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Modern trends in Class III orthognathic treatment:

A time series analysis

Chang-Hoon Leea*; Hyun-Hee Parkb*; Byoung-Moo Seoc; Shin-Jae Leed

ABSTRACT
Objective: To examine the current trends in surgical-orthodontic treatment for patients with Class
III malocclusion using time-series analysis.
Materials and Methods: The records of 2994 consecutive patients who underwent orthognathic
surgery from January 1, 2004, through December 31, 2015, at Seoul National University Dental
Hospital, Seoul, Korea, were reviewed. Clinical data from each surgical and orthodontic treatment
record included patient’s sex, age at the time of surgery, malocclusion classification, type of
orthognathic surgical procedure, place where the orthodontic treatment was performed, orthodontic
treatment modality, and time elapsed for pre- and postoperative orthodontic treatment.
Results: Out of the orthognathic surgery patients, 86% had Class III malocclusion. Among them,
two-jaw surgeries have become by far the most common orthognathic surgical treatment these
days. The age at the time of surgery and the number of new patients had seasonal variations, which
demonstrated opposing patterns. There was neither positive nor negative correlation between pre-
and postoperative orthodontic treatment time. Elapsed orthodontic treatment time for both before
and after Class III orthognathic surgeries has been decreasing over the years.
Conclusion: Results of the time series analysis might provide clinicians with some insights into
current surgical and orthodontic management. (Angle Orthod. 2017;87:269–278)
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INTRODUCTION

In certain countries, Class III patients occupy a

considerable proportion of orthognathic surgery pa-

tients.1–4 Correction of skeletal Class III malocclusions

is the most frequent reason to seek an orthognathic

surgery consultation.2,5 With increasing demand for

improved facial esthetics and advances in surgical

techniques, clinicians must be aware of changing

trends in the management of severe Class III maloc-

clusion patients.

Single-jaw surgeries are less invasive and more

predictable than two-jaw surgeries.6,7 However, for

patients with severe Class III malocclusion one-jaw

surgery alone may be insufficient to achieve a

harmonious profile or an optimal occlusion. For skeletal

Class III treatment, the combination of two-jaw surgery

with an additional genioplasty has become a common

surgical procedure.5,8–11 In recent years, an increase in

the proportion of two-jaw surgeries has also been

perceived at the author’s institution.

A time series is a sequence of observations that are

arranged according to the time of their outcome.

Decomposing a time series separates the data into a

trend component and a seasonal component if they

exist.12–14 The time-series analysis has been popular in

the medical field and the social sciences. However, as

of July 9, 2016, an Internet search using PubMed,

revealed only a few papers that applied the time-series
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method in dentistry. Furthermore time-series analysis
articles have not appeared yet in orthodontic journals.

The purpose of this study was to examine the current
trends in surgical-orthodontic treatment for patients
with Class III malocclusion at Seoul National University
Dental Hospital over the past decade using time-series
analysis.

MATERIALS AND METHODS

This was a retrospective cohort study of all patients
who underwent orthognathic surgical procedures from
January 1, 2004, through December 31, 2015, at Seoul
National University Dental Hospital, Seoul, Korea (IRB
S-D 20140025).

Among the patients reviewed, 116 patients who had
a diagnosis of cleft lip and palate or craniofacial
syndromes, or who had nonconventional orthognathic
surgical procedures (ie, osteotomies for distraction
osteogenesis, condylar reconstruction) were excluded
(Table 1).

Clinical data collected from each medical and dental
record included demographic and clinical variables: (1)
gender; (2) age at the time of surgery; (3) pre- and
postsurgical orthodontic treatment time; (4) type of
orthognathic surgery, including adjunctive surgical
procedures such as genioplasty or para-nasal aug-
mentation performed; (5) place where the supportive
orthodontic treatment was performed; and (6) whether
orthodontic treatment was carried out with or without
extracting the upper premolars.

For variables with a continuous value, median rather
than mean was reported because the median is less
influenced by extreme values.15 Age and time compar-
isons were performed using Wilcoxon tests. The time-
series analysis was performed using the free statistics
software language R (R Development Core Team,
software #R3.3.1, Vienna, Austria).14 To make future
forecasts, the additive Holt-Winters prediction function
was applied.12

RESULTS

Of the total orthognathic surgeries performed, 86%
were for Class III malocclusion (2446; median age, 22
years) (Tables 1 and 2). Over the past decade, Class
III malocclusions have continued to account for the
highest proportion of surgery patients (Figure 1).

The proportion between female and male patients
was not statistically different. The ratio was approxi-
mately 50:50 and has not changed substantially over
time.

More than half of the patients undergoing orthog-
nathic surgery were referred from private orthodontic
offices where they had received orthodontic treatment.
Patients who received orthodontic treatment from

Table 1. All of the Orthognathic Surgery Patients from January 1,

2004, to December 31, 2015

Variables

Frequency

n %

All of the orthognathic surgery patients reviewed (N ¼ 2994)

Female 1534 51.2

Male 1460 48.8

Total 2994 100.0

Patients with congenital anomalies

None 2878 96.1

Patients with cleft 68 2.3

Other anomalies 48 1.6

Patients without anomalies (N ¼ 2878)

Sex

Female 1495 51.9

Male 1383 48.1

Total 2878 100.0

Classification

Class I malocclusion 138 4.8

Class II malocclusion 274 9.5

Class III malocclusion 2466 85.7

Total 2878 100.0

Place of orthodontic treatment performed

The same institution 1404 46.9

Private practice, transferred for the surgery 1590 53.1

Table 2. Class III Orthognathic Surgery Patients (N ¼ 2466) from

January 1, 2004, to December 31, 2015

Variables

Frequency

n %

Sex

Female 1203 48.8

Male 1263 51.2

Total 2466 100.0

Place of orthodontic treatment performed

University orthodontists 1157 46.9

Private practice, transfer for the surgery only 1309 53.1

Extraction except third molars

Non extraction 1239 50.2

Extraction 1227 49.8

Surgery

One-jaw surgery 431 17.5

Two-jaw surgery 2055 82.5

Maxillary surgery

None 405 16.4

Le Fort 1 2016 81.8

Le Fort 2 31 1.3

Le Fort 3 3 0.1

Anterior segment osteotomya 70 2.9

Mandibular surgery

None 28 1.1

Sagittal split ramus osteotomy 2113 85.7

Intraoral vertical ramus osteotomy 301 12.2

Anterior segment osteotomya 5 0.0

Adjunctive surgerya

Genioplasty 1227 49.8

Paranasal augmentation 80 3.2

Zygoma reduction 82 3.3

a Percentages total more than 100 because of multiple surgical
procedures.
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Figure 1. Class III malocclusions continue to dominate the highest proportion of surgery patients.

Figure 2. Two-jaw surgeries have become by far the most common type of orthognathic surgical treatment.
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private practitioners and who were treated at the

school department of orthodontics did not show

significantly different characteristics in terms of sex,

type of orthognathic surgery, or orthodontic treatment

modality.

The proportion of patients who experienced ortho-

dontic treatment with extraction was about 50%

(Table 2). The time-series analysis did not show an

obvious seasonal variation or clear trend regarding

extractions.

Type of Orthognathic Surgery Procedures

Two-jaw surgeries were by far the most common

type of orthognathic surgical treatment. An increase in

two-jaw surgeries and a concurrent reduction in one-

jaw surgeries was noted in recent years. The percent-

Figure 3. The time-series analysis results of the number of Class III orthognathic surgery patients treated.
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age increased about 90% since 2010 (Table 2; Figure

2). Comparison of patients undergoing one-jaw and

two-jaw surgery revealed no significant difference in

patient characteristics reviewed. There were no differ-

ences among the patients’ sex, age, and proportion of

extractions.

For mandibular setbacks, the procedures commonly

carried out were sagittal split ramus osteotomies (85%

of patients) followed by intraoral vertical ramus

osteotomies (12%). Among the maxillary surgical

procedures, the Le Fort I osteotomy was the most

frequent (82% of patients). Of the additional surgeries,

genioplasties were most commonly performed in half of

the patients (Tables 2).

The Number of Class III Orthognathic Surgery

Patients

As a result of the time-series analysis, the trend

component showed that the number of patients treated

for Class III malocclusion seemed to have decreased

from the year 2006 to about 2009, followed by a steady

increase from 2009 to 2013. A small decrease since

2013 was then observed.

A clear seasonal variation demonstrated peaks
every winter and summer. The seasonal variation
indicated that the heights of peaks coincided with the
1-month summer and 2-month winter breaks at schools
in Korea (Figure 3).

The predicted number of patients that will receive
Class III orthognathic surgery in the future is shown in
Figure 4.

Age at Time of Surgery, Pre- and Postsurgical
Orthodontic Treatment Time

The time-series analysis demonstrated a slightly
decreasing trend in the median age over time. The
median age at the time of orthognathic surgery was 22
years and did not differ between female and male
patients.

The seasonal variation of age showed an opposite
pattern compared with the number of patients, which
suggested that surgeries were performed for younger
patients who were likely college students hoping to
receive their surgical procedures during their summer
and winter breaks (Figure 5).

As depicted in Figure 6, the time elapsed for the pre-
and postsurgical orthodontic treatment was highly
variable for each individual patient undergoing Class
III orthognathic surgery. When histograms were de-
picted, all of the time-related variables demonstrated
skewed distribution. The long tails on the right side
indicate that several patients were older or received
longer orthodontic treatment than usual (Figure 7).

There was neither positive nor negative correlation
between pre- and postoperative orthodontic treatment
time (P¼ .4286). The results of the time-series analysis
demonstrated that times required for orthodontic
treatment before and after Class III orthognathic
surgeries have been decreasing over the years (Figure
8).

The median time for orthodontic treatment is shown
in Table 3. In cases involving extraction treatment, the
duration for the pre- and postoperative orthodontics
was extended significantly. This was not different
between genders or between one-jaw and two-jaw
surgeries.

DISCUSSION

The time-series analysis is a sophisticated statistical
method that can reveal greater information than a
cursory observation of data. This study is the first
attempt to examine the current trends in surgical-
orthodontic management using the time-series analy-
sis. Tables 1 through 3 demonstrate the typical way
results are presented. However, since the data set in
this study is primarily dealing with time-related charac-
teristics, a time-series analysis and its graphic visual-

Figure 4. In the log-transformed time series, the size of the seasonal

fluctuations and random fluctuations seemed to be roughly constant

over time (top). The forecasts (middle) were compared with the real

data (bottom). The forecasts were depicted as a solid blue line, the

80% prediction interval as a light blue shaded area, and the 95%

prediction interval as a gray shaded area.
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ization are more informative and easier to understand
than multiple tables. In addition, through decomposi-
tion, meaningful signals from noise can be extracted by
time-series analysis.12,14 Without decomposition, the
trend and the seasonal variation would not be as
apparent.

The results showed that patients with Class III
malocclusion were predominant (roughly 90%). This
is expected in Korea whose population has the highest
known prevalence of Class III malocclusions (approx-
imately one-fifth of its population).2,4,6,7,16–18 Another
contributing reason for the predominance of patients
undergoing Class III orthognathic surgery may be that
patients with Class III malocclusion are more insecure
about the appearance of their facial profile.3,17

In recent years, the increase in the proportion of two-
jaw surgeries was substantial. Two-jaw surgeries with
mandibular setback (98%) and concomitant maxillary
osteotomy (83%) were by far the most common type of
surgical procedures. Regarding patient’s sex, age, and
proportion of extraction orthodontic treatment, there
was no significant difference between patients under-

going one-jaw and two-jaw surgery. Since two-jaw
surgeries control both jaws, two-jaw surgeries can
produce a better profile and occlusion than simple one-
jaw surgeries. Two-jaw surgeries can also help prevent
aggravating sleep apnea by advancing the maxilla,
thus limiting the amount required to set back the
mandible.19–21

This study’s predominance of two-jaw approaches
for correction of skeletal Class III malocclusion may be
due to the fact that this investigation was performed in
an academic center. Referrals from general dentists
play an important role in maintaining the number of
orthognathic surgery patients.22 The high incidence of
two-jaw surgeries may reflect the greater severity of
dentofacial deformities seen in the university dental
hospital.11 It is also possible that the more complex
cases that need two-jaw surgery have moved from the
private practice surgeons to academic oral surgeons at
university hospitals.

Over this past decade, the number of male patients
was much the same as the female patients, which was
similar to previous reports in the United States in

Figure 5. The median age at the time of orthognathic surgery demonstrated a slightly decreasing trend over the years (second from top). A large-

scale view of the seasonal variation of age in blue showed an opposite pattern compared with the number of patients in red (bottom).
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201421 and in Singapore in 2006.1 Meanwhile, a 2014
report in Brazil demonstrated females were more
prevalent among orthognathic surgery patients at a
ratio of 6:4.3

In this study, the number of surgery patients did not
decrease over time. However, in the United States, the
situation seemed to be different. For example, a 2014
report from the University of Pennsylvania,23 a 2005
article from Cleveland, Ohio,10 a 2008 US question-
naire survey,11 and the 2014 JCO Study of Orthodontic
Diagnosis and Treatment Procedures15 all found a
decrease in the number of orthognathic surgery
patients. Most oral surgeons, plastic surgeons, and
orthodontists in the United States claim that monetary
reimbursement from insurance providers was the major
reason for the reduction in the number of surgical
procedures.11,23 Another major reason may be due to
advances in orthodontic techniques, such as the use of
orthodontic mini-implants and mini-plates, which may
have reduced the necessity of orthognathic surgical
procedures.7,15,24,25

In the United States, patients with Class III maloc-
clusion occupied only 30% of the patients seeking
orthognathic surgery consultation.26 In Brazil, Class III
surgery patients were predominant at 55%,3 and in
Singapore, the percentage of patients with Class III
malocclusion reached 68%.1

Figure 6. The time elapsed for the pre- and postsurgical orthodontic treatment time was highly variable.

Table 3. Supportive Orthodontic Treatment Time (Months) of the

Class III Surgery Patients

Variables Median (Months) IQR P Valuea

Preoperative orthodontic treatment time (month)

Pooled data 13.4 (9.3, 18.4)

Extraction

Nonextraction 10.7 (7.4, 15.2) ,.0001

Extraction 16.6 (12.4, 21.6)

Surgery

One-jaw surgery 14.1 (10.3, 20.2) .1456

Two-jaw surgery 13.3 (9.0, 18.4)

Postoperative orthodontic treatment time (month)

Pooled data 8.7 (6.5, 11.8)

Extraction

Nonextraction 8.3 (6.1, 10.9) ,.0001

Extraction 9.4 (7.2, 12.4)

Surgery

One-jaw surgery 8.4 (6.0, 11.4) .1139

Two-jaw surgery 8.8 (6.6, 11.9)

Total orthodontic treatment time (month)

Pooled data 23.4 (17.9, 30.0)

Extraction

Nonextraction 19.3 (15.3, 25.5) ,.0001

Extraction 26.7 (22.1, 32.4)

Surgery

One-jaw surgery 22.8 (18.3, 30.5) .8476

Two-jaw surgery 23.5 (17.8, 29.7)

a Result of the two-sample Wilcoxon test to compare the treatment
time between the two groups; IQR indicates interquartile range.
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The estimated treatment time is the second most
important issue considered by patients, next to
treatment fees.27 Orthognathic surgery may lead to
prolonged treatment time.28 Table 3 indicates that total
treatment time may last longer than 2 years and 2
months for extraction patients, or less than 20 months
otherwise. The increased duration of treatment time in
patients undergoing orthognathic surgery may simply
be a reflection of the severity of the case. Treatment
time might have also been affected by students
delaying surgery until the school break periods.
However, other factors, such as the number of missed
appointments and number of primary doctors and/or
residents, can affect the treatment time.27

As shown in Figure 7, time variables are likely to be
skewed. To have the distribution normalized so that it
can be handled by parametric statistical inferential
tests, variance stabilizing transformation methods were
applied, including logarithmic, square root, and square
root of the square root transformations. However, no
data transformation methods were successful in
obtaining normal Gaussian distribution. This was
suggestive of the impossibility in handling the time
variables with a simple parametric statistical analysis.
In Figure 6, the long and outstanding line spikes are

outliers that were supposed to be located in the long
right-hand sided tails of the histograms shown in Figure
7. From the clinical point of view, the skewed
distribution of all of the time-related variables seemed
to reflect the real clinical situation.

After applying the time-series analysis, decreasing
patterns of presurgical, postsurgical, and, thus, total
orthodontic treatment times were observed (Figure 8).
This trend of shorter treatment times is likely due to
advances in surgical procedures and improvement of
stability after surgery as well as effective orthodontic
treatment mechanics.

To further decrease treatment time, a ‘‘surgery first’’
approach has been proposed by some advocates. It is
presented as a new concept and purports shorter
treatment times. However, before the 1980s, most
surgeons did not want orthodontists to perform presur-
gical orthodontic treatment. In fact, from the beginning,
orthognathic surgeries were surgery first. Papers
advocating surgery first demonstrate significantly short-
er orthodontic treatment. However, there are serious
issues regarding the statistical analyses in the papers
published by the advocates for surgery first. Most
studies of the surgery first approach have a limited
number of subjects. The statistical analyses also do not

Figure 7. All of the time-related variables demonstrated substantially skewed distribution.
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consider the skewed distribution of the time variables.

The comparisons would have been more appropriately

assessed with nonparametric analyses.

The present study also has several limitations. First,

because of Korea’s limited ethnic diversity, ethnic

influence could not be considered. Second, because

all of the orthognathic surgery patients were treated at

a single academic institution, it would be impossible to

verify or generalize the trends investigated at large.

However, it may be also true that, although academic

surgeons constitute a relatively small percentage of

oral and maxillofacial surgeons nationally, they may

perform a significant proportion of the total number of

orthognathic surgeries.11

CONCLUSION

� Results of the time-series analysis might provide

clinicians with some insights into current trends in

surgical and orthodontic management.
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