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Skeletal Changes Seen in Nonsurgically Treated Patients with
Skeletal Class II Malocclusion
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A b s t r ac t
Aims and objectives: To evaluate and compare the skeletal changes before and after the treatment of skeletal class II malocclusion with the
extraction of premolars followed by fixed appliance therapy.
Materials and methods: Thirty individuals, with class II skeletal patterns due to a prognathic maxilla, were selected as per the inclusion criteria.
Pretreatment and posttreatment lateral cephalograms of the selected study participants were obtained, analyzed, and compared to assess the
changes that might have occurred. Descriptive statistics mean and standard deviation were calculated for all variables. The pretreatment and
posttreatment changes were calculated using the paired t-test. A value of p < 0.05 is considered to be statistically significant.
Results: There was a decrease in mean SNA posttreatment, i.e., 1.82° and there was a decrease in mean SNB posttreatment, i.e., 0.65°. The mean
ANB values also showed a significant decrease of 1.17°. Both the SN-GoGn and the FMA increased significantly by 0.83 and 1°, respectively.
There was a significant increase in all facial height values [total anterior facial height (TAFH), lower anterior facial height (LAFH), and posterior
facial height (PFH)]. The WITS values were observed to significantly decrease by 0.79 mm. There was also a statistically significant increase in
the n-B and N-Pog values.
Conclusion: The results showed that extraction therapy in skeletal class II patients due to a prognathic maxilla (with class II div 1 malocclusion)
has an overall improvement of the patients’ skeletal profile since most of the reduction in the sagittal parameters was due to the remodeling of
point A rather than the forward displacement of point B. An increase in the overall facial height was also observed in all the study participants.
This in turn led to a backward displacement of point B leading to a potential worsening of the facial profile which was overcome by the significant
remodeling of point A.
Clinical significance: An important factor to be taken into consideration is the control of vertical height while retracting the anteriors as this
study proves that there was a definite increase in the anterior facial height and TAFH of patients at the end of the treatment. The use of head
gear/mini implants is mandatory to maintain the vertical relationship of the molars especially while treating patients who have a hyperdivergent
growth pattern.
Keywords: Camouflage, Class II, Extraction, Facial height, Orthodontic camouflage, Premolar, Prognathic maxilla, Skeletal class II, Vertical
dimension of occlusion.
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I n t r o d u c t i o n
Esthetic outlook, an active function, and balanced occlusion are
the end goals of any orthodontic treatment.1 One of the most
studied malocclusions is class II malocclusion. It may result from
dental/skeletal disharmony. Skeletal class II cases usually present
with maxillary prognathism or mandibular retrognathism or a
combination of both.
The Indian population has a diverse notion about individuals
with a convex profile. This poses a big challenge to the orthodontist
treating the patient as he/she has to choose one of the many options
available for the treatment of class II malocclusion. The decision
of choosing the appropriate treatment plan should be based on a
visual perspective rather than evidence-based only.2 The treatment
options for adult skeletal class II malocclusion are either surgical
intervention or camouflage therapy. These cases almost always
present with an increased overjet and thereby require the extraction
of premolars to distalize the anteriors.1
The debate on the validity of extraction to improve the profile
of the patient is ongoing till today. To date, the effect of premolar
extraction on the facial vertical dimension is controversial. 3 Some
results have shown that the extraction of four premolars leads to
an unaesthetic profile because of the “dishing” of the lips relative
to the chin and nose.4 It is known that the facial sagittal and vertical
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dimensions would be changed by the movement of the molar
teeth.5,6 The extrusion of molar teeth causes a clockwise rotation
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in the mandible. Accordingly, the backward mandibular tip would
increase lower facial height and SN/MP angle.7–10 Some authors
believe that premolar extraction allows the posterior teeth to
move mesially, thereby decreasing the vertical dimension of the
face, while few authors have reported an average increase in lower
anterior facial height (LAFH) and total anterior facial height (TAFH)
values. 3 A few authors believe that the extraction of premolars
causes TMJ issues due to over closure of the lower jaw and excessive
retraction of the anteriors,11 whereas some authors completely
disagree with the relation of premolar extraction and TMJ issues
that occur due to change in the vertical dimension of the face.12–18
As indicated by the “Wedge concept”, if the extraction of the lower
second premolar is done, then the forward movement of the molar
would reduce the vertical dimension of the face which might be
ideal for patients with hyperdivergent faces. This, however, could
still lead to TMD.11,19,20 However, according to some researchers,
extraction and nonextraction treatments do not produce very
different results.21–23
Most of the studies on the effects of premolar extraction
have focused on the dentoalveolar effects on the facial profile,
only a few studies have focused solely on the skeletal changes
following premolar extraction. Hence, the present retrospective
cephalometric study intends to evaluate and compare the
skeletal changes before and after the treatment of skeletal class II
malocclusion with the extraction of premolars followed by fixed
appliance therapy.

M at e r ia l s

and

M e t h o d s

Source of Data
This retrospective study was conducted in the Department of
Orthodontics and Dentofacial Orthopedics, AB Shetty Memorial
Institute of Dental Sciences over the course of 1 year and 8 months.
Thirty skeletal class II patients with maxillary excess whose ages
ranged from 14 to 30 years and who had undergone extraction
of four premolars for their orthodontic treatment were selected
for this study.
The ethical guidelines for the study were in accordance with the
World Medical Association Declaration of Helsinki, 1975 as revised in
2013. Before the start of the study, the Institutional ethical Clearance
was obtained (ABSM/EC89/2015).
Study materials consisted of pretreatment and posttreatment
lateral cephalograms, case history records, and treatment logs
of 30 skeletal class II patients with maxillary excess. The lateral
cephalograms obtained were made under standardized conditions
with the Frankfort Horizontal plane kept parallel to the floor and
the midfacial plane kept in a vertical position. The tracing of lateral
cephalograms was done using 0.003-inch acetate paper with a 2H
lead pencil. All tracings were done by one investigator.
The inclusion criteria for the study were detailed and specific
to the objective of the study. The cases to be studied should have
been diagnosed with skeletal class II malocclusion with maxillary
prognathism. The availability of full records, including pretreatment
and posttreatment lateral cephalograms, case history, and
treatment logs with clearly documented orthodontic treatment
mechanics was a must. Only those treatments that involved the
extraction of four premolars were included in the study. All cases
to be studied should have been that with completed orthodontic
treatment and the age of the study participants to be studied were
to be in the range between 14 years and 30 years.

Cases that used headgear/functional appliances before or
during the fixed appliance therapy were excluded from the study.
Cases that had ANB of <4°, Sn-GoGn of >35° and SNB of <78° were
excluded from the study. Cases that were diagnosed with any
syndrome(s) and/or cleft lip and palate cases were excluded from
the study. Lastly, cases whose treatment plan involved surgical
intervention were also excluded from the study.
Of the 1,135 patients from the archive, only 424 patients had
skeletal class II relation. Of the 424 patients, 169 patients required
the extraction of 4 premolars. Of the 169 patients, only 43 of them
were diagnosed with skeletal class II due to prognathic maxilla. Of
the 43 patients, only 36 patients were within the age group of 14–30
years. Of the remaining 36 patients, 6 patients were eliminated
from the study due to a lack of records. The remaining 30 cases
that fulfilled the above-mentioned inclusion and exclusion criteria
were selected for the study.
Cephalometric analysis was done by tracing the following
anatomic points as Sella Turcica (S), Nasion (N), Supramentale (B),
Subspinale (A), Pogonion (pog), Gonion (Go), Gnathion (Gn), Anterior
Nasal Spine (ANS), Posterior Nasal Spine (PNS), Condylion (Co), and
Planes such as Sella-Nasion Plane, Frankfort’s Horizontal Plane,
True Horizontal Plane, Mandibular plane (Steiners), Mandibular
plane (Downs), Palatal Plane, Occlusal plane. Angular changes were
recorded by measuring SNA, SNB, ANB, SNGoGn, MM, FMA, N-A Pg
and linear changes were measured using TAFH, LAFH, posterior
facial height (PFH), WITS, Co-A, Co-B, N-A, N-B, N-Pg.

Statistical Analysis
Descriptive statistics mean and standard deviation were calculated
for all variables. The paired t-test was used to calculate pretreatment
and posttreatment changes. A value of p < 0.05 is considered to be
statistically significant. Microsoft Excel and SPSS software version
22 were used for statistical analysis.

R e s u lts
The study consisted of 30 study participants. Sixteen of them were
males and 14 of them were females. All individuals belonged to the
state of Karnataka or Kerala.
The data collected presented the following findings.
The angular changes have been tabulated and also represented
in graphical form (Table 1 and Fig. 1).
The mean values of SNA pretreatment and posttreatment
were found to be 87.27 ± 2.94 and 85.45 ± 2.69, respectively. The
statistically significant decrease (p < 0.05) in SNA values signifies a
substantial improvement in the skeletal profile.
The mean values of SNB pretreatment and posttreatment were
found to be 81.20 ± 2.66 and 80.55 ± 2.74, respectively. Contrary
to the SNA values, the statistically significant decrease (p < 0.05) in
SNB values signifies a potential worsening of the patient’s skeletal
profile.
The mean values of ANB pretreatment and posttreatment
were found to be 6.07 ± 1.42 and 4.90 ± 1.69, respectively, which
also showed a statistically significant decrease (p < 0.05) in value.
This value indicates an overall improvement in maxilla-mandibular
harmony.
The mean values of SN-GoGn pretreatment and posttreatment
were found to be 31.62 ± 4.57 and 32.45 ± 4.13, respectively. The
increase in mean SNGoGn posttreatment was statistically significant
compared to pretreatment (p = 0.008) and showed that the
mandible rotated in a clockwise manner.
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Table 1: Comparison of cephalometric measurements (angular) pretreatment and posttreatment

SNA Pre
SNA Post
SNB Pre
SNB Post
ANB Pre
ANB Post
SNGoGn Pre
SNGoGn Post
MM Pre
MM Post
FMA Pre
FMA Post
N-A Pg Pre
N-A Pg Post

N
30
30
30
30
30
30
30
30
30
30
30
30
30
30

Mean
87.27
85.45
81.20
80.55
6.07
4.90
31.62
32.45
28.93
28.28
29.07
30.07
11.82
11.18

SD
2.94
2.69
2.66
2.74
1.42
1.69
4.57
4.13
5.43
4.95
5.70
5.26
3.61
3.20

Mean
difference
1.82

95% confidence interval of the
difference
T
11.362

p
<0.001

Lower
1.49

Upper
2.14

0.65

3.791

0.001

0.30

1.00

1.17

6.664

<0.001

0.81

1.52

−0.83

−2.864

0.008

−1.43

−0.24

0.65

1.961

0.06

−0.03

1.33

−2.693

0.012

−1.76

−0.24

1.363

0.184

−0.32

1.58

−1.0
0.63

WITS was 0.79 mm. The decrease in WITS value shows that there
was an improvement in the subject’s facial profile.
The mean Co-A, Co-B, and N-A did not differ significantly
posttreatment compared to pretreatment (p > 0.05).
There was also a decrease in mean N-B and mean N-Pg
posttreatment compared to pretreatment and they were
statistically significant (p < 0.05). The mean difference between the
pretreatment and posttreatment N-B and N-Pg were 1.1 and 1 mm,
respectively. The decrease in both the values signifies a potential
worsening of the subject’s facial profile.

D i s c u s s i o n

Fig. 1: Cephalometric angular measurements pretreatment and
posttreatment

The mean values of FMA pretreatment and posttreatment were
found to be 29.07 ± 5.70 and 30.07 ± 5.26, respectively. The increase
in mean FMA posttreatment was statistically significant compared
to pretreatment (p = 0.012). This also showed us that at the end of
the treatment, the mandible had rotated in a clockwise manner.
The mean MM and N-A Pg did not differ significantly
posttreatment when compared to pretreatment (p > 0.05).
The linear changes have been tabulated and also represented
in graphical form (Table 2, Figs 2 and 3).
Posttreatment, there was an increase in mean TAFH, LAFH, and
PFH compared to pretreatment and it was statistically significant (p
< 0.05). The mean difference of the pretreatment and posttreatment
TAFH, LAFH, and PFH was 2.8, 2.39, and 0.8 mm, respectively. The
increase in the values of TAFH, LAFH, and PFH shows us that there
is an overall increase in the facial height of the subject at the end
of the treatment.
There was a decrease in mean WITS posttreatment, and it was
statistically significant compared to pretreatment (p = 0.001). The
mean difference between the pretreatment and posttreatment
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This retrospective study aimed to evaluate and compare the
skeletal changes before and after the treatment of skeletal class II
malocclusion with the extraction of premolars followed by fixed
appliance therapy. Although severe skeletal class II cases require
surgical intervention, not all patients agree for the same. In such
cases, extraction treatment can be used as an alternative to slightly
improve the profile. Knowledge of the skeletal changes that occur
in a patient after the extraction of premolars is vital to understand
how the profile of the patient improves. The data acquired sheds
light on the pros and cons of extraction therapy on the patient’s
profile. Using this knowledge, we can better prepare ourselves to
arrive at an accurate treatment plan for the patient. Various studies
have tried to show the skeletal changes that occur after extraction
therapy. However, none of them have used the many detailed
cephalometric parameters such as is in our study. Nanda has shown
that when cervical headgears and fixed functional appliances were
used, there was an extrusive effect on the posterior teeth, thereby
increasing the facial height.24 Hence, cases that had undergone
headgear therapy, fixed functional therapy, or both were excluded
from the study. We did not include a nonextraction group to
compare the results with because nonextraction treatment of a
class II div 1 malocclusion invariably involves the use of headgear
and/or fixed functional therapy.
In this study, we included cases that had a skeletal pattern of
class II with maxillary prognathism and dental malocclusion of
class II div 1 pattern. The age group of the patients ranged between
14 and 30 years and since some patients were still in the circum
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Table 2: Comparison of cephalometric measurements (linear) pretreatment and posttreatment

TAFH Pre
TAFH Post
LAFH Pre
LAFH Post
PFH Pre
PFH Post
WITS Pre
WITS Post
Co-A Pre
Co-A Post
Co-B Pre
Co-B Post
N-A Pre
N-A Post
N-B Pre
N-B Post
N-Pg Pre
N-Pg Post

N
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

Mean
121.03
123.83
72.28
74.67
79.87
80.67
2.72
1.93
91.30
90.60
108.23
108.27
3.05
2.52
−5.08
−6.18
−5.37
−6.37

SD
7.60
7.65
6.38
6.43
5.39
5.14
2.08
2.04
6.55
6.58
7.24
7.51
4.14
4.04
5.96
5.86
6.36
6.11

95% confidence interval of the
difference

Mean difference
−2.8

T
−7.992

p
<0.001

Lower
−3.52

Upper
−2.08

−2.39

−7.355

<0.001

−3.05

−1.72

−0.8

−3.449

0.002

−1.27

−0.33

0.79

3.684

0.001

0.35

1.22

0.691

2.04

0.66

−0.93

−0.58

−0.114

0.91

−0.63

0.57

0.5333

1.727

0.095

−0.10

1.16

1.1

3.886

0.001

0.52

1.68

1

3.042

0.005

0.33

1.67

−0.033

Fig. 2: Cephalometric linear measurements pretreatment and
posttreatment (TAFH, LAFH, PFH, Co-A, Co-B)

Fig. 3: Cephalometric linear measurements pretreatment and
posttreatment (WITTS, N-A, N-B, N-Pg)

pubertal period, the residual growth was taken into consideration
while analyzing the results of this study.
Significant reductions in SNA angle in our study suggest that
there was definitely a remodeling of point A that occurred, which
led to a decrease in these values. This is in accordance with a
study done by Kafle and Ulrich25 where they noticed a significant
decrease in the SNA angle of study participants with class II div
1 malocclusion who underwent extraction of premolars for the
orthodontic treatment. The SNB angle in our study also showed a
statistically significant reduction with a mean value of 0.65° when
compared to the pretreatment values which is in accordance with
a study done by Heravi et al.26 where there was a decrease of 0.74°.
The decrease in the SNB angle can be attributed to the opening

of the mandibular plane angle which leads to a clockwise rotation
of the mandible.
The ANB angle also showed a statistically significant
reduction. However, what has to be noted is that the apparent
reduction in the ANB was due to the reduction in SNA than the
decrease in SNB.
The significant increase in SN-GoGn Angle and the FMA angle
indicates rotation of the mandible in the clockwise direction, which
is similar to the observations done by Gianelly et al.,14 Kim and
Kim,27 and Kocadereli.28
The difference in the MM angle was statistically insignificant
when compared between the pretreatment and posttreatment
groups which are contrary to the findings of Dwivedi et al.3 who
reported an increase in the MM angle. The N–A–Pog angle also
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showed a nonsignificant decrease between the pretreatment
and posttreatment values. This suggests a mild improvement in
the convexity of the profile. The increase in TAFH could be due
to the extrusion of the molars during the bite opening process or
could also be attributed to the use of class II elastics during space
closure/settling. The findings of this study are in accordance with
the findings of Tarvade,29 Heravi,26 Ahn and Schneider,30 and Kim
and Kim.27
The LAFH also showed a mean increase of 2.39 mm which
are in accordance with the findings of Sivakumar and Valiathan,31
Tarvade et al.,29 and Zafarmand and Zafarmand. 32 We account for
the increase in the LAFH due to the unwanted extrusion of the
molars during bite opening mechanics and/or due to class II elastics.
The increase of PFH can be attributed to the fact that some
of the patients in this study still had some amount of growth
left. Our results are closely related to the findings of Tarvade
et al., 29 who found a significant increase in the posterior facial
height in both the Beggs (2.20 mm) and pre-adjusted edgewise
(1.8 mm) group.
A decrease in Wits appraisal values suggests an improvement in
the profile of the patient, however, as stated before, the reduction
in SNA could be due to the remodeling of point A, and hence the
improvement in the profile is more apparent than real which are
similar to the findings of Saniç et al.1 and Makino et al.33 The findings
of this study contradict the findings of Shetty et al.2 who reported
a nonsignificant change in the Wits appraisal.
The changes noted for the effective maxillary length (Co-A)
and the effective mandibular length (Co-B) were statistically
insignificant. A study done by Dyer et al.34 showed a statistically
significant reduction of the maxillary length in both adolescent
and adult samples. The results of their adult samples are similar to
the findings of our study.
A statistically insignificant decrease in N-A values noted was
0.53 mm which is very similar to the findings of Saniç et al.1 who also
noted a statistically insignificant decrease of 0.52 mm. The slight
reduction in the value could be due to the backward remodeling
of point A due to retraction of the anteriors and/or due to the use
of class II elastics.
The N-B and N-Pg showed statistically significant increases that
suggest that there is a slight worsening of the patient’s profile after
the treatment by increasing the convexity of the face.
This study was retrospective in nature and therefore while
collecting the samples for the study, the diagnosis and treatment
planning could have varied from patient to patient. This is one
limitation of our study. A prospective randomized clinical study
would yield more accurate results. Another factor to be taken into
consideration is that our study involved the hand traced analysis
of lateral cephalograms to assess the skeletal changes. This can
be considered as another limitation of the study. In today’s age
of technology, it can be fairly said that digitized cephalograms
with software for cephalometric analysis would provide higher
consistency. Unfortunately, the department archives did not have
digitized cephalograms and that is why we could not use the same
for cephalometric analysis. Although the skeletal changes following
the extraction of four premolars were studied in this study, the
need for its correlation with dental and soft tissue changes are
necessary to have a complete and thorough understanding of the
overall changes that occur to a patient’s profile after the orthodontic
therapy.
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C o n c lu s i o n
The findings of this study can be used to understand the impact
of orthodontic treatment on the facial profile of the patients. The
results show us an overall improvement in the facial profile of
the patient who involved significant correction of the maxillary
relation to the cranium than the mandibular. The results also
show that an increase in the facial height was evident after the
orthodontic treatment that involved the extraction of premolars.
Although this can be advantageous while treating a hypodivergent
patient (low facial height), this can be deleterious while treating a
hyperdivergent patient (increased facial height).
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