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Objective: utilizing OPAL™ cephalometric prediction software.

Design: A retrospective investigation involving the random selection of Class II orthognathic
patients from surgical records.

Subjects: These 25 cases had undergone treatment aimed at producing Class I incisors. This
involved fixed orthodontic appliances and a mandibular advancement osteotomy with rigid
internal fixation.

Methods: Lateral cephalographs from three key stages were digitized and processed using the
OPAL software. Pre-treatment predictions were generated and compared with the actual clin-
ical changes. 

Results: Prediction of some of the principal OPAL variables (SNA, ANB, LAFH%, OJ, OB)
was reasonably accurate in terms of mean values. However, there were large individual vari-
ations for most measurements, and prediction of Wits, MxP/MnP, LAFH, and LPFH was
prone to systematic error. In particular, there was a tendency towards over-prediction of the
surgically-induced backward mandibular rotation.

Conclusion: In lieu of further validation caution should be exercised with the interpretation of
individual OPAL predictions, especially vertical skeletal changes, and an explanation given to
patients that orthognathic predictions are based on generalizations.
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Introduction

The prediction of treatment outcome is an important
part of orthognathic planning and the process of
informed consent. The orthodontic and surgical changes
must be described accurately prior to treatment in order
to assess the treatment’s feasibility and optimize case
management. Nowadays a variety of computerized
analyses of lateral cephalographs are used to predict
treatment change in the antero-posterior and vertical
facial planes, e.g. Dentofacial Planner™,1–4 OPAL™,
Quick Ceph™,1,5–7 and TIOPS™.8–10 Since 1982, many
UK teams have used a prediction package called
COGSOFT™ (Consultant Orthodontists Group
Software).11 Recently, this has been updated and
released in a Microsoft Windows™ format as OPAL
(Orthognathic Prediction Analysis). This software
enables simulation of the effects of incisor decompen-
sation and surgical jaw movements, and illustrates these

changes in terms of quantitative values and a jaw/profile
silhouette (based on established hard-soft tissue ratios).
However, whilst the OPAL software is widely used there
is only limited literature available on its validity12 or on
the computerized prediction of skeletal changes in
general.3,5,7,8–10 Instead, the relevant orthognathic litera-
ture has focused on the analysis of soft tissue/profile
prediction errors (from the perspective of visual treat-
ment objectives and patient counselling) and surgical
accuracy.13 The few hard tissue prediction studies have
had a number of limitations, including the use of hetero-
geneous samples (in terms of malocclusions types or
surgical procedures) and small case numbers.3,5,7,8–10 In
addition, there has not been a thorough evaluation of
the pre-treatment prediction stage. Consequently, this
study aimed to assess the accuracy of the OPAL ortho-
gnathic prediction process in the calculation of the total
treatment hard tissue and dental changes.
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Material and methods

Data collection

All adult Class II surgical cases were identified retro-
spectively from operating theatre records at York District
Hospital. Each patient was assigned a number and a
random sample of 25 cases was then selected from this
cohort according to the following criteria:

1. Surgery was performed between 1990 and 1999 to
allow for an appropriate follow-up time.

2. Clinical management, including treatment planning,
had been carried out by a combined team of two
orthodontists and two surgeons, where the agreed
objective was a Class I incisor relationship. No delib-
erate surgical over-correction was performed.

3. Treatment must have involved orthodontic fixed
appliances combined with a bilateral sagittal split
mandibular advancement osteotomy and internal fix-
ation. Cases involving bimaxillary osteotomies or any
additional surgical procedures were excluded.

4. Sufficient clinical and radiographic records had to be
available and additional selection criteria were that
the cephalographs had been taken at a standardized
magnification, with the head in its natural head
posture, the mandible in the retruded position, and
the labial soft tissues at rest. The pre-treatment, pre-
surgery, and 1-year post-surgery lateral cephalo-
graphs were utilized in this study.

Each lateral cephalograph was digitized directly using a
backlight-illuminated platform and a digitizing pad.
Twenty-three radiographic landmarks were identified
and digitized, along with the continuous (stream mode)
tracing of five soft and hard tissue outlines. All of these
tracings were undertaken by one operator (RC) and the
radiographs for each individual were digitized serially in
order to minimize random error variance, as recom-
mended by Houston.14 The data were processed using
the OPAL software. Significantly, the standard OPAL
analysis utilizes values based on the Eastman Analysis,15

which is widely used by UK orthodontists. Twelve
specific linear and angular dental and skeletal measure-
ments were identified as being most relevant for this
study: SNA, SNB, ANB, MxP/MnP, LAFH%, LAFH,
LPFH, OJ, OB, U1/MxP, L1/MnP, and Wits.16 These
were calculated and rounded to the nearest 0.1 mm/
degree.

Method error study

Twenty-five cephalographs were randomly selected and
retraced at least 1 month after the original recordings.
As recommended by Houston14 and Battagel,17 the
method error was assessed for error variance using
Dahlberg’s formula: mean square error (SE2) � �d2/2n
(where d is the difference between repeated measure-
ments and n is the number of radiographs recorded). A
repeated measures t-test was also performed to assess
systematic error.

Cephalometric analysis

Each individual’s cephalometric tracings were super-
imposed to evaluate the actual changes that occurred
during the treatment period. The OPAL software was
used to generate a pre-treatment prediction of the ortho-
dontic and surgical treatment, where the incisor inclina-
tions were normalized (according to Eastman values)
and the mandible advanced to produce a Class I incisor
relationship. Predicted changes were calculated as the
differences between the prediction analysis and baseline
measurements. This prediction was then compared to
the actual post-treatment measurements, and the differ-
ences analysed in terms of data distribution and by a
paired t-test.

Results

Study sample details

The mean pre-treatment cephalometric values of this
sample (Table 1) confirm that it was representative of
patients with mandibular retrognathia undergoing ortho-
dontic treatment combined with mandibular advance-
ment surgery. The sample was homogenous in terms of
the initial Class II skeletal discrepancy despite the inclu-
sion of both division 1 and 2 cases. The influence of these
initial incisor inclinations was also negated by reliance
on relative changes as opposed to absolute values. At 
the end of treatment all of the mean angular values
approximated standard Class I values (Table 1). Surgery
increased the mean values for LAFH, LAFH%, and
MxP/MnP by 2.9 mm, 1.1% and 4.1 degrees respectively,
but the LPFH mean reduced by 3.8 mm.

Method error study

Students’ t-tests of the repeated measures showed a
systematic error in only one variable: L1/MnP (t � 3.48,



JO June 2003 Scientific Section Computerized Orthognathic Predictions 151

P � 0.01, df � 24). Dahlberg’s values demonstrated that
random error for angular measurements ranged from
0.27 to 1.21 degrees for SNB and L1/MnP respectively.
Similarly, linear measurement random errors ranged
from 0.18 mm for the OJ to 0.65 mm for LPFH. Since
some measurements, especially L1/MnP, U1/MxP and
MxP/MnP, were susceptible to error caution has been
exercised in extrapolating from the data where the dif-
ferences were less than 0.5 unit. This arbitrary level was
suggested following a meta-analysis of cephalometric
errors.18

Comparison of the predicted and actual cephalometric
changes

Five out of the 12 OPAL measurements (SNA, ANB,
LAFH%, OJ and OB) displayed small mean differences
(less than 0.5 unit) between the predicted and actual
values (Table 2). The SNA, LAFH%, OJ, and OB results
also showed reasonable consistency with narrow data
distributions. Conversely, the largest mean discrepancy
was observed for the Wits variable (5.9 mm) and three
other variables had clinically relevant differences: MxP/
MnP, LAFH and LPFH. Paired t-tests also revealed
statistically significant differences (P � 0.05) for the
Wits, LAFH and LAFH% values, and LPFH had
marginal significance (P � 0.06). However, interpreta-
tion of these apparent prediction errors is complicated
by the occurrence of residual vertical facial growth in
many cases during the treatment period. In reality, the
LAFH increased and LPFH reduced between the pre-
and post-treatment stages (Table 1), but OPAL under-

predicted these changes. This was associated with a clinic-
ally significant systematic error in MxP/MnP. This value
was over-predicted by a mean of 1.9 degrees, although
this result was not statistically significant. MxP/MnP
and four other variables (LPFH, Wits, L1/MnP and
U1/Man) also had high standard deviations and wide
confidence intervals.

Discussion

There was little mean difference between the actual and
predicted values for five of the 12 OPAL cephalometric
measurements (SNA, ANB, LAFH%, OJ and OB) and
the differences were not statistically significant for nine
values (Table 2). SNA, LAFH%, OJ and OB also
exhibited small standard deviations, although the differ-
ence in LAFH% was statistically significant (P � 0.03).
These findings are comparable to those of Eales et al.,12

where OPAL’s precursor, COGSOFT (3.4)TM, was
utilized in the prediction of soft tissue changes. Simi-
larly, a study of 16 mandibular advancement cases 
concluded that Quick Ceph prediction tracings were
generally similar to the post-operative appearance and
that computerized prediction of skeletal change is more
accurate than the manual tracing technique.6 Com-
parable findings were also observed in a recent study of
Quick Ceph Image ProTM software in 28 heterogeneous
cases.7 These authors found statistically insignificant
differences in 10 out of 14 measurements and concluded
that the mean differences in the other four variables
(ANB, FMA, U1/Max, Wits) were not clinically signifi-
cant. However, many orthodontists may arguably view

Table 1 Cephalometric data for the study sample before and after combined treatment.

Variable Pre–treatment 1 Year post–treatment Mean post–op Mean total 

Mean –95% CI �95% CI SD Mean –95% CI �95% CI SD
change* change

SNA 80.7 79.3 82.1 3.4 80.4 78.8 82.0 3.9 –0.3 –0.3
SNB 73.9 72.4 75.4 3.6 76.5 74.8 78.2 4.2 2.7 2.6
ANB 6.8 6.2 7.5 1.6 3.9 3.1 4.7 1.9 –2.9 –3.0
MxP/MnP 23.8 21.0 26.7 6.9 27.9 24.8 31.0 7.5 4.1 4.1
LAFH% 53.4 52.3 54.5 2.7 55.2 54.1 56.3 2.6 1.1 1.8
LAFH 58.1 56.1 60.2 4.9 63.8 61.4 66.1 5.6 2.9 5.7
LPFH 42.4 40.0 44.8 5.8 40.5 37.7 43.3 6.8 –3.8 –1.8
Wits 5.9 4.6 7.1 3.0 2.1 1.3 3.0 2.1 –4.7 –3.7
OJ 10.2 8.9 11.4 3.0 3.1 2.7 3.4 0.8 –6.0 –7.1
OB 4.8 3.7 6.0 2.8 2.2 1.7 2.8 1.3 –1.5 –2.6
U1/MxP 111.1 107.1 115.2 9.8 109.0 105.6 112.4 8.3 –3.0 –2.1
L1/MnP 92.9 89.4 96.4 8.4 91.4 88.4 94.4 7.2 –3.2 –1.4

*Where the post-operative change compares the pre-operative and long-term values.
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the mean differences in these variables (e.g. 1.5 degrees
in ANB) as being clinically important given the small
treatment changes involved. Interestingly, in both the
present and this Quick Ceph Image Pro study, the most
pronounced differences between the predicted and
actual hard tissue changes occurred in the Wits measure-
ments. This is unsurprising given that the Wits value
involves determination of the functional occlusal plane,
which in turn relies on the accurate identification of six
landmarks. As such, whilst the Wits analysis16 may be
valid for diagnosis, clearly it is not reliable for ortho-
gnathic planning usage.

Assessment of TIOPS (Total Interactive Orthodontic
Planning System) software in several consecutive studies
also led to the observation that there were no statistically
significant mean differences between the predictions and
post-operative results.8,9,10 Initially, the authors con-
cluded that the surgical results were ‘acceptably predict-
able’ and, in common with other studies,6,7,12 they failed
to discuss the large variability evident in their results.8

Subsequently, when large standard deviations were
noted in a study of 40 consecutive cases it was opined 
that the errors occurred during the model surgery and
surgical stages rather than the prediction process per se.9

An analysis of Dentofacial Planner pre-surgical pre-
dictions in mandibular setback cases revealed systematic
errors in the OJ, mandibular angle and LAFH, but the
distribution of the predicted versus actual differences
was not discussed.3 The relatively large standard vari-
ations evident with both Dentofacial Planner and Quick
Ceph was noted in a study of 28 cases, but this investi-
gated soft tissues only.1 The authors concluded that
there was ‘generally good accuracy in the overall sample

but with marked variability in the prediction consist-
ency’. This comparative study of Dentofacial Planner
and Quick Ceph also found evidence of wide variations
in the accuracy of specific (soft tissue) landmark pre-
dictions.1 Interestingly, these errors appeared to be
related to the reproducibility/prediction of specific land-
marks rather than any discernible difference between the
two software packages. These wide sample variations
are similar to that observed here with OPAL predic-
tions, especially where MxP/MnP, LPFH, Wits, L1/
MnP, and U1/Man exhibited large standard deviations
and confidence intervals (Table 2). These wide individ-
ual deviations tended to be camouflaged by a regression
to the mean. As such, it should not be assumed that
individual patients will follow the mean pattern of small
differences between their predicted and actual values,
especially for vertical skeletal and incisor inclination
measurements. In reality, it is very difficult to determine
how much of the discrepancy between a predicted and
actual result is due to inaccuracies in one or more of 
the following preparatory and surgical stages: landmark
identification, digitizing, cephalometric software manip-
ulation, transfer of movements from the prediction to
articulated models, model surgery, surgical technique,
and early settling/relapse. It is also worth remembering
that predictions are two-dimensional representations of
3D features.

Aside from significant individual variability, system-
atic prediction error was seen in several measurements:
MxP/MnP, LAFH and LPFH, with the differences in
the latter two being statistically significant. As the man-
dible was advanced it underwent a backward rotation
(Table 1), but this increase in the MxP/MnP was 

Table 2 Relative differences between the pre-treatment OPAL prediction and the cephalometric changes associated
with the treatment period

Variable Mean –95% CI �95% CI Min Max SD t value P value

SNA 0.35 –0.18 0.88 –1.4 3.9 1.29 1.36 0.19
SNB 0.61 –0.30 1.53 –4.5 4.4 2.22 1.38 0.18
ANB –0.24 –1.20 0.71 –4 5.2 2.32 –0.53 0.60
MxP/MnP 1.91 –1.07 4.90 –10.5 13.1 7.23 1.32 0.20
LAFH% –0.45 –0.85 –0.04 –2.4 2.2 0.98 –5.19 0.00
LAFH –2.51 –3.51 –1.51 –8.7 1.4 2.42 –2.29 0.03
LPFH –2.22 –4.54 0.09 –12.4 7.3 5.60 –1.99 0.06
Wits –5.89 –6.97 –4.81 –11.3 –0.8 2.62 –11.25 0.00
OJ –0.28 –0.72 0.15 –3.5 1.2 1.05 –1.36 0.19
OB –0.34 –0.95 0.26 –3.9 2.2 1.47 –1.17 0.25
U1/MxP 1.05 –2.42 4.51 –17 23 8.39 0.62 0.54
L1/MnP 0.82 –2.11 3.75 –15.5 13 7.10 0.58 0.57



over-estimated by the pre-treatment OPAL prediction
(Table 2). This is consistent with the subjective obser-
vation of an exaggerated mandibular plane angle on
individual prediction tracings and may be associated
with closure of molar open bites by the OPAL software.
Conversely, when TIOPS was tested in nine mandibular
advancement cases an under-prediction in the MxP/
MnP increase was observed.10 A Dentofacial Planner
study of 18 mandibular setbacks also revealed a mean
under-prediction of the MxP/MnP increase by at least 3
degrees, although the source of this discrepancy was not
evaluated.3 The relatively greater inaccuracy of vertical
change has also been noted in soft tissue analyses.19 It is
likely that these discrepancies in mandibular height and
inclination may be due to inaccuracies in simulation of
the mandibular rotational effects and angle remodelling,
especially given the alteration in gonion landmark
identification. 

Finally, it would be interesting to assess the correla-
tion between the amount of orthodontic/skeletal changes
and prediction accuracy, but the sample size here was
insufficient for robust statistical analysis. Previously,
Aharon et al.1 found ‘a linear relationship between the
prediction error and the surgical change’ for the majority
of soft tissues landmarks, i.e. the greater the surgical
movement the greater the prediction error. Indeed, in
some cases the error exceeded the actual change
observed. Unfortunately, their sample size of 28 cases
prevented any further analysis of this relationship.
Similarly, analysis of soft tissue changes in 25 cases of
mandibular advancement showed a correlation between
the magnitude of movement and error.4

Conclusions

1. On average, pre-treatment OPAL predictions were
accurate for many values, especially SNA, ANB,
LAFH%, OJ and OB. However, wide individual
variations occurred between the actual and predicted
changes for many variables, and the Wits measure-
ment was clearly inaccurate.

2. Systematic error occurred in the prediction of MxP/
MnP, LPFH and LAFH changes, such that the pre-
diction over-estimated the amount of surgically
induced backward mandibular rotation.
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