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Long-term stability of Class II malocclusion
treated with 2- and 4-premolar extraction
protocols

Guilherme Janson,a Vladimir Leon-Salazar,b Ruben Leon-Salazar,b Marcos Janson,c and

Marcos Roberto de Freitasd

Bauru, Brazil

Introduction: The objective of this study was to cephalometrically compare the stability of complete Class II
malocclusion treatment with 2 or 4 premolar extractions after a mean period of 9.35 years. Methods: A sample
of 57 records from patients with complete Class II malocclusion was selected and divided into 2 groups. Group
1 consisted of 30 patients with an initial mean age of 12.87 years treated with extraction of 2 maxillary premo-
lars. Group 2 consisted of 27 patients with an initial mean age of 13.72 years treated with extraction of 4 pre-
molars. T tests were used to compare the groups’ initial cephalometric characteristics and posttreatment
changes. Pearson correlation coefficients were calculated to determine the correlation between treatment
and posttreatment dental-relationship changes. Results: During the posttreatment period, both groups had
similar behavior, except that group 1 had a statistically greater maxillary forward displacement and a greater
increase in the apical-base relationship than group 2. On the other hand, group 2 had a statistically greater
molar-relationship relapse toward Class II. There were significant positive correlations between the amounts
of treatment and posttreatment dentoalveolar-relationship changes. Conclusions: Treatment of complete
Class II malocclusions with 2 maxillary premolar extractions or 4 premolar extractions had similar long-term
posttreatment stability. (Am J Orthod Dentofacial Orthop 2009;136:154.e1-154.e10)
I
t has been shown that the extraction of 2 maxillary
premolars has a greater treatment success rate than
4-premolar extraction treatment of Class II maloc-

clusions.1 Nevertheless, in addition to a good success
rate, a treatment protocol should also provide good
long-term stability of the dental relationships. Studies
comparing the stability of Class II malocclusion treat-
ment with 4 premolar extractions and nonextraction
found no significant difference between these proto-
cols.2-7 There was also similar long-term mandibular
anterior tooth alignment stability between 2- and 4-pre-
molar extraction protocols in Class II malocclusion
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treatment.8 However, no studies have compared the
long-term stability of the dental relationships of these
2 protocols.9 Therefore, to further clarify these issues,
we undertook a cephalometric comparison of the
long-term stability of Class II malocclusions treated
with extraction of 2 or 4 premolars.

MATERIAL AND METHODS

The sample was retrospectively selected from the
files of the orthodontic department at Bauru Dental
School, University of São Paulo, Brazil, which included
over 4000 documented treated patients. Initial, final,
and posttreatment records (after a mean period of 9.35
years) and the initial and final dental study models of
all patients who initially had a complete bilateral Class
II malocclusion (molar relationship) and were treated
with 2 maxillary or 4 premolar extractions and edgewise
appliances were selected and divided into 2 groups.10-12

Sample selection was based exclusively on the initial
anteroposterior dental relationship, regardless of any
other dentoalveolar or skeletal characteristic. Addition-
ally, our subjects had all permanent teeth up to the first
molars and no dental anomalies of number, size, and
shape. Group 1 consisted of 30 patients (17 male, 13 fe-
male) treated with 2 maxillary premolar extractions at
an initial mean age (T1) of 12.87 6 1.49 years (range,
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10.90-16.62 years). Twenty-three of these patients had
Class II Division 1 malocclusion, and 7 had Class II
Division 2 malocclusion. The posttreatment age (T2)
of the patients was 15.40 6 1.71 years (range, 12.44-
19.23 years), and the postretention age (T3) was 24.65
6 4.05 years (range, 16.67-33.58 years). The average
treatment time was 2.53 6 0.72 years (range, 1.54-
4.50 years), and the average posttreatment time was
9.25 6 3.52 years (range, 3.18-15.32 years). Group 2
included 27 patients (14 male, 13 female) treated with
4 premolar extractions aged 13.72 6 2.32 years (range,
10.75-20.37 years) at T1. All patients had Class II Divi-
sion 1 malocclusion. At T2, their age was 16.24 6 2.36
years (range, 13.00-23.21 years), and at T3, their age
was 25.70 6 4.90 years (range, 17.18-37.32 years).
The average treatment time was 2.52 6 0.58 years
(range, 1.36-3.47 years), and the average posttreatment
time was 9.46 6 4.29 years (range, 2.25-17.49 years).

The orthodontic mechanics included fixed edgewise
appliances, with 0.022 3 0.028-in conventional brackets
and the usual wire sequence characterized by an initial
0.015-in twist-flex or 0.016-in nickel-titanium alloy, fol-
lowed by 0.016-, 0.018-, 0.020-, and 0.021 3 0.025- or
0.018 3 0.025-in stainless steel wire (3M Unitek, Monro-
via, Calif). Deep bite was corrected with accentuated and
reversed curve of Spee. In the patients having 2 maxillary
premolar extractions, the anterior teeth were retracted en
masse with a rectangular wire and elastic chains for over-
jet and Class II canine correction. Extraoral headgear was
used in the 2-premolar extraction group to reinforce an-
chorage and maintain the Class II molar relationship; in
the 4 premolar extraction group, it was used to distalize
the posterior segment and reinforce anchorage. When
necessary, Class II elastics were used in the 4 premolar
extraction group to help obtain a Class I molar relation-
ship; in the 2-premolar extraction group, this procedure
was used to help maintain a Class II molar relationship.
A Hawley plate was used for retention for a mean period
of 1 year, and a mandibular canine-to-canine fixed re-
tainer was recommended to be used for a mean period
of 3 years. However, at T3, 13 patients in group 1 and 2
in group 2 still had their mandibular fixed retainer.

Anatomic tracing and the location of dentoskeletal
landmarks of the T1, T2, and T3 lateral headfilms
were manually carried out by 1 investigator (V.L.S.)
and then digitized (AccuGrid XNT, model A30TL.F,
Numonics, Montgomeryville, Pa) (Fig, Table I). These
data were then stored in a computer and analyzed with
Dentofacial Planner (version 7.02, Dentofacial Planner
Software, Toronto, Ontario, Canada). This software also
corrected the magnification factors of the radiographic
images that varied from 6% to 10.94% depending on
which x-ray machine had been used.
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To evaluate the compatibility of the initial malocclu-
sion severity and final occlusal results of the groups, the
treatment priority index (TPI) was calculated on the T1
and T2 dental study models of each patient.13 The TPI
provides weighted subscores for describing overjet, ver-
tical overbite or open bite, tooth displacement, and pos-
terior crossbites, as well as summary scores reflecting
the overall severity of the malocclusion.1,14 With the ex-
ception of rotation and displacement, all TPI compo-
nents are measured along a continuous scale from
positive to negative values. Thus, mandibular overjet
and open bite are entered as negative overjet and nega-
tive overbite, respectively. A constant corresponding to

Fig. Cephalometric landmarks used on lateral tracings:
1, sella turcica (S); 2, nasion (N); 3, orbitale (Or); 4,
anterior nasal spine (ANS); 5, posterior nasal spine
(PNS); 6, subspinale (A); 7, supramentale (B); 8, pogon-
ion (P); 9, gnathion (Gn); 10, menton (Me); 11, gonion
(Go); 12, porion (Po); 13, condylion (Co); 14, maxillary
central incisor edge (MxIE); 15, maxillary central incisor
apex (MxIA); 16, mandibular central incisor edge
(MdIE); 17, mandibular central incisor apex (MdIA); 18,
maxillary first molar mesial surface (MxMMS); 19, maxil-
lary first molar mesial cusp tip (MxMMC); 20, mandibular
first molar mesial surface (MdMMS); 21, mandibular first
molar mesial cusp tip (MdMMC); 22, occlusal contact of
first molars (OCM1); 23, occlusal contact of premolars
(OCPM); 24, mandibular canine cusp tip (MdCC); 25,
mandibular canine apex (MdCA); 26, maxillary canine
cusp tip (MxCC); 27, maxillary canine apex (MxCA).
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Table I. Skeletal and dental cephalometric variables

Skeletal cephalometric variables

Maxillary component

SNA SN to NA angle

Co-A Condylion to A-point distance

A-Nperp A-point to nasion-perpendicular

Mandibular component

SNB SN to NB angle

Co-Gn Condylion to gnathion distance

Maxillomandibular relationships

ANB angle NA to NB angle

Wits Distance between perpendicular projections of Points A and B on functional occlusal plane

Vertical components

FMA Frankfort mandibular plane angle

SN.GoGn SN to GoGn angle

LAFH Distance from ANS to menton

Dental cephalometric variables

Maxillary dentoalveolar component

U1.PP Maxillary incisor long axis to palatal plane angle

U1-ANSperp Distance between most anterior point of crown of maxillary incisor and line perpendicular to palatal

plane, tangent to ANS

U1-PP Perpendicular distance between incisal edge of maxillary incisor and palatal plane

U6-PP Perpendicular distance between mesial cusp of maxillary first molar and palatal plane

U6-ANSperp Distance between mesial surface of maxillary first molar and line perpendicular to palatal plane,

tangent to ANS

Mandibular dentoalveolar component

IMPA Incisor mandibular plane angle

L1.NB Mandibular incisor long axis to NB angle

L1-NB Distance between most anterior point of crown of mandibular incisor and NB line

L1-Pperp Distance between most anterior point of crown of mandibular incisor and line perpendicular to

mandibular plane, tangent to P point

L1-MP Perpendicular distance between incisal edge of mandibular incisor and mandibular plane

L6-Pperp Distance between mesial surface of mandibular first molar and line perpendicular to mandibular plane,

tangent to P point

L6-MP Perpendicular distance between mesial cusp of mandibular first molar and mandibular plane

Dentoalveolar relationship

Overjet Distance between incisal edges of maxillary and mandibular central incisors, parallel to functional

occlusal plane

Overbite Distance between incisal edges of maxillary and mandibular central incisors, perpendicular to

Frankfort plane

M.REL (molar relationship) Distance between mesial cusp tips of maxillary and mandibular first molars, parallel to Frankfort plane

C.REL (canine relationship) Distance between cusp tips of maxillary and mandibular canines, parallel to functional occlusal plane
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the molar occlusion is added to the TPI score. Total
scores on the TPI range from 0 to 10 or more, with
higher scores representing more severe malocclusions.
The TPI components are defined as follows.15,16

1. Overjet: the anterior distance from the most mesial
part of the labial surface of the maxillary central in-
cisor to the labial surface of the opposing mandib-
ular incisor, measured perpendicularly to the
coronal plane.

2. Overbite or open bite: with the dental models in
centric (convenience) occlusion, the amount of ver-
tical overlap of the maxillary central incisor over
the mandibular central incisor as the ratio of the to-
tal crown height (cervix to incisal edge) of the man-
dibular incisor.
3. Tooth displacement: the sum of the number of teeth
noticeably rotated or displaced from ideal align-
ment, plus 2 times the number of teeth rotated
more than 45� or displaced more than 2 mm.

4. First molar relationship: a constant comprising the
severity of the malocclusion and based on the rela-
tionships between the maxillary and mandibular
first molars.

5. Posterior crossbite: the buccolingual deviation in
occlusion of the postcanine teeth. The measurement
is positive if buccal crossbite occurs (first molar posi-
tioned too far to the buccal aspect) or negative when
lingual crossbite is observed. Crossbite is also scored
as the number of teeth deviating from ideal cusp-to-
fossa fit by a cusp-to-cusp relationship or worse.



Table II. Results of the intergroup compatibility tests (t and chi-square tests)

Group 1 (2 maxillary premolar extractions, n530) Group 2 (4 premolar extractions, n527)

Variable Mean SD Mean SD P

Initial crowding (mm) 0.77 1.38 3.67 2.91 0.000*

Age at T1 (y) 12.87 1.49 13.72 2.32 0.103

Age at T2 (y) 15.40 1.71 16.24 2.36 0.128

Initial TPI 7.84 1.11 7.88 1.23 0.877

Final TPI 0.71 0.79 1.13 1.26 0.129

Occlusal treatment changes

(final TPI – initial TPI)

7.13 1.48 6.75 1.87 0.401

Treatment time (y) 2.53 0.72 2.52 0.58 0.964

Posttreatment time (y) 9.25 3.52 9.46 4.29 0.844

Sex distribution (%) (Chi-square tests) Male Female Male Female 0.716

56.7 43.3 51.9 48.1

Class II type distribution

(chi-square tests) (n)

Division 1 Division 2 Division 1 Division 2 0.002*

23 7 27 0

Patients using fixed retainer

(chi-square tests) (n)

Without With Without With 0.001*

17 13 25 2

*Statistically significant at P \0.05.

154.e4 Janson et al American Journal of Orthodontics and Dentofacial Orthopedics

August 2009
The TPI was calculated on the T1 and T2 dental
study models. On the first, the achieved value corre-
sponded to the initial severity of the malocclusion,
whereas the second showed the final occlusal status after
orthodontic treatment. The improvement in malocclu-
sion was calculated as the difference between the TPI
scores at T1 and T2. In subjects with extraction of 2 max-
illary premolars, it was assumed that a Class II molar
relationship after treatment would be classified as
a ‘‘neutral’’ relationship in the TPI because this is the
correct posterior tooth arrangement of a normal relation-
ship of the anterior teeth with this treatment approach.

Sixteen randomly selected patients from both
groups had their dental casts remeasured and radio-
graphs retraced, redigitized, and remeasured by the
same examiner 30 days after the first evaluation. The
casual error was calculated according to Dahlberg’s
formula17 (S25Sd2/2n), where S2 is the error variance,
and d is the difference between 2 determinations of the
same variable. The systematic errors were evaluated
with dependent t tests at P \0.05.18

Statistical analysis

Independent t tests were used to evaluate the com-
patibility of the groups regarding initial crowding,
initial and final ages, initial and final occlusal statuses,
occlusal treatment changes, and treatment and posttreat-
ment times. Chi-square tests were used to compare sex
distribution, Class II malocclusion types (Division 1 or
2), and the number of patients using a canine-to-canine
mandibular retainer. T tests were also used to compare
the initial cephalometric characteristics of the groups
and the posttreatment changes.
The Pearson correlation coefficient was calculated
to determine the correlation between the treatment and
posttreatment dental relationship changes. The results
were considered statistically significant at P \0.05.

RESULTS

Only 2 variables had statistically significant system-
atic errors (LAFH and U1-PP). The range of casual
errors was 0.36 to 1.96 for variables L1-NB and
Co-Gn, respectively.

The groups were statistically compatible regarding
initial and final age, initial and final occlusal statuses,
occlusal treatment changes, treatment and posttreat-
ment times, and sex distribution (Table II). However,
group 2 had significantly more mandibular crowding,
no Class II Division 2 subjects, and significantly fewer
patients with mandibular fixed retainers than group 1.

At T1, most cephalometric variables were similar
between the groups, except that group 2 had a signifi-
cantly greater Class II apical-base discrepancy (Wits),
more accentuated vertical growth pattern (FMA,
SNGoGn), greater labial inclination of the maxillary
incisors (U1.PP), and more forward position of the man-
dibular first molars than group 1 (Table III).

During the posttreatment period, both groups had sim-
ilar behavior, except that group 1 had a statistically greater
maxillary forward displacement (SNA) and a greater in-
crease in the apical-base relationship than group 2. On
the other hand, group 2 had a statistically greater molar-
relationship relapse toward Class II (Table IV).

To prevent the influence of the differences in initial
crowding, distribution of Class II malocclusion types,
and numbers of patients using canine-to-canine



Table III. Results of the intergroup comparison at T1 (t tests)

Group 1
(2 maxillary premolar extractions,

n530)
Group 2

(4 premolar extractions, n527)

Variable Mean SD Mean SD P

Maxillary component

SNA (�) 81.21 3.54 81.08 2.97 0.883

Co-A (mm) 86.52 5.07 84.30 5.20 0.109

A-Nperp (mm) �0.03 3.79 0.43 2.58 0.593

Mandibular component

SNB (�) 76.20 2.51 74.89 2.81 0.068

Co-Gn (mm) 107.73 6.34 104.69 5.73 0.064

Maxillomandibular relationships

ANB (�) 5.00 2.53 6.19 2.28 0.069

Wits (mm) 4.91 2.24 6.84 3.90 0.025*

Vertical component

FMA (�) 26.03 4.77 29.32 6.54 0.033*

SN.GoGn (�) 32.80 5.17 36.42 6.44 0.022*

LAFH (mm) 64.14 4.70 65.47 6.71 0.385

Maxillary dentoalveolar component

U1.PP (�) 112.01 7.64 117.66 7.92 0.008*

U1-ANSperp (mm) �0.70 2.93 0.63 3.36 0.114

U1-PP (mm) 28.47 2.53 27.93 2.85 0.457

U6-PP (mm) 23.23 2.62 23.46 2.35 0.735

U6-ANSperp (mm) �28.24 2.25 �27.43 3.20 0.272

Mandibular dentoalveolar component

IMPA (�) 94.49 6.47 92.33 7.57 0.249

L1.NB (�) 25.39 6.46 25.93 5.02 0.728

L1-NB (mm) 4.87 2.55 6.04 2.14 0.068

L1-Pperp (mm) �9.85 3.11 �9.91 4.60 0.956

L1-MP (mm) 38.92 2.60 40.37 3.08 0.059

L6-Pperp (mm) �30.74 2.36 �28.69 3.41 0.010*

L6-MP (mm) 28.19 1.98 28.63 2.48 0.469

Dentoalveolar relationship

Overjet (mm) 7.51 2.39 8.66 2.82 0.100

Overbite (mm) 4.58 2.65 4.42 2.00 0.798

M.Rel (mm) 3.73 0.64 3.39 0.91 0.106

C.Rel (mm) 4.02 1.46 3.70 1.24 0.369

*Statistically significant at P \0.05.
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mandibular retainers, posttreatment changes were also
compared with t tests between compatible subgroups re-
garding these variables. These comparisons showed
mostly results similar to those found with the complete
samples (Tables V-VII).

There was a statiscally significant correlation be-
tween treatment changes in overjet, overbite, and molar
and canine relationships with posttreatment changes
(Table VIII).

DISCUSSION

Fifty-seven patients participating in this study from
the 4000 available might seem small. This was because
of the rigid selection criteria, especially that the patients
must have complete Class II malocclusion at T1 and that
the necessary records were available or could be ob-
tained. Additionally, some patients were not included
to match the groups for several factors described.

The groups were statistically similar regarding the
variables investigated with the exception of initial crowd-
ing, which was statistically greater in group 2 (Table II).
Even though the subjects in group 2 were older at T1 and
T2 than those in group 1, this was not statistically signif-
icant. Also, the treatment and posttreatment times were
similar numerically and statistically. Therefore, this age
difference should not interfere in the comparisons. These
variables had to be similar between the groups because
they could have an influence on the results.9,19-22

Although no effort was made to match the groups
for cephalometric characteristics at T1, only 5 of 26
variables showed statistically significant differences



Table IV. Comparisons of intergroup posttreatment changes (t tests)

Group 1
(2 maxillary premolar extractions, n530)

Group 2
(4 premolar extractions, n527)

Variable Mean SD Mean SD P

Maxillary component

SNA (�) 1.90 1.84 0.39 1.80 0.002*

Co-A (mm) 2.02 2.60 1.50 2.84 0.473

A-Nperp (mm) 2.40 2.82 1.74 2.60 0.370

Mandibular component

SNB (�) 0.82 1.47 0.31 1.55 0.215

Co-Gn (mm) 2.21 3.35 2.36 4.80 0.891

Maxillomandibular relationship

ANB (�) 1.08 1.76 0.06 1.55 0.025*

Wits (mm) 0.77 2.57 0.49 2.96 0.706

Vertical component

FMA (�) �2.39 2.99 �2.58 3.82 0.830

SN.GoGn (�) �2.14 2.92 �1.39 2.86 0.334

LAFH (mm) 0.53 1.92 �0.10 2.45 0.282

Maxillary dentoalveolar component

U1.PP (�) 0.41 3.73 0.85 4.32 0.678

U1-ANSperp (mm) �0.58 2.10 0.78 3.04 0.052

U1-PP (mm) 0.59 1.33 0.07 1.43 0.161

U6-PP (mm) 0.15 1.50 0.35 1.73 0.640

U6-ANSperp (mm) 0.81 2.06 1.54 2.57 0.235

Mandibular dentoalveolar component

IMPA (�) 0.34 3.86 0.71 4.29 0.732

L1.NB (�) �0.60 4.11 �0.18 3.65 0.682

L1-NB (mm) �0.28 0.93 �0.56 1.14 0.300

L1-Pperp (mm) 0.86 1.71 1.40 1.93 0.268

L1-MP (mm) 0.73 1.17 0.67 1.82 0.889

L6-Pperp (mm) 2.02 1.82 2.15 1.99 0.800

L6-MP (mm) 1.26 1.39 0.71 2.29 0.277

Dentoalveolar relationship

Overjet (mm) 0.55 1.19 0.94 1.31 0.244

Overbite (mm) 1.04 1.26 0.79 1.28 0.459

M.Rel (mm) 0.11 0.61 0.61 0.78 0.038*

C.Rel (mm) 1.23 1.51 1.58 1.91 0.447

*Statistically significant at P \0.05.
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between them (Table III). Group 2 had greater Class II
anteroposterior apical-base discrepancy (Wits) and
more vertical growth pattern (FMA, SNGoGn) than
group 1. These characteristics might have contributed
to the choice of the 4-premolar extraction protocol
used to treat these patients.23-25 The statistically
smaller labial inclination of the maxillary incisors
(U1.PP) in group 1 might be because of the 7 Class
II Division 2 patients in this group. The more mesially
positioned first molars of group 2 (L6-Pperp) might
partially explain the greater crowding in this group.
Therefore, with only 5 statistically different variables
between the groups, it can be assumed that they were
reasonably matched.

The posttreatment changes in both groups were
similar for most variables with the exception of forward
displacement of the maxilla, apical-base relationship,
and molar relationship. Group 1 (2 maxillary premolar
extractions) had a statistically greater forward maxillary
displacement (SNA) than group 2 (4 premolar extrac-
tions) in the posttreatment period (Table IV). This
greater forward maxillary displacement might have
contributed toward the greater increase in the apical-
base relationship for this group. These differences could
have resulted from the greater use of anchorage rein-
forcement with extraoral headgear appliances in group
2 to correct the posterior segment Class II relation-
ship.26-28 Anchorage reinforcement with extraoral
headgear in group 1 was comparatively less than in
group 2 because, with 2 maxillary premolar extractions,
it is unnecessary to correct the molar Class II relation-
ship.1,8,11,29,30 Therefore, in the posttreatment period,
the forward maxillary displacement resumed more
intensively in group 1.31,32



Table V. Comparisons of intergroup posttreatment changes (t tests) including only patients with compatible crowding

Group 1
(2 maxillary premolar extractions, n520)

Group 2
(4 premolar extractions, n516)

Variable Mean SD Mean SD P

Maxillary component

SNA (�) 1.67 1.63 0.32 1.95 0.030*

Co-A (mm) 2.13 2.73 2.05 2.73 0.935

A-Nperp (mm) 2.58 2.88 1.70 2.08 0.313

Mandibular component

SNB (�) 0.64 1.51 0.03 1.71 0.264

Co-Gn (mm) 2.92 3.47 2.91 5.29 0.999

Maxillomandibular relationship

ANB (�) 1.04 1.57 0.29 1.56 0.161

Wits (mm) 1.12 2.25 0.88 3.23 0.796

Vertical component

FMA (�) �2.42 3.33 �2.04 3.07 0.733

SN.GoGn (�) �1.71 2.93 �0.79 3.12 0.370

LAFH (mm) 0.85 2.04 �0.02 2.60 0.293

Maxillary dentoalveolar component

U1.PP (�) 1.24 3.70 1.05 4.97 0.579

U1-ANSperp (mm) �0.82 2.14 0.74 2.85 0.070

U1-PP (mm) 0.65 1.36 0.07 1.55 0.239

U6-PP (mm) 0.51 1.48 0.36 1.58 0.782

U6-ANSperp (mm) 0.61 1.77 1.17 2.09 0.391

Mandibular dentoalveolar component

IMPA (�) 0.17 4.11 �0.56 3.77 0.591

L1.NB (�) �0.56 4.44 �1.19 3.34 0.639

L1-NB (mm) �0.30 1.11 �0.78 0.87 0.161

L1-Pperp (mm) 0.62 1.56 1.14 1.67 0.339

L1-MP (mm) 0.76 1.11 0.89 1.40 0.742

L6-Pperp (mm) 1.94 1.59 1.93 1.87 0.988

L6-MP (mm) 1.12 1.45 0.66 2.57 0.509

Dentoalveolar relationship

Overjet (mm) 0.53 1.37 1.19 1.37 0.157

Overbite (mm) 0.80 1.28 0.93 1.39 0.762

M.Rel (mm) 0.07 0.96 0.71 0.71 0.031*

C.Rel (mm) 1.41 1.64 2.03 1.49 0.249

*Statistically significant at P \0.05.
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Despite the significantly greater maxillary forward
displacement and greater apical-base discrepancy in-
crease in group 1, there was a significantly smaller Class
II molar-relationship (M.Rel) relapse than in group 2.
The greater relapse of molar relationship toward Class
II in group 2 probably occurred because it was changed
into a Class I relationship with treatment.1,9,33 Therefore,
in the posttreatment period, there was greater relapse to-
ward the initial Class II molar relationship because the
teeth usually tend to recover their original positions in
the posttreatment period.3,5,7,9,27,34-36 A greater, although
not significant, maxillary first molar mesialization (U6-
ANSperp) in group 2 might have accounted for this
difference as well. In group 1, the original Class II molar
relationship was maintained with treatment, and, for this
reason, changes in molar relationship in the posttreat-
ment period were small.5,7 This was confirmed by the sig-
nificant correlation of the dental-relationship treatment
changes with the posttreatment changes (Table VIII).
Changes in overjet, overbite, and canine relationships
were similar in both protocols during treatment, and, con-
sequently, the posttreatment changes were similar.19,37,38

However, molar-relationship treatment changes were
different in both protocols; therefore, there was also a
difference in the posttreatment changes, as shown.5,7,27

Because molar and canine relationships, and overjet
depend on each other, one might wonder why there was
no difference in posttreatment changes for the canine re-
lationship and overjet as in molar relationship. This could
have resulted from imprecision in identifying some ceph-
alometric landmarks, especially canine cusp tips and
from the larger standard deviations of these variables.
Nevertheless, there were greater, but nonsignificant, re-
lapse changes for these variables in group 2 (Table IV).



Table VI. Comparisons of intergroup posttreatment changes (t tests) including only Class II Division 1 patients

Group 1
(2 maxillary premolar extractions, n523)

Group 2
(4 premolar extractions, n527)

Variable Mean SD Mean SD P

Maxillary component

SNA (�) 1.76 1.91 0.39 1.80 0.012*

Co-A (mm) 2.00 2.71 1.50 2.84 0.519

A-Nperp (mm) 2.54 2.80 1.74 2.60 0.306

Mandibular component

SNB (�) 0.65 1.54 0.31 1.55 0.451

Co-Gn (mm) 2.37 3.39 2.36 4.80 0.993

Maxillomandibular relationship

ANB (�) 1.11 1.79 0.06 1.55 0.032*

Wits (mm) 1.01 2.51 0.49 2.96 0.510

Vertical component

FMA (�) �2.50 3.11 �2.58 3.82 0.936

SN.GoGn (�) �1.96 3.20 �1.39 2.86 0.508

LAFH (mm) 0.44 1.87 �0.10 2.45 0.391

Maxillary dentoalveolar component

U1.PP (�) 0.55 3.90 0.85 4.32 0.795

U1-ANSperp (mm) �0.52 2.18 0.78 3.04 0.093

U1-PP (mm) 0.62 1.32 0.07 1.43 0.168

U6-PP (mm) 0.25 1.49 0.35 1.73 0.829

U6-ANSperp (mm) 1.00 2.05 1.54 2.57 0.425

Mandibular dentoalveolar component

IMPA (�) 0.15 3.92 0.71 4.29 0.633

L1.NB (�) �0.80 4.32 �0.18 3.65 0.583

L1-NB (mm) �0.31 0.98 �0.56 1.14 0.414

L1-Pperp (mm) 0.93 1.67 1.40 1.93 0.363

L1-MP (mm) 0.72 1.19 0.67 1.82 0.907

L6-Pperp (mm) 2.35 1.72 2.15 1.99 0.713

L6-MP (mm) 1.10 1.43 0.71 2.29 0.483

Dentoalveolar relationship

Overjet (mm) 0.67 1.22 0.94 1.31 0.463

Overbite (mm) 1.13 1.30 0.79 1.28 0.355

M.Rel (mm) 0.14 0.10 0.61 0.78 0.069

C.Rel (mm) 1.44 1.44 1.58 1.91 0.771

*Statistically significant at P \0.05.
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Results in the subgroups were similar to the results
of the whole group (Tables V-VII). The statistically
greater maxillary forward displacement was the com-
mon denominator in the whole group and every sub-
group; it can then be regarded as an actual difference
between these treatment protocols. However, a statisti-
cally greater apical-base discrepancy increase and a sig-
nificantly smaller Class II molar-relationship relapse in
subgroup 1 only occurred again when the groups were
matched for type of malocclusion and anterior crowd-
ing, respectively. Therefore, this means that the differ-
ences in these variables are not strong enough and can
be affected by these factors.

Based on these results, it can be generally inferred
that, for most dentoalveolar and skeletal variables, there
was similar stability for both treatment protocols of
Class II malocclusions. This means that the concern
that finishing with a Class II molar relationship will
lead to more instability is unfounded.39,40 The group
that had 2 maxillary premolar extractions had greater
maxillary forward displacement and greater increase
in the apical-base relationship discrepancy in the post-
treatment period than did the 4-premolar extraction
group. However, these differences were too small to
be considered clinically significant and caused no sig-
nificantly greater dentoalveolar relationship relapse
than group 2. But group 2 had a greater significant mo-
lar-relationship relapse toward a Class II relationship
compared with group 1. Nevertheless, the subgroup
comparison showed no consistent difference in molar-
relationship relapse, meaning that some unmatched
variables might have interfered with the comparison.
Additionally, the other important dental relationships
such as overjet, overbite, and canine relationships had



Table VII. Comparisons of intergroup posttreatment changes (t tests) including only patients without canine-to-canine
mandibular retainers

Group 1
(2 maxillary premolar extractions, n517)

Group 2
(4 premolar extractions, n525)

Variable Mean SD Mean SD P

Maxillary component

SNA (�) 1.77 1.91 0.58 1.64 0.037*

Co-A (mm) 2.07 2.48 1.64 2.90 0.619

A-Nperp (mm) 2.22 2.76 1.75 2.69 0.584

Mandibular component

SNB (�) 0.67 1.40 0.54 1.28 0.756

Co-Gn (mm) 2.22 3.61 2.68 4.79 0.742

Maxillomandibular relationship

ANB (�) 1.09 1.95 0.04 1.61 0.065

Wits (mm) 1.20 2.06 0.52 2.67 0.381

Vertical component

FMA (�) �1.99 3.21 �2.60 3.97 0.604

SN.GoGn (�) �1.85 2.95 �1.56 2.82 0.749

LAFH (mm) 0.38 1.79 �0.04 2.45 0.621

Maxillary dentoalveolar component

U1.PP (�) 1.02 3.97 0.94 4.46 0.948

U1-ANSperp (mm) �0.55 2.23 0.84 3.15 0.125

U1-PP (mm) 0.55 1.30 0.25 1.34 0.468

U6-PP (mm) 0.44 1.36 0.49 1.65 0.917

U6-ANSperp (mm) 0.79 2.39 1.50 2.66 0.382

Mandibular dentoalveolar component

IMPA (�) �0.61 3.71 0.82 4.09 0.253

L1.NB (�) �1.44 3.26 �0.05 3.39 0.192

L1-NB (mm) �0.35 0.56 �0.55 1.16 0.526

L1-Pperp (mm) 0.97 1.60 1.40 1.99 0.467

L1-MP (mm) 0.81 0.99 0.75 1.86 0.898

L6-Pperp (mm) 2.01 1.76 2.13 2.02 0.841

L6-MP (mm) 0.78 1.37 0.67 2.15 0.847

Dentoalveolar relationship

Overjet (mm) 0.62 1.11 1.01 1.29 0.322

Overbite (mm) 1.25 1.53 0.89 1.21 0.399

M.Rel (mm) 0.37 0.98 0.58 0.80 0.453

C.Rel (mm) 1.36 1.47 1.57 1.98 0.720

*Statistically significant at P \0.05.
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no intergroup differences in the posttreatment period.
Therefore, since the protocol of 2 maxillary premolar
extractions has a greater treatment success rate than

Table VIII. Correlation between treatment and posttreat-
ment changes (Pearson correlation coefficients)

Groups 1 and 2

Variable

Treatment
changes† (T2-T1)

Posttreatment
changes (T3-T2)

R PMean SD Mean SD

Overjet (mm) 4.66 2.65 0.74 1.26 0.45 0.000*

Overbite (mm) 2.08 2.29 0.92 1.26 0.31 0.019*

M.Rel (mm) 5.60 1.47 1.40 1.71 0.35 0.007*

C.Rel (mm) 1.84 2.61 0.35 0.91 0.33 0.011*

*Statistically significant at P\0.05; †Treatment changes are expressed

in absolute values
the 4-premolar extraction protocol for complete Class
II malocclusion treatment and also similar treatment
stability, it could be the preferred treatment alternative
for this malocclusion type when there is little to moder-
ate crowding in the mandibular arch, or when the ceph-
alometric discrepancy does not negatively affect the
soft-tissue profile, for example.1

CONCLUSIONS

Overall, treatment of complete Class II malocclu-
sions with 2 maxillary premolar extractions or 4 premolar
extractions had similar long-term posttreatment stability.
There was a significant correlation between the treatment
changes in overjet, overbite, and molar and canine rela-
tionships with their posttreatment changes.
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