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correlated with experts' subjective evaluations were selected, their weights were de-
termined, and the critical values of satisfactory, acceptable and unacceptable grades
were screened. Subsequently, another sample of 72 cases were evaluated by another
36 orthodontic experts, and the subjective evaluation results were compared with the
objective measurement results.

Results: There were six model indicators and seven cephalometric indicators being
significantly correlated with the experts' subjective evaluations, including occlusal
contact, overjet, midline, interproximal contact, alignment, occlusal relationship, L1/
NB, ANB, SN/OP, U1/SN, LL-EP, Cm-Sn-UL and Ns-Prn-Pos, with a cumulative R? of
0.704. In the verification part, the correlation coefficient between the 36 experts'
subjective scores and objective regression scores was 0.716 (P <.001); the correlation
coefficient between the 36 experts' subjective grades and objective grades was 0.757
(P<.001).

Conclusions: Orthodontic experts had good consistency in the subjective evaluation
of the combined records of post-treatment study casts and lateral cephalograms. The

objective indicators selected from subjective and objective analysis had good reliabil-

KEYWORDS

1 | INTRODUCTION

The orthodontic field has been committed to exploring objective
assessment methods for orthodontic treatment outcomes since the
1960s, including the Peer Assessment Rating (PAR) index, American
Board of Orthodontics objective grading system (ABO-OGS), index
of complexity, outcome and need (ICON)'™ etc. The mode of es-
tablishing occlusal indices usually include three steps.3’6 The first
step is to establish the professional standard, which stems from the
subjective evaluation of orthodontic treatment outcomes by experi-
enced orthodontic experts, and the experts' subjective evaluations
need to pass the consistency test. Second, the objective indicators
and their weights should be agreed upon orthodontic experts or by
subjective and objective analysis. The third step is to determine the
critical value and clinical significance of each grade of objective mea-
surement results. After decades of research and verification, many
attempts have been made to develop methods for measuring dental
aesthetics and establish standards that represent socially acceptable
dental appearance.”1°

However, although these assessment methods serve their re-
spective purposes well, most of them ignored the evaluation of
profile harmony, which limits their application range. In addition,
the original intention of some indices was not for professional or-
thodontic evaluation, and the wide coverage of the judges' occu-
pations would affect the consistency of the subjective evaluation.
Furthermore, the statistical process for establishing these indices

is not sufficiently clear and lacks cross validation, and the methods

ity and validity and could further improve the existing occlusal indices.

expert consensus, objective indicators, orthodontic treatment outcomes, subjective evaluation

may be too strict to exhibit general improvements after treatment,
which is not conducive to simple clinical application.9 Therefore, the
purpose of this study was to explore and validate the consensus of
orthodontic experts on the assessment of post-treatment dental
aesthetic and profile harmony in orthodontic patients.

In orthodontic diagnosis and treatment, study casts (SC), lateral
cephalograms (LX) and facial photographs (PH) are all significant
clinical records.**'? In previous work, our research group conducted
a correlation analysis of experts' subjective evaluations of SC, LX
and PH records.®** It was found that the SC record was the most
significant predictive component in the evaluation of combined re-
cords, while the inclusion of LX and PH records also contributed to
a more comprehensive evaluation. Since PH records are difficult to
keep consistent and lack measurement calibration,ls'“’ thus in this
study, we intend to select the relevant items from SC and LX re-
cords as objective indicators to assess the orthodontic treatment

outcomes.

2 | MATERIALS AND METHODS
2.1 | Source of samples

The research samples were divided into two parts in this study. The
experimental sample was meant to explore an expert consensus, and
the validation sample was meant to validate the reliability and valid-

ity of the expert consensus.
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2.1.1 | Experimental sample

The experimental sample came from six major orthodontic treat-
ment centres in different parts of China, including the Peking
University School of Stomatology (PKUSS), the West China College of
Stomatology at Sichuan University, the School of Stomatology at the
Fourth Military Medical University, the Beijing Stomatological Hospital
and School of Stomatology at the Capital Medical University, the
Stomatological Hospital at Nanjing Medical University and the Hospital
of Stomatology at Wuhan University. A total of 2383 cases completed
from 2005 to 2008 were collected from the listed orthodontics depart-
ments. Using Angle's classification of molar relationship as stratification
factor, 18 cases (6 Class I, 6 Class Il and 6 Class Ill cases) were randomly
selected from each dental school for a total of 108 cases. 69 experts
were invited to judge the quality of orthodontic treatment outcomes of

the given cases according to the combined SC+LX records.

2.1.2 | Validation sample

The validation sample of 72 cases were also randomly selected with
Angle's classification of molar relationship as stratification factor,
ensuring 24 cases of each Angle's classification. The difference was
that the 72 validation samples consisted of 48 new cases and 24
overlapping cases. That was because the panel of 36 experts evalu-
ating the validation sample were different from the panel of 69 ex-
perts evaluating the experimental sample, so in order to determine
whether there was a difference in the two panels of experts’ subjec-
tive evaluations, 24 cases of 108 experimental sample were repeat-
edly included to form the final validation sample. The remaining 48
new cases were randomly selected from 1323 new cases which were
completed from 2014 to 2015 in PKUSS.

2.2 | |Inclusion criteria

All cases of experimental sample and validation sample possessed
complete clinical records, including charts, pre-treatment and post-
treatment SCs, LXs and PHs. For all LXs, there was a calibrating ruler
to ensure that the magnification of the X-ray films could be unified,
and the LXs were printed in a unified format using the rulers.

The final experimental sample had an age distribution from 10
to 27 years, and there were 30 males and 78 females. The final vali-
dation sample had an age distribution from 10 to 32years, and there
were 19 males and 53 females. All selected cases were of Han na-
tionality and free of craniofacial anomaly or syndrome. This study
was approved by the ethics committee of PKUSS, and all subjects
signed informed consent forms.

2.3 | Selection of experts

All invited experts participating in the exploration or verification
research came from different dental schools or hospitals within
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China. They all had received professional postgraduate training in
orthodontics or had the qualification of graduate tutor and had been
engaged in professional orthodontic clinical work for more than

10years, with an academic rank of associate professor or above.

2.4 | Subjective evaluation method
2.41 | Experimental sample

The 108 experimental cases were randomly divided into nine groups,
12 cases in each group with four cases of each Angle's classifica-
tion. The 12 cases in each group were ranked from the most satis-
factory to least by 69 experts according to the quality of treatment
outcomes of the combined SC+LX records. In order to simplify ex-
perimental operation and guarantee the consistency of evaluations,
the ranking process was divided into three steps: (a) 4 cases which
were most satisfactory from the 12 cases were selected and put into
‘good’ subgroup, then 4 cases which were least satisfactory were
selected and put into ‘poor’ subgroup and the remaining 4 cases
belonged to ‘medium’ subgroup; (b) the 4 cases in ‘good’, ‘medium’
and ‘poor’ subgroups were ranked from best to worst respectively;
(c) the cross-subgroup adjustment was allowed; for example, if the
treatment outcome of the fourth case of the ‘good’ subgroup was
worse than that of the first case of the ‘medium’ subgroup, the po-
sitions could be exchanged. After ranking, the 12 ranked cases in
each group were given a grading evaluation of satisfactory, accept-
able and unacceptable levels according to the quality of treatment
outcomes from best to least by 69 experts and scored as 1, 2 and 3
points, respectively.

2.4.2 | Validation sample

The same grouping mode was also applied to the 72 validation cases.
The ranking and grading method were the same as those in the eval-
uation of 108 experimental cases.

The consistency of experts' subjective evaluations would deter-
mine whether it could be used as the professional standard to screen
out relevant objective indicators that were significantly correlated
with experts' subjective evaluations of orthodontic treatment

outcomes.

2.5 | Objective measurement method
2.5.1 | Modelindicators

The PAR index and ABO-OGS were both applied for measurement
of the experimental and validation samples. The PAR index com-
prised of five indicators, including alignment, occlusal relationship,
overbite, overjet and midline. The ABO-OGS comprised of seven
indicators, including alignment, marginal ridge height, buccolin-
gual inclination, occlusal relationship, occlusal contact, overjet and
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interproximal contact. Six orthodontic postgraduates in PKUSS were
randomly divided into two groups and each group use one index to
measure the post-treatment SCs. Before starting the measurement,
the pilot study of examining measurers' reliability and validity were
conducted. Then, the agreement on the measurement standards of
all indicators was reached, and the calibration rules were listed.

2.5.2 | Cephalometric indicators

Before carrying out digital cephalometric measurements, three
orthodontic postgraduates in PKUSS all had completed the cepha-
lometry course, and the calibration rules of measuring 43 soft and
hard tissue identification indicators were listed. All measured linear
distances were corrected for the magnification using the calibrating
ruler. The mean value and standard deviation of all cephalometric
indicators referred to the research of Yu et al.}” The actual measured
value of all cephalometric indicators were standardized, that is Z-

score = |[(measured value - mean value)/standard deviation|.

2.6 | Statistical analysis

All statistical analyses were performed with SPSS software (version
20.0; SPSS). Intraclass correlation coefficients (ICCs) were computed
to evaluate the intraexaminer and interexaminer reliabilities of the
measurers. The Kendall's tau-c analysis were used to analyse rank
and grade variables. The Pearson correlation analysis and multiple
linear regression analysis were used to analyse the subjective and
objective relationship between grade variables and metric variables.
Receiver operating characteristic (ROC) curves were used to deter-

mine the critical values of satisfactory, acceptable and unacceptable

grades. The whole research scheme was present as the flow chart

below (Figure 1).

3 | RESULTS

3.1 | Consistency analysis of experts and
measurers of 108 experimental sample

According to the previous studies of our research group, the panel
of 69 orthodontic experts was moderately consistent in their evalu-
ation of the post-treatment SC+LX records.*® The ICCs among the
three measurement groups who measured the PAR index, ABO-OGS
and cephalometric indicators were 0.72, 0.74 and 0.97, respectively.

The ICCs of the measurers themselves ranged from 0.77 to 0.81.

3.2 | Selection of objective indicators

In this study, the experts' subjective evaluation scores of 108 ex-
perimental sample were analysed by Pearson correlation with five
indicators of the PAR index, seven indicators of ABO-OGS, and 43
cephalometric indicators, and the correlation coefficient and P value
of all objective indicators were shown below (Table 1). In regard to
the PAR index, the subjective evaluation showed a high correlation
with overjet and midline, an average correlation with alignment and
occlusal relationship, and no statistical correlation with overbite. In
regard to ABO-OGS, the subjective evaluation showed a high cor-
relation with occlusal contact, overjet, interproximal contact and
marginal ridge height, an average correlation with alignment and oc-
clusal relationship, and no statistical correlation with buccolingual

inclination. In regard to the cephalometric indicators, the hard tissue

| 24 overlapping samples |<—| 108 experimental samples | | 69 orthodontic experts |

+

! !

| 48 new samples | |

Objective indicators

| | Subjective evaluations |

|36 orthodontic expertsl | 72 validation samples |

l !

| Subjective evaluations | | The selected objective indicators |

Consistency

expert consensus on | <,
orthodontic i
treatment outcomes

verification of the P

The objective indicators
were selected and their
weights were
determined

Consistency
analysis of the
expert consensus on
orthodontic
treatment outcomes

The critical value of
satisfactory, acceptable
RN and unacceptable
- grades were screened

FIGURE 1 Flow chart of research scheme. (Purple). The exploration of expert consensus. (Blue) The verification of the reliability and

validity of the expert consensus

85U8017 SUOLIIOD BAE8ID 3|geotjdde aup Aq peusenob afe ssjoiLe O ‘@SN Jo SNl 1oy Areiqi8uljuO /8|1 UO (SUORIPUOD-PUB-SWB) W00 A8 | imAte1q Ut |uo//Sdny) SUORIPUOD pue swis 1 8y} 88s *[£202/70/c0] Uo ARiqiauluo Ae|im ‘Aisieaiun Buied Aq 0092T 100/TTTT 0T/I0p/Woo" A3 (1M Akelq 1 pul|uoy//Sdny wolj pepeojumod ‘Z ‘€202 ‘evE9T09T



CHEN ET AL.

indicators with a high correlation with the subjective evaluation
were L1/NB, L1/MP, ANB, AB/NP, L1-NB, NA/PA, SNB, SND, U1/
L1 and SN/OP; the indicators with an average correlation were FH/
OP, U1/SN, FH/NP, L1/AP, U1/NA and U1/PP, and the remaining 7
indicators had no statistical correlation with the subjective evalu-
ation. Among the soft tissue indicators, the indicators with a high
correlation with the subjective evaluation were LL/EP, LL/H, Stomi-
Mes and Z-angle; the indicators with an average correlation were
Cm-Sn-UL, Bs-B (FH), AsUL-FH, Ns-Prn-Pos, UL-EP, G'-Sn-Pos and
Sn-stoms; and the remaining 9 indicators had no statistical correla-
tion with the subjective evaluation.

By comparing the values of the correlation coefficients and con-
sidering the statistical collinearity and clinical significance, six model
indicators and seven cephalometric indicators significantly cor-
related with the experts' subjective evaluation was finally selected,
which were occlusal contact, overjet, midline, interproximal contact,
alignment, occlusal relationship, L1/NB, ANB, SN/OP, U1/SN, LL-EP,
Cm-Sn-UL and Ns-Prn-Pos.

3.3 | Determination of the weight of objective
indicators and the critical value of satisfactory,
acceptable and unacceptable grades

Multiple linear regression analysis was used to determine the weight
of the selected objective indicators. The dependent variable was
the experts' subjective evaluation scores of the combined post-
treatment SC+LX records, and the independent variables were the
13 objective indicators selected above, including occlusal contact,
overjet, midline, interproximal contact, alignment, occlusal relation-
ship, L1/NB, ANB, SN/OP, U1/SN, LL-EP, Cm-Sn-UL and Ns-Prn-Pos.
The results of multiple linear regression analysis between the ex-
perts' subjective evaluation and 13 objective indicators were shown
below, with a cumulative R? of 0.704 (Table 2). The relative weight of
each indicator was determined by comparing the standardized coef-
ficients. The SC record in the evaluation of treatment outcomes was
significantly greater than that of LX record, approximately twice that
of LX record.

The objective regression scores obtained from the objective
assessment criteria would not be able to explain the corresponding
clinical significance without threshold setting; then one purpose
of this study was to develop an objective assessment method with
clinical discriminative significance. Since the panel of 69 orthodon-
tic experts were moderately consistent in their evaluations, whose
Kendall coefficient of concordance for group ranking and grading
scores were 0.58 and 0.52 (P<.05),*% it is reasonable to consider the
grading evaluation results given by more than half of experts as the
final subjective grading results of the given case. Therefore, the prin-
ciples for determining the subjective critical values of satisfactory,
acceptable and unacceptable grades were as follows, the averaged
subjective grading scores of a case with more than half of experts
grading as satisfactory was taken as the critical value for distinguish-
ing between the satisfactory and acceptable grades, which was 1.57;
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and the averaged subjective grading scores of a case with more than
half of experts grading as acceptable was taken as the critical value
for distinguishing between the acceptable and unacceptable grades,
which was 2.42. Subsequently, the objective critical values of satis-
factory, acceptable and unacceptable grades with the highest diag-
nostic sensitivity, specificity and accuracy were screened by ROC
curve analysis and shown below (Table 3). The objective critical val-
ues of satisfactory/acceptable and acceptable/unacceptable were
1.56 and 2.41, respectively. Thus the treatment outcomes of cases
whose objective regression scores were lower than 1.56 were sat-
isfactory; those with objective regression scores between 1.56 and
2.41 were acceptable cases; those with objective regression scores

greater than 2.41 were unacceptable cases.

3.4 | Consistency analysis of experts and
measurers of 72 validation samples

The consistency of 36 experts' subjective evaluations for the 72
validation samples was above average. The Kendall coefficient of
concordance for group ranking and grading scores were 0.53 and
0.54 (P<.05), respectively. For the 24 overlapping cases, which were
selected from 108 experimental sample, the ICCs of consistency
analysis between two panels of experts ranged from 0.44 to 0.72.
The ICCs of the objective measurement of model and cephalometric
indicators were 0.81 and 0.97, respectively. The ICCs of the measur-

ers themselves ranged from 0.77 to 0.81.

3.5 | Verification of the expert consensus on the
assessment methods

Since the panel of 36 orthodontic experts were moderately consist-
ent in their evaluations, the averaged subjective evaluation of 36
experts for the 72 validation samples were taken as the professional
standard to verify the validity of 13 objective indicators selected
above and the validity of satisfactory/acceptable and acceptable/
unacceptable critical values determined above. The consistency be-
tween the average scores of 36 experts' subjective evaluation and
the objective regression scores was analysed by Pearson correla-
tion analysis, and the correlation coefficient was 0.716 (P<.001);
the consistency between the 36 experts' subjective grades and
objective grades was analysed by Kendall's tau-c analysis, and the
correlation coefficient was 0.757 (P<.001). The coincidence rate
of satisfactory/acceptable and acceptable/unacceptable cut-off of
regression equation by ROC curve analysis were 80.7% and 86.5%,
respectively.

4 | DISCUSSION

Previous studies have found that orthodontic experts with years
of clinical experience are able to provide the most authoritative
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TABLE 1 Pearson correlation between subjective evaluation scores and objective indicators
Cephalometric Cephalometric
indicators-hard indicators-soft
Model indicators Pearsonr P value tissue Pearsonr Pvalue tissue Pearsonr P value
PAR index L1/NB (°) 446 <.01 LL-EP (mm) 436 <.01
Overjet .504 <.001 L1/MP (°) .396 <.01 LL-H (mm) .340 <.01
Midline .390 <.001 ANB (°) .390 <.01 Stomi-Mes (mm) .298 <.01
Alignment .278 .004 AB/NP (°) .353 <.01 Z-angle (°) 264 <.01
Occlusal relationship 226 .018 L1-NB (mm) .336 <.01 Cm-Sn-UL (°) 245 <.05
Overbite .091 .350 NA/AP (°) .321 <.01 Bs-B (FH) (mm) .244 <.05
ABO-OGS SNB (°) .306 <.01 AsUL-FH (°) .235 <.05
Occlusal contact 641 <.001 SND (°) .300 <.01 Ns-Prn-Pos (°) 231 <.05
Overjet 429 <.001 U1/L1(°) .288 <.01 UL-EP (mm) 212 <.05
Interproximal contact 374 <.001 SN/OP (°) 271 <.01 G'-Sn-Pos (°) .208 <.05
Marginal ridge height .370 <.001 FH/OP (°) .234 <.05 Sn-Stoms (mm) .202 <.05
Alignment 311 .001 U1/SN (°) .230 <.05 Chin Thickness .160 .099
(mm)
Occlusal relationship .205 .034 FH/NP (°) 219 <.05 BsLL-FH (°) 149 124
Buccolingual .049 .613 L1/AP (°) .204 <.05 AsUL-BsLL (°) 143 139
inclination
U1/NA (°) .203 <.05 LL-Bs-Pos (°) 133 169
U1/PP (°) .201 <.05 Ns-N (FH) (mm) .047 .626
GoGn/SN (°) .185 .055 S-Ns-Sn (°) .044 .652
U1-NA (mm) 146 133 S-Ns-Bs (°) .034 729
Pg-NB (mm) 101 296 Sn-Prn (FH) (mm) .017 864
MP/FH (°) .068 485 Sn-A (FH) (mm) .010 916
Y-axis (°) .064 .508
SE (mm) .047 629
SNA (°) .036 712

standard in the evaluation of orthodontic treatment outcomes.>81?

In this study, orthodontic experts with at least 10years of orthodon-
tic experience were selected to assess the orthodontic treatment
outcomes in a qualitative manner. Since the reliability and validity
should be considered when evaluating the indicators of any indices,
the consistency of experts' subjective evaluation (reliability) and
consistency between experts' subjective evaluation and objective
measurement results (validity) need being paid most attention.

In this study, a subjective evaluation modality combining ranking
and grading was designed to guarantee the consistency of experts'
subjective evaluation. The previous subjective evaluation modality
mainly included grade scoring method and rank scoring method.?°
However, judges making grading evaluation tend to score at the me-
dium level and could not distinguish the subtle differences of vari-
ous complex cases, whereas ranking evaluation makes the results of
multiple cases approximate the normal distribution and reflect the
differences in more detail, but it may be difficult and cumbersome
for experts to rank the multiple cases at one time. In this study, the
whole sample was divided into several groups and every 12 cases
of each group were ranked first and then graded. Since the SC re-
cord evaluated in this study belonged to three-dimensional data,

whose dentition alignment and occlusal relationship should be ob-
served from three directions of horizontal, vertical and sagittal side,
it was difficult for experts to rank 12 cases at one time. Therefore,
the ranking method for every 12 cases included subgrouping, intra-
subgroup ranking and cross-subgroup adjusting, which was conve-
nient for experts to compare the subtle differences in the given cases
and avoided the difficulty of cumbersome ranking if there were too
many cases in each subgroup, or cumbersome subgroup-comparing
if there were too many subgroups. After group ranking, experts were
asked to provide satisfactory, acceptable and unacceptable grades
for the 12 cases of each group. By means of Kendall's tau-c analysis,
it was comforting to find that the panel of 69 orthodontic experts
were moderately consistent in their ranking and grading evaluations,
showing good reliability. Then the averaged experts' evaluation
could be taken as the professional standard.

Modern orthodontic treatment emphasizes not only the impor-
tance of dental aesthetic but also profile harmony after orthodon-
tic treatment.?! In addition to the positive evaluation of dentition
characteristics, the evaluation of profile harmony is also signifi-
cant, whose involvement will greatly affect the evaluation results.
For example, bimaxillary protrusion cases with and without teeth
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TABLE 2 Multiple linear regression

¥ —WlLEYﬂ

Unstandardized coefficients

between subjective evaluation scores and Standardized

objective indicators Variables B Standard error coefficients t value P value
Constant 0.921 0.105 8.766 0
Occlusal contact 0.056 0.010 0.399 5.416 0
Overjet 0.296 0.102 0.197 2.891 .005
Midline 0.241 0.115 0.135 2.086 .040
Interproximal contact  0.146 0.039 0.226 3.721 0
Alignment 0.035 0.013 0.157 2.621 .010
Occlusal relationship 0.035 0.013 0.166 2.758 .007
L1/NB 0.107 0.027 0.278 3.898 0
ANB 0.006 0.032 0.014 0.189 .851
SN/OP 0.007 0.035 0.012 0.203 .840
U1/SN 0.092 0.030 0.201 3.108 .002
LL-EP 0.033 0.033 0.065 1.006 .317
Cm-Sn-UL 0.032 0.050 0.039 0.642 .523
Ns-Prn-Pos 0.033 0.043 0.045 0.759 450

Iriz;fl tj, ag;zjrzcct;/\/:nfjuzsg’js :asi::(;tg/;/ Grading evaluation Cut-off Sensitivity Specificity Accuracy AUC

ROC curve analysis Satisfactory/acceptable 1.56 0.909 0.988 0.983 0.957
Acceptable/unacceptable  2.41 0.969 0.987 0.996 0.995

extractions were shown below (Figure 2). The study casts for these
cases show good dental alignment and occlusal relationship, thus
both of them would receive excellent results when using the PAR
index or ABO-OGS to evaluate the treatment outcomes. However,
after evaluating the profile harmony from lateral cephalograms, the
subjective assessment of the non-extraction case was poorer in
comparison to the extraction case (Table 4), due to the protrusion
of upper and lower lips, the proclination and protrusion of upper
and lower incisors and the disharmony of nose-lip-chin relation-
ship. Besides, a more comprehensive assessment method would
be more conducive to guide orthodontists in accurate record anal-
ysis and diagnostic design. Therefore, in addition to the PAR index
and ABO-0GS,??"%* an aesthetic evaluation of the profile harmony
was proposed in this study. The LX records were included in that
they covered a large number of morphological characteristics of the
bone, dentition and soft tissue and the cephalometric methods could
be standardized and quantified. The PH records were not included
because the evaluation of PHs could be affected by the sex, age,
skin colour and eye characteristics of patients, which were difficult
to quantify and control.

Evaluation of the validity of an index involves enquiring into
whether the index measures what it claims to measure.?>~?? Various
studies have confirmed the validity of objective measurement com-
ponents of the PAR index and ABO-0GS, %2223 thys the model
indicators of the PAR index and ABO-OGS were used to measure
the features of SC record in this study. Since the ICCs of intraex-
aminers and interexaminers were all above 0.7, the measurement

results of three times of objective indicators were averaged as the

final measurement results. Statistical analysis showed that objective
indicators such as occlusal contact, overjet, midline and interprox-
imal contact were highly correlated with the experts' evaluation.
Although the indicator of marginal ridge height in ABO-OGS showed
a high correlation with the experts' subjective evaluation, since its
high correlation with occlusal contact that was also high correlated
with the experts' subjective evaluation, it was not selected. By the
same token, although alignment and occlusal relationship were not
the most important indicators in the correlation analysis, they were
still selected because they could independently reflect information
that could not be represented by other indicators. With respect to
the LX record, since various anthropometric values have a certain
normal range and the greater the deviation from the normal range,
the more serious the deformity or the worse the curative effect, we
converted the cephalometric data into standard scores to quantify
the degree of deviation from normal. According to the correlation
analysis, the inclination and protrusion of the lower incisors, the
protrusion of the lower lip and the sagittal and vertical positional
relationships of the maxilla and mandible were the cephalometric
indicators of most concern for experts. Considering the statistical
collinearity and the profile characteristics represented by cepha-
lometric indicators, the indicators related to profile harmony were
selected, such as the inclination and protrusion of upper incisors,
the nasolabial coordination and mentolabial coordination, which was
consistent with a study by Oh et al.>° showing that profile angle, chin
prominence, lower lip prominence, Z-angle, NA/PA, MP/SN, ANB,
LL-E, L1/AP, B-line to lower lip and L1/MP were significantly cor-
related with the subjective evaluation. As a result, the 13 objective
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(A)

FIGURE 2 Bimaxillary protrusion cases with (A) and without (B) teeth extractions

TABLE 4 Subjective evaluation of the bimaxillary protrusion
cases with and without teeth extractions

Times of experts' grading evaluation

Case with teeth Case without
Grade extractions teeth extractions
Satisfactory 47 20
Acceptable 20 31
Unacceptable 2 18
Average score 1.35 1.97
Grade Satisfactory Acceptable

indicators of occlusal contact, overjet, midline, interproximal con-
tact, alignment, occlusal relationship, L1/NB, ANB, SN/OP, U1/SN,
LL-EP, Cm-Sn-UL and Ns-Prn-Pos were ultimately selected, and the

regression equation of the 13 objective indicators yielded a cumula-
tive R? of 0.704 in multiple linear regression analysis, showing great
validity. Simultaneously, the standardized coefficients of each indi-
cator in regression analysis were used to determine their weights in
the objective assessment. Although there were more cephalometric
indicators being included than model indicators, the weight of SC
record in the objective evaluation was greater than LX record, which
was consistent with the research conclusion of Song et al.*®

In the verification part of this study, the average evaluation
results of the combined post-treatment SC+LX records of the 24
overlapping cases by 36 experts were moderately correlated with
the average evaluation results of the 69 experts in the exploration
part, which implied that the two panels of experts were of a simi-
lar professional perception. In addition, the consistency of 36 ex-
perts' subjective evaluations of the validation sample was moderate,
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showing good reliability and that the average evaluation of the 36
experts could be taken as the professional standard. As a result, the
correlation coefficient between the average scores of 36 experts'
subjective evaluation and the objective regression scores was 0.716
(P<.001), showing the good consistency between subjective and
objective evaluation; the correlation coefficient between the 36
experts' subjective grade and objective grade was 0.757 (P<.001),
showing the good validity of the satisfactory/acceptable and accept-
able/unacceptable critical values. Thus, the expert consensus on the
assessment methods in this study can be used to qualitatively and
quantitatively measure the dental aesthetic and profile harmony and
represent a professionally acceptable appearance with satisfactory

discrimination.

5 | CONCLUSIONS

Orthodontic experts had good consistency in the subjective evalu-
ation of the combined records of post-treatment study casts and
lateral cephalograms. The objective indicators significantly cor-
related with experts' subjective evaluations were selected on the
basis of correlation analysis and regression analysis between sub-
jective and objective evaluation, with good reliability and validity.
The expert consensus on the assessment of orthodontic treatment
outcomes included six model indicators and seven cephalometric
indicators, thus could qualitatively and quantitatively measure the
dental aesthetic and profile harmony and further improve the ex-

isting occlusal indices.
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