
U1‑PP°
L1‑MP°
Overjetmm
Overbitemm
COSmm
UADHmm
LADHmm
UPDHmm
LPDHmm

Treated

Control

Mean±SD

Mean±SD

P value
(T1–T0)

0.48±0.51
1.36±0.82
−0.88±0.59
0.13±0.16
1.53±0.63
0.64+0.17
0.65±0.28
3.70±1.26
−0.73±0.81
−0.77±0.86
1.67±2.35
0.62±1.28
1.55±1.61
−0.68±0.89
1.56±2.43
−2.19±0.85
−2.67±0.56
−2.83±0.37
1.05±1.10
−0.06±0.42
0.86±0.74
1.83±1.74

0.54±0.42
0.59±0.50
−0.05±0.08
0.16±0.15
0.60±0.65
−0.08±0.41
0.02±0.33
1.46±0.96
0.31±0.28
0.11±0.09
0.17±0.13
0.12±0.10
−0.27±1.08
0.28±0.60
0.31±0.21
0.07±0.12
−0.01±0.06
0.08±0.15
0.69±0.80
0.52±0.34
0.44±0.36
0.46±0.42

NS
*
*
NS
*
NS
NS
**
NS
NS
NS
NS
NS
NS
NS
*
*
*
NS
*
NS
*

*P<0.05; **P<0.01, NS: Indicates not significant, P≥0.05, SD: Standard
deviation

reduction was mainly achieved by extrusion of the posterior
teeth (1.83 mm) while anterior tooth intrusion was 0.06 mm.
However, the posterior tooth extrusion could be attributed
to both extrusive force from orthodontic treatment and
dentoalveolar growth. To identify the true treatment changes,
measurements of dentoalveolar growth in the untreated
control group were applied to the resultant dimensions of the
treatment group. Lower posterior dentoalveolar growth in
the control group was 0.46 mm; therefore, the net extrusion
from treatment was 1.37 mm. The lower anterior teeth in
the control group erupted 0.52 mm. Therefore, relative to
the control, the anterior teeth in the treated group actually
intruded 0.58 mm.
After deduction of dentoalveolar growth, posterior tooth
extrusion (1.37 mm) was still greater than the anterior tooth
intrusion (0.58 mm). These findings differed from previous
COS leveling studies where anterior tooth intrusion was
greater than posterior tooth extrusion.[18,21] The conflicting
results could be due to different treatment mechanics,
especially the posterior vertical elastic that was applied in
this study to enhance extrusion of the posterior teeth.
Posterior tooth extrusion was accompanied by favorable
vertical skeletal changes in the treated group. The lower
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anterior facial height in the treatment group significantly
increased (3.70 mm) compared to the control group
(1.46 mm). This was due to greater posterior extrusion
from treatment. The findings were similar to those of a
deep overbite correction study by Parker et al.[13] in which
the lower facial height increased by 4.04 mm. Likewise, a
study by McDowell and Baker[22] found that the lower facial
height increased by 3.2 mm. In both studies, upper and
lower posterior teeth were extruded. Increases in the lower
facial height were related to lower posterior tooth extrusion
which was also noted by Weiland et al.,[23] however, that study
investigated adult patients.
The mandibular opening rotation was a concern due to
posterior tooth extrusion while the lower facial height
increased. Despite the fact that significant posterior extrusion
occurred in the treatment group, this did not result in a
significant opening rotation of the mandible. In this study,
the upper and lower posterior extrusion was 0.86 and 1.83
mm, respectively, but the mean increase in the mandibular
plane angle was only approximately 0.6°. This was similar to
previous studies[22,24] which found that growing patients were
able to maintain or had small changes in their mandibular
plane angles after deep bite correction. This small amount
of opening rotation during posterior extrusion may be
explained by compensatory vertical growth of the condyle.[10]
When mandibular opening rotation occurs, the
Class II skeletal relationship could worsen. However, there
was significant improvement in the maxillomandibular
relationship in the treatment group that resulted in a decrease
in the ANB angle (0.88°). This improvement contributed
to a forward position of the mandible which exhibited a
1.36° increase in the SNB angle and 1.53 mm in Pg-Nperp.
This improvement could be explained by the forward
growth of the mandible in hypo- and normodivergent
pattern patients. This was in agreement with a previous
study in which forward growth of B-point in patients with
mesofacial and brachyfacial type was also observed.[14] This
could be attributed to a forward position of the mandible
after unlocking of the bite and allowing forward growth of
the mandible.[25] Although the increase in SNB was small,
it might encourage a mild Class II skeletal relationship into
a Class I relationship. In this study, three of the 22 subjects
improved into a Class I skeletal relationship.
In spite of the opening rotation of the mandible, a decreased
overjet was observed. Since there was very little alteration
in the inclination and position of the incisors during
treatment, the reduction of overjet was possibly due to the
forward positioning of the mandible together with growth.[25]
This was supported by previous studies that found forward
positioning of the mandible.[14,18] Unfortunately, however,
an overjet measurement was not included in those studies.
In the current study, the deep overbite was also improved as
APOS Trends in Orthodontics • Volume 9 • Issue 3 • July-September 2019

a result of lower anterior tooth intrusion and the opening
rotation of the mandible.
Usually, when a COS is leveled, lower incisor proclination can
be expected since the intrusive force is applied labially to the
center of resistance of the lower incisors. Several investigators
have reported proclination of the lower incisors to varying
degrees when using a continuous archwire.[21,26,27] In this study,
lower incisor proclination was found to be approximately 1.5°,
but this change was not statistically significant. is value was
lower than in previous studies.[21,26,27] is may be due to the
step bends on rectangular archwires for COS leveling which
produced a counter-clockwise moment to the anterior teeth.
Furthermore, cinching the wire may have played a role in
preventing the tendency of the teeth to tip labially.[28]

CONCLUSIONS
Increase of the lower facial height in Class II deep bite
short-faced patients was successfully accomplished by lower
posterior tooth extrusion with the use of rectangular wire
and posterior vertical elastics. e mandibular plane angle
did not change significantly during treatment. e Class II
skeletal relationship improved by forward positioning and
growth of the mandible in hypo- and normodivergent pattern
subjects who were treated.
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