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A better statistical method of predicting postsurgery soft tissue response in

Class II patients

Ho-Jin Leea; Hee-Yeon Suha; Yun-Sik Leea; Shin-Jae Leeb; Richard E. Donatellic; Calogero Dolced;
Timothy T. Wheelere

ABSTRACT
Objective: To propose a better statistical method of predicting postsurgery soft tissue response in
Class II patients.
Materials and Methods: The subjects comprise 80 patients who had undergone surgical
correction of severe Class II malocclusions. Using 228 predictor and 64 soft tissue response
variables, we applied two multivariate methods of forming prediction equations, the conventional
ordinary least squares (OLS) method and the partial least squares (PLS) method. After fitting the
equation, the bias and a mean absolute prediction error were calculated. To evaluate the predictive
performance of the prediction equations, a leave-one-out cross-validation method was used.
Results: The multivariate PLS method provided a significantly more accurate prediction than the
conventional OLS method.
Conclusion: The multivariate PLS method was more satisfactory than the OLS method in
accurately predicting the soft tissue profile change after surgical correction of severe Class II
malocclusions. (Angle Orthod. 2014;84:322–328.)
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INTRODUCTION

At present, several software systems allow clinicians
to manually manipulate digital representations of soft
tissue projections. However, manual predictions have
a limited application due to the relative complexity of
the soft and hard tissue relationships. Therefore, it is
upon precise mathematical definitions of hard and soft

tissue relationships that the development of computer-
aided forecasting must depend.

Computer programs attempting to predict soft tissue
changes after surgery have been greatly improved by
graphics and user interfaces. The algorithms for
software programs should be based upon and derived
from previous studies. Although the programs have
been updated, the prediction results are still far from
accurate.1–3 In addition, the underlying algorithms for
currently available commercial programs are all
unknown. Furthermore, there have been several
common problems in previous publications, such as
small sample sizes and incorporation of a limited
number of both predictor and response variables.3–5

Additionally, the prediction methods have been too
simple.3–6 A frequently used guide for soft tissue
simulation is still based simply on the 1-to-1 corre-
spondence ratio for a specific bone-to-soft tissue
change. However, the ratio between bone and soft
tissue changes varies extremely, lacks consistency
across studies, and is inaccurate from patient to
patient. For example, in relation to the forward
positioning of the mandible, considerable variation in
results has been reported for the proportional ad-
vancement of the lower lip.3 After mandibular ad-
vancement surgery, even without genioplasty, the
lower lip-incisor ratios ranged from 13% to 108% and
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from 71% to 127% for soft tissue Pogonion and hard
tissue Pogonion, respectively.2,7,8

When predicting soft tissue changes after surgery,
by including as many predictors (independent vari-
ables) as possible, the multiple-regression method has
been found to be significantly more accurate than a
simple proportional analysis or a simple regression
equation.3,9 However, regardless of the number of
independent variables incorporated, this typical mode
of analysis is unidirectional and univariate, including
only a single response (dependent) variable. This
technique has been referred to as the conventional
ordinary least squares (OLS) method. However, the
conventional OLS has a significant drawback in
predicting soft tissue response, because soft tissue
response is not simple. For example, a certain degree
of vertical skeletal repositioning induces anteroposte-
rior relocation as well, and vice versa. In addition, the
soft tissue response at a specific point is highly
dependent on its adjacent soft tissue response, and
its neighboring points are also dependent on each
other.1 Therefore, the location of adjacent response
points should also be taken into account when
applying a prediction method. A multivariate method
is an equation that calculates multiple responses and
considers the mutual relationship that may exist
among the multiple response variables. In this respect,
the multivariate approach, which involves multiple
predictors and multiple response variables simulta-
neously, is more appropriate when predicting a soft
tissue response.1

The partial least square (PLS) method developed in
chemometrics is a comparatively new way of con-
structing prediction equations. When the number of
predictor variables (p) far exceeds the number of
observations (n), the conventional OLS method is not
suitable for developing meaningful and robust re-
sults.1,10–13 Predicting soft tissue responses after
surgery requires consideration of a number of vari-
ables, including the patient’s age, sex, time after
surgery, preoperative skeletal characteristics, preex-
isting soft tissue thickness and position, amount of
surgical replacement at various skeletal landmarks,
direction of surgical replacement, and so forth. As the
PLS method becomes more established, its applica-
tion to various biologic disciplines is becoming increas-
ingly widespread, from bioinformatics and image
analysis to dentistry.1,14–16

The aim of the present study is to propose a better
statistical method of predicting postsurgery soft tissue
response in Class II patients. The null hypothesis is
that there is no difference in the soft tissue prediction
accuracy and validity produced between the PLS and
the conventional OLS methods.

MATERIALS AND METHODS

The institutional review board for the protection of
human subjects reviewed and approved the research
protocol (S-D20120019). The subjects consisted of 80
patients (59 women, average age of 24 years; and 21
men, average age of 24 years) who had undergone the
surgical correction of a severe Class II malocclusion.
From January 2001 through July 2012, the subjects were
treated at the Department of Orthodontics, and surgery
was performed at the Department of Oral and Maxillo-
facial Surgery, Seoul National University Dental Hospital.
All subjects are of Korean ethnicity. Subjects had a
mandibular surgery and/or a maxillary surgery. An
inclusion criterion was a nonsyndromic skeletal Class II
deformity. All patients were treated with fixed orthodontic
appliances before and after surgery. During the preop-
erative orthodontic treatment, the incisor teeth were
appropriately decompensated, and the arches were
coordinated and stabilized. Postoperative orthodontic
treatment was limited to completing the adjustment of the
occlusion, and minimal incisor movement was required.

Lateral cephalograms were taken before surgery
and after debonding for all patients. During imaging,
the patient held the teeth in occlusion with lips relaxed.
Preoperative lateral cephalograms were taken close to
the time of surgical intervention. To ensure resolving of
postoperative swelling, postoperative cephalograms
were taken at least 4 months (average 10 months)
after surgery. All cephalograms were traced by the first
author and measured by a custom digitizing program
with Microsoft Visual C# 2010 (Microsoft, Redmond,
Wash). With its origin at Sella, the vertical reference
was established perpendicular to Sella-Nasion +7u.
Uppercase letters were used to demarcate hard tissue
landmarks. Lowercase letters were used to indicate
the soft tissue landmarks (Figure 1).

A total of 228 predictor variables (X matrix) were
entered into the prediction equation. The predictor
variables included patient’s age, sex, time after
surgery, the direction and amount of facial asymmetry,
type of mandibular surgery, type of maxillary surgery,
existence of genioplasty, 78 presurgical skeletal
measurements, 64 presurgical soft tissue measure-
ments, and 78 variables with regard to the surgical
skeletal repositioning in both anteroposterior and
vertical directions. The 64 response variables (Y
matrix) comprised the soft tissue changes in the 32
soft tissue landmarks in both the x- and y-axes. This
study denoted boldface capital letters for matrices, eg,
X, a size 80(N)subjects 3 228(K)variables matrix of
predictor variables, and Y, a size 80(N)subjects 3

64(M)responses matrix of response variables; super-
scripts for transposed matrices, eg, XT; and boldface
small characters for vectors, eg, x and y.
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Two multivariate methods of forming prediction
equations, the conventional ordinary least squares
(OLS) method and the partial least squares (PLS)
method, were calculated using 228 predictor variables
and 64 response variables. The OLS method is the
traditional and conventional multivariate linear regres-
sion method using forward variable selection. The
prediction equation using the OLS solution can be
written as Y 5 XBOLS + E, where E is an N 3 M matrix
of residuals for Y, and BOLS is a K 3 M matrix solution
of least squares coefficients; BOLS 5 (XTX)21XTY by
multivariate Gauss-Markov theorem.17 The PLS pre-
diction equation may be written as Y 5 XBPLS + F,
where F is an N 3 M matrix of residuals for Y, and
BPLS is a K 3 M (size, 228 3 64) matrix of PLS
prediction coefficients. In the equation itself, the PLS
method resembles the stepwise OLS method, but, in
contrast to the latter, it is applicable even if the
variables are strongly intercorrelated (multicollinear)
and contain significant noise, even if the number of
variables is higher than the number of subjects. All
predictors are included in the final solution; no
variables have to be discarded, unlike in stepwise
OLS.

When developing a prediction method, typically, the
model is fit for part of the data (the training dataset),
and the quality of the fit is judged by how well it
predicts the other part of the data (the test set, also

called the validation dataset). To evaluate the predic-
tive performance of the prediction equations, the
leave-one-out cross-validation method was used. For
a more detailed algorithm for the validation method,
please refer to previous literature.13,18,19

After fitting the equation, the bias was calculated as
a mean difference. The difference between the actual
result and the predicted position was calculated by
subtracting the value for the predicted position from
the actual position, Yactual 2 Ypredicted. Furthermore,
the criterion of goodness-of-fit was defined as the
mean absolute error, |Yactual 2 Ypredicted|.

Language R (http://www.r-project.org/),20 which is a
free software environment for statistical computing,
was used. Detailed codes of the multivariate OLS,
modified PLS, and validation algorithm for use with
language R is available upon request to the authors.

RESULTS

Table 1 provides further details of the subjects. The
amount of surgical repositioning at point B was
comparable to the amount of overjet before surgery.
This may be due to the clinicians’ aim to produce
occlusions with normal overjet and overbite during
surgical-orthodontic treatment.

The derived prediction method was successfully
cross-validated. After fitting the prediction equations in

Figure 1. Diagram showing the reference planes and cephalometric landmarks used in this study. The image is composed of the preoperative

radiograph with the hard tissue landmarks. Soft tissue landmarks are on the follow-up cephalogram (red dots). Concerning the hard tissue

landmarks, uppercase letters were used; for the soft tissue landmarks, lowercase letters were used.
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the training dataset, errors (both bias and mean
absolute error) were determined to be trivial to none
by both the OLS and PLS methods (data not shown).

To concisely report results, eight soft tissue land-
marks were chosen among the 32 landmarks shown in
Figure 1. The results of the prediction errors after
applying the prediction equations in the test dataset
from the two methods are summarized in Table 2.
After applying the prediction equations in the test
dataset, the bias (the error with plus/minus sign) did
not show a significant difference between the two
methods. However, a comparison test between the
means of the predicted and the actual soft tissue
profile may not have been appropriate since underes-
timates and overestimates will cancel each other out,
showing no significant difference between the
means.1,21,22 Instead, as previously suggested,1,21

scattergrams and 95% confidence ellipses for several
soft tissue landmarks were constructed to compare the

error between the OLS and PLS methods (Figure 2).
The ellipsoid satisfies (z 2 m)TS21(z 2 m) # x2(a)2,
where z is the two-dimensional (2D; x and y
coordinates) vector for the error, m is the mean vector
for z, S21 is the inverse matrix of the covariance matrix,
and x2(a)2 is the upper 95th percentile of a chi-square
distribution with two degrees of freedom.17 The contour
of an ellipse indicates the 95% confidence boundary. A
negative value indicated the prediction was more
posterior in the x-axis or more superior in the y-axis
compared to the actual result. If any points are outside
the ellipse, they can be called outliers.22 The sizes of
the 95% confidence ellipses for the OLS method were
significantly larger than the ellipse for the PLS method.
This showed a superior predictive performance of the
PLS method over the OLS method (Figure 2).

Absolute prediction errors after applying the predic-
tion equation in the test sample showed significant
differences for all the soft tissue landmarks between
the two methods. The PLS method showed a
significantly more accurate and higher predictive
performance than the conventional OLS method in all
response variables (Table 2).

DISCUSSION

We explored the complex relationship between bone
and soft tissue responses by invoking an intricate
multivariate statistical analysis, the PLS method.
Unexplainable individual variations are inevitably al-
ways present. Therefore, it is unrealistic to expect
perfect predictions. Furthermore, responses after
surgery across individuals are not constant. Perfect
accuracy is not available in practicality, but some
methods are more accurate than others are. Ortho-
dontics has problems that conventional statistical
inferences cannot properly handle. Statistics is an
utmost essential tool in finding clinically significant
evidences for proper decision making procedures for
both clinicians and researchers. Most familiar statisti-
cal tests in orthodontics, such as the t-test, analysis of
variance, and regression analyses are all based on the
conventional OLS method. The OLS models basically
require the prerequisite condition of independence
between the predictor variables, as well as normality
and equality of variance among them. Orthodontics
includes the dentition, skeletal configuration, and soft
tissue responses. The relationships between teeth,
dentition, jaw bone, and soft tissue are so correlated
that a more sophisticated method that would be
capable of considering the correlation between vari-
ables simultaneously, rather than the ordinary OLS
testing method, is needed. There are a number of
factors to consider when predicting the soft tissue
response following orthognathic surgery, including the

Table 1. The Subjects’ Sex, Age, and Other Characteristicsa

Variables n Mean SD

Age, y

Female 59 24 5

Male 21 24 4

Time after surgery, mo 10 4

Type of maxillary surgery

None 15

Le Fort I 59

Anterior segmental osteotomy 6

Type of mandibular advance-

ment surgery

None 5

BSSRO 62

IVSRO 13

Genioplasty

No 11

Yes 69

Asymmetry, mm

Mandible shift to right 44

Mandible shift to left 23

None 13

ANB, u 8.1 2.6

Overjet before surgery, mm 7.5 2.4

Overbite before surgery, mm 2.9 3.0

Amount of surgical repositioning

at point A, mm

Anteroposterior repositioning 20.3 2.1

Vertical repositioning 21.7 3.3

Amount of surgical repositioning

at point B, mm

Anteroposterior repositioning 5.7 3.8

Vertical repositioning 20.7 4.7

a SD indicates standard deviation; BSSRO, bilateral sagittal split

ramus osteotomy; IVSRO, intraoral vertico-sagittal split ramus

osteotomy.
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amount of surgical skeletal movement anteroposteri-
orly, the amount of skeletal movement vertically, the
direction of the movement, the patient’s age, and the
patient’s gender. Since anteroposterior skeletal anat-
omy is significantly related to vertical repositioning and
vice versa, these highly correlated variables should be
considered before predicting soft tissue results. In this
respect, multivariate methods, such as the PLS
method, enjoy large popularity in a wide range of
fields in natural sciences. PLS is the preferred method
for constructing a prediction equation when the factors
are many and highly collinear or correlated. Applying
the PLS method is even possible when the sample size
is less than the number of variables.23,24

When applying the OLS method, if the number of
factors gets too large, it is likely to result in a model
with a prediction equation that fits the sampled data
perfectly, but will fail to predict new data well. In fact,
the OLS method demonstrated perfect accuracy when
applied to a training dataset from which the prediction
equation was formulated. However, when the predic-
tion equation was applied to a real test dataset, the
prediction error showed a significantly larger discrep-
ancy than the PLS method. To restate, the OLS
method was excellent when developing a prediction
equation, but poor when applied to the real subject.
This type of phenomenon is termed overfitting.13

Overfitting also occurred when we predicted the soft
tissue response of single-jaw mandibular setback
surgery for Class III patients.1 The same overfitting
occurred for the Class II surgery patients in this study.
The PLS method demonstrated significantly more

accurate predictions than the conventional OLS
method when applied to a real dataset through the
leave-one-out validation method (Table 2). This may
be because the OLS method assumes that all the
predictor variables are independent, which is not the
case, especially for the numerous dental and facial
variables in the X and Y matrices. In practice, this
condition of independence will never exactly be met.

Excluding or including an additional surgery, such as
a genioplasty or maxillary surgery, has a great impact
on the soft tissue profile changes. Therefore, in order
to develop an accurate prediction method, most
previous papers report ratios of only one specific
maxillofacial surgical procedure because the more
surgical procedures one adds, the more complex the
soft tissue prediction becomes. A surgery, such as a
maxillary surgery or a genioplasty, in addition to a
mandibular surgery, would be considered to be a
confounding variable that would interfere with an
accurate soft tissue prediction.2,25,26

Koreans have a relatively high prevalence of Class II
malocclusion, approximately one-fifth of Koreans,
20.3% among the general population.27 Over 36% of
patients seeking orthodontic care in Koreans are
Class II, and approximately 2.5% of those Class II
patients receive surgical orthodontic treatment.28 Our
study included both mandibular and maxillary surgery
patients, and, nonetheless, showed considerable
prediction accuracy. This prediction accuracy benefit-
ed from incorporating an increased number of skeletal
and soft tissue landmarks. This is still a 2D assess-
ment of three-dimensional (3D) structures and

Table 2. Comparison of Soft Tissue Prediction Errors Between Conventional Ordinary Least Squares (OLS) and Partial Least Squares (PLS)

Prediction Methods

Variable or Coordinate

Bias

P value

Mean Absolute Error

P valueOLS PLS OLS PLS

Horizontal (x value), mm

Pronasale 0.54 0.13 .5360 4.45 0.94 ,.001*

Subnasale 1.53 0.07 .2295 6.88 1.32 ,.001*

Upper lip 20.49 0.01 .7620 8.19 2.51 ,.001*

Lower lip 1.26 20.24 .2455 8.11 1.74 ,.001*

Soft tissue B point 20.15 20.15 .9971 8.82 2.47 ,.001*

Pogonion 21.16 0.01 .6011 12.68 3.16 ,.001*

Menton 21.71 0.53 .6409 29.37 9.72 ,.001*

R point 21.11 0.04 .7311 20.55 8.71 ,.001*

Vertical (y value), mm

Pronasale 22.65 20.01 .1153 7.10 1.05 ,.001*

Subnasale 21.36 0.01 .0775 4.05 0.90 ,.001*

Upper lip 24.49 0.00 .0406 12.72 2.64 ,.001*

Lower lip 23.07 0.24 .1430 13.34 3.52 ,.001*

Soft tissue B point 21.07 20.21 .6994 13.20 4.17 ,.001*

Pogonion 24.98 20.15 .2222 22.72 5.96 ,.001*

Menton 21.79 0.09 .4117 13.34 2.09 ,.001*

R point 23.65 0.29 .0822 14.75 5.05 ,.001*

* P , .001; result of paired t-test.
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responses to 3D treatment. However, cephalometry is
still a feasible standard for evaluating and predicting
outcomes in routine orthognathic surgery cases.29 In
the end, a 3D prediction model would be more useful
afterwards. We are establishing the foundation for the
3D prediction model. By establishing 2D prediction,
we will be able to expand easily into the 3D prediction
model. However, currently, there is no standardized
3D cephalometric reference system. When that is
established, we will be better able to formulate a 3D
prediction model.

CONCLUSIONS

N We conclude that the multivariate PLS method is
significantly more accurate than the conventional
OLS analysis in predicting the soft tissue change
after Class II orthognathic surgery.

N We also envision that, in the future, the resultant
prediction algorithm can be used to provide an
accurate surgical prediction for virtual planning and
soft tissue simulation of Class II orthognathic
surgeries.

Figure 2. Scattergrams and 95% confidence ellipses for the bias that were obtained from the OLS (blue) and PLS (red) prediction methods. The

plots clearly indicate that the bias in both the x- and y-axes was greater in the OLS than in the PLS methods. Application of the equations to

individuals may give rise to errors to this extent in 95% probability.
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