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Computerized dynamic occlusal analysis
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system and the ABO objective grading system
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Abstract

Objectives This study was conducted to detect the overall performance of both static and dynamic occlusion in
post-orthodontic patients using quantified methods, and to ascertain the correlation between the two states of
occlusion.

Materials and methods A total of 112 consecutive patients evaluated by ABO-OGS were included in this study.
Based on the pre-treatment Angle’s classification of the malocclusion, samples were divided into four groups. After
removing orthodontic appliances, each patients underwent the American Board of Orthodontic objective grading
system (ABO-OGS) and T-Scan evaluations. All the scores were compared within these groups. Statistical evaluation
included reliability tests, multivariate ANOVA, and correlation analyses (p < 0.05 was considered significant).

Results The mean ABO-OGS score was satisfactory and did not differ by Angle classifications. The indices making
substantial contributions to ABO-OGS were occlusal contacts, occlusal relationships, overjet, and alignment.
Disocclusion time in post-orthodontic patients was longer than normal. Occlusion time, disocclusion time, and force
distribution during dynamic motions were considerably influenced by static ABO-OGS measurements, especially
occlusal contacts, buccolingual inclination, and alignment.

Conclusion Post-orthodontic cases that passed the static evaluation of clinicians and ABO-OGS may nevertheless
be left with dental casts interference in dynamic motions. Both static and dynamic occlusion should be extensively
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evaluated before ending orthodontic treatment. Further research is needed on dynamic occlusal guidelines and

standards.
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Introduction

Orthodontic treatment aims to establish an ideal or nor-
mal tooth alignment, functional occlusion, aesthetic
appearance, and stability. The function of the masticatory
system is determined in large part by dental occlusion.
And an ideal occlusion is comprised of both static occlu-
sion and dynamic occlusion to help achieve treatment
goals.

Static occlusion is characterized as the alignment
of teeth and the static morphological relationship of
the upper and lower dentition during inertial occlu-
sion. Since the 1970s, several static standards have been
proposed to evaluate the outcome of orthodontic [1],
including Angle’s standard occlusion, six keys to normal
occlusion by Andrews, the PAR index, the ICON [2, 3]
and others. However, the result of the same case can dif-
fer dramatically depending on the examiner’s perspec-
tive and expertise. The American Board of Orthodontics
introduced the Objective Grading System (ABO-OGS) in
1994 with an attempt to offer more neutral and reliable
clinical [4]. While the severity of discordant was assessed
and recorded by assigning different scores to eight cat-
egories of orthodontic cases, the reliability of different
examinees was enhanced by using the same specific mea-
suring gauge (Fig. 1b), and objective grading guidance.
Seven categories including alignment, marginal ridges,
buccolingual inclination, occlusal relationships, occlusal
contacts, overjet, and interproximal contacts were mea-
sured and scored on dental casts of completed patients.
Root angulation was assessed through radiographs. All
of the indicators were examined and scored using objec-
tive, valid, and repeatable scoring procedures that elimi-
nate subjective influence in scoring to the best extent [5].
ABO-OGS is a fundamental part of the American Board
of Orthodontic clinical examination and is currently rec-
ognized as the standard index for orthodontic case [6].

Occlusal contact does not just refer to static occlusion,
it also includes dynamic occlusion. The goal of dynamic
occlusion evaluation is to see if and where early contact,
atypical contacting points, and occlusion interference
occur during mandibular dynamic motions. Articulating
paper, foils, wax films, silicone rubber and study models
are all common clinical procedures for examining aber-
rant occlusal [7]. These approaches, however, are unable
to virtually recreate the complex dynamic motions of
mandible. The composition of the materials utilized, such
as articulating paper and wax, can be quickly altered by
the oral environment, such as saliva and [8]. The opera-
tion of clinicians and the incorrect subjective interpreta-
tion of articulating paper marks left on teeth surfaces can
cause false results in dynamic occlusion assessment. The
dentists were only 12.8% of the time correction for pick-
ing high and low force contact areas by visual inspection
of marks left on the teeth, according to Kerstein et [9].
Therefore, these procedures were insufficiently objective
and repeatable.

The T-Scan technology has been developed since the
1980s and may provide a more accurate and objective
assessment with the help of [10]. By computer analysis of
information obtained from a flexible pressure-sensitive
film (Fig. 2b), the T-Scan system was designed to inves-
tigate and record the time-varying changes of occlusal
contacts during mandibular [11]. The T-Scan system was
the first system to review the variation of occlusal con-
tacts over time. On the computer, the period of tooth
contact and separation can be recorded, evaluated, and
presented intuitively. If there is interference with the
teeth’s closure pathway, the mandible must avoid aber-
rant contact locations along the journey from the first
contact to its final secure position of tooth. As a result,
it took longer to get from the first point of contact to the
intercuspation position. Meanwhile, interferences in the

Fig. 1 The analysis of static model on full adjustment articulator (PROTAR evo7, Kavo, German) (a). The uniform measuring gauge of the ABO-OGS system
(b). This portion of the gauge was used to measure discrepancies in alignment, overjet, occlusal contacts, interproximal contacts, and occlusal relation-
ships. Itisin T mm increments and the width of the gauge is 0.5 mm (c). The measurement of occlusal contact on the labial side using the specific gauge
(d). The ABO measurement tool used was purchased from the ABO official website: AmericanBoardOrtho.com. The manufacturer information of the
measuring tape is: Bender Support, Bender.Inc, Fenton, USA
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Fig. 2 The T-Scan 10 recording hardware components include the Novus recording handle (a) and the high-definition specific sensor thin film (b). T-
Scan recorded force and timing data of movements and could offer playback for further analysis and diagnosis. The distribution of force for each tooth is

presented on the dental arch-shaped graphic (c)

trajectory of the mandibular marginal movements such
as excursion and protrusion can prolong the time taken
for teeth to separate. Variations in tooth contacts over
time can thus represent occlusal movement abnormali-
ties. Occlusal separation time was a common metric for
evaluating occlusal [12]. The T-Scan can also reveal the
occlusal force distribution, the existence of aberrant force
concentrating zones, and much more. The accuracy and
reproducibility of the approach have been verified by sev-
eral investigations, hence clinical practitioners have rec-
ognized it as valid and useful for investigating dynamic
[11, 13].

In Andrews’ opinion, achieving an excellent result in
static occlusion was likely to lead to the achievement of
functional occlusal [14]. An acceptable/good appearance
of teeth alignment does not always imply a ‘perfect’ func-
tional occlusion, according to studies in post-orthodontic
[15, 16]. It was discovered in a study using the T-Scan
system that some patients who achieved orthodontic
treatment with normal arch morphology had a higher
risk of occlusal interference during functional move-
ments than patients with natural normal occlusion, or
without significant improvement compared to their pre-
treatment [17], though the alignment had already been
corrected. Much of the attention on orthodontic treat-
ment has concentrated on achieving static appearance
goals. However, less attention has been given to dynamic
motion. Disorders in dynamic function have been veri-
fied related to unnecessary tooth wear, future temporo-
mandibular joint disorders (TMDs), myofascial pain and
relapse, etc. Orthodontic treatment can have a significant
impact on the static occlusal contact relationship as well
as on dynamic movement. Therefore, it is necessary to
evaluate the completion quality of cases through quan-
titative indicators for both static and dynamic occlusion,
as opposed to subjective judgment to determine whether
the criteria of orthodontic treatment have been [18].

Meanwhile, the correlation between the items of static
occlusion and dynamic occlusion remain undetermined.
It was still unclear how the static category affects the
dynamic function.

Herein, this study was proposed to quantify the two
occlusion states in a group of patients who had completed
orthodontic treatment, as well as to analyze the internal
association between the static and dynamic occlusion
using the selected parameters. Efforts have been made in
this study to evaluate the viability of two scoring systems
and emphasize the necessity of examinations for both
static and dynamic occlusion for clinical practice.

Materials and methods

Participants

The study was approved by the Ethics Committee of the
Chinese PLA General Hospital (PLAGH). Before begin-
ning, each patient was given both oral and written infor-
mation, and all subjects signed the consents. The study
was performed in accordance with the ethical standards
as laid down in the 1964 Declaration of Helsinki and its
later amendments or comparable ethical standards.

Initial imaging and a detailed clinical examination were
performed to identify subjects who met the following cri-
teria: (1) treatment with the two-arch fixed orthodontic
appliance without extractions or auxiliary appliances;
(2) normal tooth alignment that meets the clinical cri-
teria for treatment completion assessed by orthodontic
experts; (3) natural permanent dentition without missing
teeth except third molars; (4) no large restorations on the
occlusal surfaces of posterior teeth nor dental implants;
(5) normal skeletal relationship measured in sagittal, ver-
tical and transverse dimensions.

Patients with (1) an overall ABO-OGS score over 27,
(2) previous experience of orthodontic treatment, (3) a
severe skeletal deformity (ANB<-6° or ANB>6°, protru-
sion or recession of maxillary/mandibular bone greater
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Table 1 Demographic data of subjects

Characteristics Data
Number (n, %) 112(100%)
Age (Mean+SD years) 25.68+4.70
Treatment duration (months) 20.39+252
Gender (n, %)

Female 64(57.1%)
Male 48(42.9%)
Molar Relationship Classification (n, %)

Angle | 35(37.8%)
Angle Il 44(39.3%)
Angle Il 31 (27.7%)
Angle II? 13 (11.6%)
Angle lll 33(29.5%)

than 3 mm), (4) severely worn dentition, and (5) symp-
toms related to temporomandibular joint disorders or
severe periodontal disease were excluded from this study.

A total of 112 consecutively treated patients by the
same experienced orthodontic clinician at PLAGH were
included in this study, consisting of 64 females (57.1%)
and 48 males (42.9%). The demographic characteristics
of the samples are described in Table 1. Based on the
pre-treatment Angle’s classification of the malocclusion,
samples were divided into 4 groups: the Angle I group,
the Angle IT' group, the Angle II* group (combined as the
Angle II group), and the Angle III group.

ABO scoring

According to the standards of the objective grading sys-
tem of the American Board of Orthodontics (ABO-OGS),
the points of discrepancies of each tooth were scored
from O to 2 points in each category and summed up for
an overall score to represent the quality of the case. Large
divergence from the norm indicated more points of item,
showing its poor performance. ABO criteria were met if
the patients’ overall score of 8 categories is less than 20.
Cases with a score of 20—-30 were considered to have the
potential of passing the board. If the case receives more
than 30 points, it is considered unacceptable. The cutoff
score is lower if root angulation is not taken into account.
In research determining how well the OGS measured the
complete quality of adult patients excluding assessment
of radiographs, the cutoff score was 27 [19]. Dental casts
and occlusal records were taken as soon as the orthodon-
tic appliances were removed. To replicate the virtual
occlusal condition of patients, a facebow (ARCUS, Kavo,
Germany) record was acquired and transferred to a full
adjustment articulator (PROTAR evo7, Kavo, Germany).
All dental models derived from patients were measured
and scored using the ABO-OGS (Revised in 2012) and
the specific ABO measuring gauge (Fig. 1). In the mean-
while, the cutoff score is 27 in this study. The score for
each item was measured 3 times by the same examiner
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and averaged. All ABO-OGS indices were measured by
the same physician who had taken the professional train-
ing courses provided by the American Board of Ortho-
dontics and with adequate experience.

T-Scan examination

The examination was finished on the same visit as the
removal of orthodontic appliances. All subjects were
taught the required mandibular motions before the
examination, including centric occlusion, protrusion, and
lateral excursions. Patients were instructed to practice
the movements until they could be performed fluently,
and the examination began after a 10-minute break. The
mesiodistal width of the maxillary teeth was measured by
a digital vernier caliper (Mitutoyo, Kanagawa, Japan) and
imported into the T-Scan system (version 10, Tekscan,
Inc., Norwood, MA, USA) for an individual dental arch
dimension. Patients were instructed to sit upright while
the Frankfort-Horizontal plane was parallel to the ground
during the examination. To reduce measurement errors,
each movement was measured three times, and a five-
minute break was allowed between each type of move-
ment to avoid muscle and joint fatigue. Patients were
seated in standard position and the position of the sen-
sor remains unchanged in each examination. Variables of
the T-Scan system are described in Table 2. A T-Scan dis-
play screen presenting the distribution of occlusal force
is shown in Fig. 2 (Fig. 2c). All T-Scan examinations were
performed strictly under instructions and supervision of
the same physician.

Statistical analysis

Data analyses were performed by SPSS version 23.0 for
windows (SPSS Inc, Chicago, IL, USA). The means, stan-
dard deviations (SD), and ranges of each item were cal-
culated using standard descriptive statistics. Because
ABO-OGS scores are discontinuous grading numbers,
non-parametric tests such as Kruskal-Wallis were used to
compare differences between groups. After the normality
test, the T-Scan system results conformed to the normal
distribution, so they were tested using one-way ANOVA
tests, followed by a posthoc analysis using the least signif-
icant difference (LSD) test to compare the differences of
the same item between different groups. The Spearman
test was also applied to analyze the correlation between
ABO-OGS parameters and T-Scan variables. The statisti-
cal significance level was set at p<0.05.

Reliability test

From the total of 112 subjects, 20 were selected at ran-
dom for a re-examination of the same index by the
same examiner after 2 weeks. The Wilcoxon signed-
rank test was utilized to assess the reproducibility of
T-Scan results, and the random error of ABO-OGS
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Table 2 Definition and Descriptive data of the T-Scan Variables
Mean SD Min Max
0211 0079 0060 0410

Variables Definition

QT (s)

Occlusion time at
maximum intercuspal
position (MICP)
Disocclusion time at left  0.821
excursion movement

DT-L (s) 0320 0200 1460

DT-R (s) Disocclusion time 0784 0326 0290 1.760
at right excursion
movement

DT-P (s) 0666 0283 0.240

Disocclusion time at 1430

protrusion movement
Ratio of force distribution (percentage, %)

DOF-A (%)  Force distribution of 2745 1188 954 53.02
incisors and ca-
nines at maximum
intercuspation
Force distribution
of premolars and
molars at maximum

intercuspation

DOF-P (%) 5742 1667 2130 8410

Force distribution of 4769 840 3300 73.00

Left maxillary region
Force distribution of
Right maxillary region
Asymmetry index of
occlusal force, AOF
AOF= (Force of left side-
Force of right side)/Total
forcex100%
Maximum occlusal force 77.17
at MICP
Area (mm?) Area of occlusal contact
surface at MICP

DOF-L (%)

DOF-R (%) 5231 840 2700 67.00

AOF (%) -1.35 11.01 -2697 152

Force (kg) 2924 2660  140.01

96.11 15420 495.89

Table 3 Reliability test of the ABO-OGS and T-Scan results

Category Ran- Category Z P Ran-
dom value dom
Error Error
ABO-OGS scores 0281 OT -0.951 0.128  0.021
Alignment 0926 DI-L -1470 0265  0.047
Marginal Ridges 0.727 DT-R -1.254 0.108  0.037
Buccolingual 0444 DT-P -1.301 0332  0.049
Inclination
Overjet 1.192  DOF-A -1.113 0393  0.041
Occlusal Contact 0.944  DOF-P -0.215 0.856  0.060
Occlusal 0438 DOF-Left  -0924 0960  0.027
Relationship
Interproximal 0.032 DOF-Right -0.851 0443  0.028
Contact AOF -1.070 0.261 0.014
Force -0.954 0238  7.908
Area -0.403 0549 8267

measurements and T-Scan variables was calculated using
Dahlberg’s formula: Se = 227‘1]2 , where d represents the
difference between the two measured values and n repre-
sents the number of subjects.
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Results

Based on the results of the reliability tests, neither the
ABO-OGS score nor the T-Scan variables exhibited any
systematic error (Table 3). The level of random error
during the model measurements was within an accept-
able range and did not have a significant impact on the
accuracy of the analysis of the experimental results or the
derivation of the study conclusions.

The total ABO-OGS score and other score components
did not differ significantly between patient classifica-
tions (Fig. 3). Therefore, the Angle II' group and Angle I1*
group were combined as the Angle II group for the dis-
cussion of static characters. The categories of static mor-
phology contributing most to the ABO-OGS score were
ranked as follows: occlusal contacts (26.20%)>occlusal
relationships  (16.17%) >overjet  (15.05%)>alignment
(14.53%) >buccolingual inclination (14.12%)>marginal
ridges (10.80%) >interproximal contacts (3.28%). Using a
single sample t-test, the average ABO-OGS total score of
19.54%+4.82 does not differ significantly from the cut-off
value of 21 (p=0.023, 95%CI=-2.531- -0.197).

The overall mean value of overall ABO-OGS score
was ranked as follows: Angle I (18.47+4.54)<Angle
II (19.90+5.11)<Angle III (20.50%4.73), p>0.05. The
majority of Angle I samples (77.1%) scored below 21,
while 22.9% scored between 21 and 27. In the Angle II
classification, 47.7% of the participants scored between
21 and 27, 53.3% scored below 21, and 25.0% scored
below 16. In the Angle III classification, half scored
between 21 and 27, 50% scored less than 21, and 25%
scored less than 16 (Fig. 4). In total, 59% of the sample
received a score below 21.

OT of all post-orthodontic patients in this study was
0.211+0.079s (Table 2). Using the single sample t-test,
there was no significant difference between OT=0.2s
in normal occlusion and the overall mean in this study
(p=0.323, 95%CI=-0.011-0.032). DT-L, DT-R, and
DT-P were substantially longer than the mean value
of DT=0.5s in normal occlusion (p<0.01, 95%CI for
DT-L=0.235-0.407, 95%Cl for DT-R=0.089-0.242,
95%CI for DT-P=0.195-0.372). DOF-R was larger than
DOF-L using the pairwise t-test (p=0.046).

The differences between groups of T-Scan system
results were determined by one-way ANOVA test and
followed by the post hoc analysis by least significant
difference (LSD) test (Fig. 5). OT of Angle III patients
was observed significantly longer than OT of Angle
I patients (p=0.008). DOF-A of the Angle III group
was found significantly larger than the Angle II* group
(p=0.005). DOF-P of the Angle II* group was larger than
the Angle II' group (p=0.011) and the Angle I group
(p=0.013). Area of occlusal contact of Angle I was found
to be larger than Angle IT' (p=0.013). According to the
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Fig. 3 The score for each category and the overall ABO-OGS score. There was no significant difference in the score of static variables between different
Angle classifications. The contributions of various categories of static morphology to the ABO-OGS score were ranked as follows: occlusal contacts > oc-
clusal relationships > overjet > alignment > buccolingual inclination > marginal ridges > interproximal contacts

pairwise t-test, DOF-R was significantly larger than
DOFEF-L (p=0.046).

Spearman correlation analysis was applied to further
determine the correlation between static and dynamic
occlusal variables (Fig. 6). OT, DT, DOF-A, DOE-P, force,
and contact area are T-Scan variables that are highly cor-
related with ABO-OGS indices. There was a significant
positive correlation between overall ABO-OGS score
and OT (r=0.742, p<0.01), as well as DT-R (r=0.456,
p<0.01). Same results were also seen between align-
ment and OT(r=0.370, p<0.01), between marginal ridges
and OT (r=0.483, p<0.01), DOF-A (r=0.298, p=0.027),
between buccolingual inclination and OT (r=0.472,
p<0.01), between overjet and DT-P (r=0.300, p=0.026),
DOEF-P(p=0.033), between occlusal contacts and DT-L
(r=0.271,p=0.045), DT-R (r=0.442, p<0.01), DT-P
(r=0.270, p=0.047), and between interproximal contacts
and force (r=0.334, p=0.013). Nevertheless, a negative
correlation was found between alignment and force (r=-
0.274, p=0.043), between overjet and DOF-A (r=0.499,
p<0.01), and between occlusal contacts and contact area
(r=-0.652, p<0.01).

Discussion

Through the results of the current study, it was found
that passing the clinical examination and the evaluation
of static casts does not equate to dynamic function per-
fection. Prolonged DT was detected in the post-orth-
odontic patients, indicating there is drag and friction
present in excursions on many posterior teeth, as the DT
measures the sum of all molar and premolar, working
and balancing excursive contact durations. Differences
in the occlusal contact area and force distribution in MIP
were identified in patients of different Angle classifica-
tions. Internal correlations were found between dynamic
motions and static indices. Occlusion time, disocclu-
sion time, and distribution of force in dynamic motions
were considerably influenced by static performance, par-
ticularly occlusal contacts, buccolingual inclination, and
alignment of teeth.

The samples included were from patients with differ-
ent horizontal and vertical bone facial type and is not a
completely homogeneous sample; therefore, the con-
clusions obtained from this study are representative for
post-orthodontic patients with different classifications.
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Fig. 4 Composition of overall ABO-OGS in patients with different Angle classifications. The majority of Angle | samples (77.1%) scored below 21, while
22.9% scored between 21 and 27. In the Angle Il classification, 47.7% of the participants scored between 21 and 27, 53.3% scored below 21, and 25.0%
scored below 16. In the Angle Il classification, half scored between 21 and 27, 50% scored less than 21, and 25% scored less than 16

In this study, all subjects were trained beforehand to
guarantee that they had learned the necessary mandibu-
lar motions before T-Scan data was collected. To ensure
the precision and the dependability of the research find-
ings, the systematic error and random error of outcomes
were measured. Both ABO-OGS scores and T-Scan items
demonstrated adequate repeatability.

The ABO-OGS is a valid and reliable index that is appli-
cable worldwide. ABO has established detailed guidelines
and a standardized tool or scoring instances under vari-
ous circumstances. For individuals with varied molar and
incisor relationships, for instance, scores of occlusal rela-
tionships are determined based on a distinct reference
position, given the fact that they all show an acceptable
relationship between the positions of the upper and lower
arches. As an evaluation criterion, ABO-OGS represents

the static morphology of cases recognized by physicians
and their probability of meeting the requirements. This
grading system is more straightforward and less suscep-
tible to human involvement, which could be influenced
by artificial weighting or subjective prejudice of examin-
ers. The evaluation of the ABO-OGS is congruent with
the clinician’s criteria in determining whether orthodon-
tic treatment is successful or not.

All of the samples included in this study were assessed
by orthodontic doctors to have achieved normal or
optimal tooth morphology and function and met the
criteria for completion of orthodontic treatment. The
traditional view holds that Angle Class I malocclu-
sions appear to have an advantage in achieving passing
ABO-OGS [20]. In this study, the overall mean value
was ranked as follows: Angle I<Angle II<Angle III,
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Fig. 5 Differences in dynamic occlusion indices that differed in different Angle classifications tested by LSD. (a) The OT of Angle Ill patients was signifi-
cantly longer than the OT of Angle | patients (p=0.008). (b) The area of occlusal contact of Angle | patients was found to be larger than Angle Il patients
(p=0.013). (c) DOF-A of the Angle lll group was found significantly larger than the Angle 1 group (p=0.005). (d) DOF-P of the Angle I group was larger

than the Angle II' group (p=0.011) and the Angle | group (p=0.013)

whereas no statistically significant differences were iden-
tified between pretreatment Angle classifications. It was
inferred that patients with different classifications have
the same probability of passing ABO-OGS evaluation
after orthodontic treatment. The objectivity of ABO-
OGS as a universal quality evaluation system was further
verified. In a regional study validating the ABO-OGS sys-
tem for assessing Chinese patients, a satisfactory treat-
ment outcome was defined as 16 points or less, scores of
16-21 were less satisfactory but still acceptable and cases
scoring more than 21 were considered as [21]. Compar-
ing the overall case qualification to regional standard
cases in this study, this cutoff value of 21 was met.

The composition of the ABO-OGS scores may include
occlusal contacts, overjet, occlusal relationships, and

alignment account for the greatest proportion of points.
As predicted by previous studies, occlusal contacts
appeared to be the category where ABO-OGS certifica-
tion cases received the highest [20]. When analyzing the
static morphology and inter-arch relationship of post-
orthodontic cases, the performance of the occlusal con-
tacts and occlusal relationship is of crucial importance.
Consistent with the opinions of Chaison et al., in their
study of adult orthodontic patients evaluated by ABO-
OGS, the primary factor that influences the quality of a
completed case as determined by professionals is whether
adequate intercuspation is [19]. Conversely, these items
received the highest scores among the seven items, sug-
gesting that clinical practitioners might lack control over
these items. Though the settling during the retention
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Fig. 6 Heatmap of spearman correlation between T-Scan and ABO-OGS variables. The X-axis represents the static occlusal index, and the Y-axis repre-
sents the dynamic occlusal index. As shown above, the correlation between dynamic and static indices was presented by the colored dots. The color of
the dot represents the correlation coefficient, and the value was shown by a gradient color band. The p-value is represented by the diameter of the dot.
The larger the p value is, the smaller the diameter of the bubble is. The statistical significance level was set at p <0.05. The depth of the color indicates the
magnitude of the correlation value, which corresponds to the correlation color column on the right side of the heat map. According to the heat map, OT
of occlusal contact time, DT of occlusal separation time, DOF-A of anterior teeth, DOF-P of posterior teeth, TOF of bite force and Area of occlusal contact
were T-Scan variables with significant correlation with ABO-OGS index

period might increase occlusal contact, this procedure in closing the excess space, which was relatively the easi-
is fraught with uncertainty and companies by tooth [22, est part of orthodontic treatment to control.

23]. Interproximal contacts had the lowest score, indicat- Through decades of research, the T-Scan system has
ing that the majority of orthodontic cases performed well ~ been regarded as a trustworthy approach for measuring
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mandibular [13]. OT values less than 0.2s are consid-
ered normal, while DT values less than 0.5s are consid-
ered normal. Time spent more than the normal value is
considered an indicator of early contacts in the central
occlusion or occlusal interference during lateral excur-
sions and protrusions. In this study the OT of the Angle
I group was smaller than the Angle III group, revealing
that Angle I patients were more likely to obtain a smooth
central occlusion without interference through orth-
odontic treatment than Angle III patients. Consistent
with the results of [13], the increase of DT in post-orth-
odontic patients in this study was observed compared to
the overall mean value in normal occlusion from recog-
nized studies.

All cases were valued before tearing down the appli-
ances and succeeded in the chair-side functional exam-
ination using articulating paper or foils—the most
commonly-used materials in clinical practice. There still
exists minor interference in the trajectories of mandibu-
lar movements which failed to be detected. The sensi-
tivity and reliability of traditional methods rely on the
thickness and elasticity of the occlusion-checking mate-
rials; nevertheless, the result can be easily impacted by
the oral environment and the interpretation of clinician.
Sutter observed that the subjective interpretation of
occlusal paper impression resulted by dentists had a cor-
rect rate of 13.13%, which was even lower than the ran-
domly computed correct rate of 16.7% [24]. This omitted
imperfection of occlusion may not interfere with the
overall clinical assessment or cast measurements. How-
ever, those minor interference might potentially lead to
unnecessary wear of teeth, tooth sensitivity, TMDs, myo-
fascial pain, pathological tooth mobility, relapse, [25,
26]. The prolonging of OT and DT had been confirmed
as an indicator of [27, 28]. According to some research,
post-orthodontic patients harboring “normal occlu-
sion” had a higher prevalence of TMDs than those with
natural normal occlusion or untreated minor [27]. This
was attributed to the high probability of the existence of
occlusal interference in the posterior teeth area in post-
orthodontic occlusions. Nevertheless, occlusal interfer-
ence in the posterior region is difficult to detect due to
visual field restriction or moisture on the occlusal sur-
face. With the aid of the T-Scan system whose sensitivity
is 0.003s, obstructions in the movement trajectory can be
easily detected from the front and rear. The T-Scan tech-
nology is advantageous throughout both the evaluation
and therapy [13]. T-Scan-assisted occlusion adjustment
that reduces DT may significantly relieve the myofascial
syndrome including muscle pain and [29-31]. Before
deciding to remove the orthodontic device, it is highly
recommended that a thorough analysis of the functional
mandibular movements is performed using the T-Scan
system.
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Angel classifications might have an impact on occlu-
sal contact after orthodontic treatment. Al-Rayes et al.
found that the occlusal contact area of Angle II* patients
was smaller than normal subjects, with no significant
difference, while Angle I patients had the highest num-
ber of occlusal contacts compared to other malocclusion
[32]. This study depicted that the occlusal contact area of
Angle I patients was significantly greater than Angle I1?
patients. It is logical to expect that the relative recession
of the mandibular molar position is the reduction in the
contacting area between the maxillary and mandibular
arches.

The variation of force and contact area is large among
individuals. Consequently, comparing the absolute value
between individuals might be misleading. Instead, the
concentration should be on indicators with fewer individ-
ual variations, such as the distribution of occlusal force
(DOF), the asymmetry index of occlusal force (AOF),
masticatory efficiency, etc. Through the DOF indicated
by T-Scan, it was determined that whether the occlusal
force distribution is in equilibrium and where exces-
sive force concentrations exist. In this study, DOF-A of
the Angle III group was larger than the Angle II* group,
and DOF-P of the Angle II* group was larger than Angle
III and Angle I groups. The occlusal force was mainly
concentrated in the posterior region in centric occlu-
sion ranging from 21.3 to 84.1%. Orthodontic treatment
might increase the frictional contacts in the posterior
[27]. According to the study of Qadeer, the force distribu-
tion in the posterior region in post-orthodontic patients
was 89.42% and was significantly larger than 77.57% in
non-orthodontic [33]. The force distribution of the right
maxillary region was statistically larger than on the left
side. According to the study supported by Yamada et al.,
the dominant occlusal force side in normal occlusion
people using the T-Scan system was the right side, while
the asymmetry index was 9.2% [34], which was com-
patible with the findings. Makino et al. concluded that
orthodontic treatment could improve the distribution of
occlusal forces, making them more balanced and increas-
ing the occlusal contact area, resulting in a better align-
ment of teeth with neuro-muscle function more [35].

In this study, the occlusal contact area was found to be
negatively related to the score of occlusal contacts. As the
adequacy of the contact between premolars and molars
decreases, the area of contact decreases accordingly. The
value of occlusal force was not directly related to the
Angle classifications in normal vertical skeletal patterns
but was determined by different individuals. Correlations
were found between force and alignment, suggesting that
the coordination of teeth alignment may influence the
occlusal force applied.

Appropriate cusp inclination, sufficient cusp height,
and an adequate occlusal contact area together guarantee
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reasonable masticatory function. The sequential occlu-
sal separation of the anterior and posterior teeth dur-
ing lateral movement is a prerequisite for a stable and
uninterrupted occlusal movement. The smoothness of
the dynamic mandibular trajectory is highly associated
with the static morphology indices and is able to change
accordingly. Abnormalities in the static occlusion can be
reflected in the smoothness of the dynamic movements.
Sierpinska et al. found that occlusal surface morpholo-
gies of premolars may have a direct impact on occlu-
sion [36]. In this study, a positive correlation was found
between OT and ABO-OGS score, alignment, marginal
ridges, and buccolingual inclination. The results showed
that as the scores of ABO-OGS, alignment, marginal
ridges, and buccolingual inclination increased, the eval-
uation of static occlusion became worse and the occlu-
sion time increased accordingly, further indicating the
smoothness of dynamic occlusion was interfered with by
these characters. It was suggested that the time required
from the first tooth contact to the maximum intercus-
pal occlusion in post-orthodontic patients was positively
correlated with the neatness of static tooth alignment,
the consistency of marginal ridge height, and the cor-
rect buccolingual inclination of the maxillary and man-
dibular posterior teeth. There was a positive correlation
between the disocclusion time of teeth during mandibu-
lar protrusions and excursions and occlusal contacts. As
the score of occlusal contacts increased, the adequacy
of occlusal contact of posterior teeth became worse and
the separation time of the non-working side teeth in
lateral mandibular excursion movements or the poste-
rior teeth as the mandible move forward became longer.
This represented that when there was a deviation in the
working-side/non-working-side tooth cusp-fossa rela-
tionship, resulting in offset or obstruction in the path
when the mandibular teeth slide along the cusp bevel, the
time required for the non-working-side teeth to detach
from contact was prolonged. Orthodontic treatment was
related to the increase of frictional contacts in the non-
working side and posterior region. Meanwhile, DT-P
and DOF-P had a positive correlation and DOF-A had a
negative relation with overjet. The increase in the score
for overjet indicated the distance between the upper and
lower canines and incisors increased. Therefore, as the
score of overjet increased, the force distribution of ante-
rior teeth decreased and the time taken for the mandibu-
lar protrusion along the guidance of the lingual surface of
maxillary canines and incisors prolonged. The increase in
the distribution of the posterior region might be due to
the decrease in the anterior supporting.

The higher score of variables on the ABO-OGS may
be indicative of poor occlusal contact performance. The
aberrant contact observed in static models may result
in a longer path for the mandible during protrusions,
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interference during lateral excursions, and early con-
tact during intercuspal occlusion. The T-Scan system
detects tiny aberrations in dynamic motions by identi-
fying longer duration for dynamic motions, anomalous
force distributions, and relative contact areas. This study
confirmed that a “successful” static occlusion does not
equate to dynamic function perfection. Though the over-
all performance of the case may still pass the evaluation
both on the dental chair and on the cast after treatment,
prospective repercussions must be addressed. Significant
correlations were found between the static categories and
dynamic variables. Occlusal interference was detected by
the T-Scan system in cases whose scores of occlusal con-
tacts, overjet, and alignment were relatively high. It was
confirmed that the greater the quality of the orthodon-
tic finished occlusion, the better the occlusal status at the
post-retention [37]. Therefore, clinicians should pay extra
attention to these items and whether the dynamic occlu-
sion has been compromised when these categories score
abnormally.

The morphology and function of the oral system con-
sist of multiple components that are mutually restricted
and coordinated. Through the unfavorable occlusal con-
tacts reported in this study, guidelines and standards
for appropriate dynamic occlusion should be addressed.
The current study did not examine the functions of TMJ.
Acknowledging this limitation, we intend to investi-
gate optimal occlusion standards for post-orthodon-
tic patients, which may accomplish not only aesthetic
appearance but also interference-free function. Smooth
occlusion refers to the static smoothness of teeth align-
ment, ridges, relationships, curves and the fluidity of
dynamic movements. More reasonable variables should
be added to the evaluation of post-orthodontic occlusion,
including the occlusion and separation time of teeth,
teeth contact pattern during movement, the trajectory
of the mandible, the discrepancies between intercuspal
position, and central relation position. Standardization
of orthodontic assessment criteria facilitates further
development of the discipline. Moreover, the develop-
ment of digital technology might bring a digital flow for
orthodontic treatment, including CBCT, 3D casts, vir-
tual articulators, computerized axiography, [37, 38]. The
application of multi-modal fusion in the evaluation of
oral morphology and function is also of promising poten-
tial in the diagnosis and treatment of the orthodontic
field.

Conclusions

This study indeed confirmed the validity and accuracy
of the ABO-OGS and the T-Scan system as two occlusal
assessment modalities. The two approaches are consid-
ered available to objectively and quantitatively evaluate
the quality of post-orthodontic patients in both static and
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kinetic dimensions. However, passing the clinical exami-
nation and the evaluation of static casts does not equate
to dynamic function perfection. Internal correlations
were found between dynamic motions and static indices.
Occlusion time, disocclusion time, and distribution of
force in dynamic motions were considerably influenced
by static performance, particularly occlusal contacts, buc-
colingual inclination, and alignment of teeth. Therefore,
both static and dynamic occlusion should be extensively
evaluated before the removal of the orthodontic appli-
ances. It is recommended that guidelines and standards
for appropriate dynamic occlusion evaluation should be
explored in the future.

Acknowledgements
Not applicable.

Author Contributions

MW, Y.L, J.F, and H.F. contributed to the conception and design of the study,
MW, XJ, ZZ, LL, XM, XJ. collected and collated the data, MW.,, Z.Z,, Y.L.
contributed to the writing and revision of the manuscript. All authors read and
approved the final manuscript.

Funding

This study was funded by Clinical Research Support Fund (No. 2018FC-

304 M-TSYS-05), Capital Clinical characteristic application research and
achievement promotion project (No. Z171100001017154), PLA General
Hospital transformation project (No. 2017TM-030), Capital’s Funds for Health
Improvement and Research (No. CFH2020-2-5021), Exploration project

to improve the quality of standardized training for resident Doctors in

2022, Health Care Project in 2022 (No. 22JSZ13), Haidian Frontier Project

of Beijing Natural Science Foundation (No. L212067), Key Military Medical
Projects (No. BLB20J001), National Natural Science Foundation of China (No.
82151312), Capital clinical diagnosis and treatment technology research and
transformation application project (No. Z201100005520060), and Open Project
of state key laboratory of military stomatology (No. 2019KA01).

Data Availability

The data set supporting the conclusions of this article are included within the
article. Further data sets are available from the corresponding author upon
reasonable request.

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. The study was approved by
the Chinese PLA General Hospital Ethics Committee before starting the study.
Informed consent was obtained from all participants included in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Medical School of Chinese PLA, Beijing, People’s Republic of China
2Depar‘[ment of Stomatology, the Fourth Medical Centre, Chinese PLA
General Hospital, No.51 Fucheng Road, 100048 Beijing, China

Received: 19 November 2022 / Accepted: 8 March 2023
Published online: 22 May 2023

Page 12 of 13

References

1. Pickering EA, Vig P. The occlusal index used to assess orthodontic treatment.
BrJ Orthod. 1975;2(1):47-51.

2. TrivinoT, Siqueira DF, Andrews WA. Evaluation of distances between the
mandibular teeth and the alveolar process in Brazilians with normal occlu-
sion. American journal of orthodontics and dentofacial orthopedics: official
publication of the American Association of Orthodontists, its constituent societies,
and the American Board of Orthodontics 2010, 137(3):308 e301-304; discussion
308-309.

3. Andrews LF. The six keys to normal occlusion. Am J Orthod.
1972,62(3):296-309.

4. Casko JS, Vaden JL, Kokich VG, Damone J, James RD, Cangialosi TJ, Riolo ML,
Owens SE Jr, Bills ED. Objective grading system for dental casts and pan-
oramic radiographs. American Board of Orthodontics. Am J Orthod Dentofac
orthopedics: official publication Am Association Orthodontists its constituent
Soc Am Board Orthod. 1998;114(5):589-99.

5. Lieber WS, Carlson SK, Baumrind S, Poulton DR. Clinical use of the
ABO-Scoring index: reliability and subtraction frequency. Angle Orthod.
2003;73(5):556-64.

6. Jain M, Varghese J, Mascarenhas R, Mogra S, Shetty S, Dhakar N. Assessment
of clinical outcomes of Roth and MBT bracket prescription using the Ameri-
can Board of Orthodontics Objective Grading System. Contemp Clin Dent.
2013;4(3):307-12.

7. BozhkovaT, Musurlieva N, Slavchev D, Dimitrova M, Rimalovska S. Occlusal
Indicators Used in Dental Practice: A Survey Study. BioMed research interna-
tional 2021,2021:2177385.

8. Brizuela-Velasco A, Alvarez-Arenal A, Ellakuria-Echevarria J, del Rio-Highsmith
J, Santamaria-Arrieta G, Martin-Blanco N. Influence of Articulating Paper
Thickness on Occlusal Contacts Registration: a preliminary Report. Int J
Prosthodont. 2015;28(4):360-2.

9. Kerstein RB, Radke J. Clinician accuracy when subjectively interpreting
articulating paper markings. Cranio: the journal of craniomandibular practice.
2014;32(1):13-23.

10.  Maness WL, Benjamin M, Podoloff R, Bobick A, Golden RF. Computerized
occlusal analysis: a new technology. Quintessence Int. 1987;18(4):287-92.

11. Montgomery MW, Shuman L, Morgan A. T-scan dental force analysis for
routine dental examination. Dent Today. 2011;30(7):112-4.

12. LinPT, JiaoY, Zhao SJ,Wang F, Li L, Yu F, Tian M, Yu HH, Chen JH. Occlusion
and Disocclusion Time Changes in single unit crowns designed by functional
generated path technique: a Randomised Clinical Trial. Sci Rep. 2017;7(1):388.

13. TrpevskaV, Kovacevska G, Benedeti A, Jordanov B. T-scan lIl system diagnostic
tool for digital occlusal analysis in orthodontics - a modern approach. Prilozi.
2014;35(2):155-60.

14.  Andrews LF. The straight-wire appliance, origin, controversy, commentary. J
Clin orthodontics: JCO. 1976;10(2):99-114.

15. Morton S, Pancherz H. Changes in functional occlusion during the post-
orthodontic retention period: a prospective longitudinal clinical study. Am J
Orthod Dentofac orthopedics: official publication Am Association Orthodon-
tists its constituent Soc Am Board Orthod. 2009;135(3):310-5.

16.  Clark JR, Evans RD. Functional occlusal relationships in a group of post-orth-
odontic patients: preliminary findings. Eur J Orthod. 1998;20(2):103-10.

17. Varga S, Spalj S, Anic Milosevic S, Lapter Varga M, Mestrovic S, Trinajstic Zrinski
M, Slaj M. Changes of bite force and occlusal contacts in the retention phase
of orthodontic treatment: a controlled clinical trial. Am J Orthod Dentofac
orthopedics: official publication Am Association Orthodontists its constituent
Soc Am Board Orthod. 2017;152(6):767-77.

18. Lee SM, Lee JW. Computerized occlusal analysis: correlation with occlusal
indexes to assess the outcome of orthodontic treatment or the severity of
malocculusion. Korean J Orthod. 2016;46(1):27-35.

19.  Chaison ET, Liu X, Tuncay OC. The quality of treatment in the adult orth-
odontic patient as judged by orthodontists and measured by the Objective
Grading System. Am J Orthod Dentofac orthopedics: official publication Am
Association Orthodontists its constituent Soc Am Board Orthod. 2011;139(4
Suppl):69-75.

20. Struble BH, Huang GJ. Comparison of prospectively and retrospectively
selected American Board of Orthodontics cases. American journal of
orthodontics and dentofacial orthopedics: official publication of the American
Association of Orthodontists, its constituent societies, and the American Board of
Orthodontics 2010, 137(1):6e1-8; discussion 6-8.

21. Song GY, Baumrind S, Zhao ZH, Ding Y, Bai YX, Wang L, He H, Shen G, Li WR,
Wu WZ, et al. Validation of the American Board of Orthodontics Objective
Grading System for assessing the treatment outcomes of chinese patients.



Wang et al. BMC Oral Health

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2023) 23:312

Am J Orthod Dentofac orthopedics: official publication Am Association
Orthodontists its constituent Soc Am Board Orthod. 2013;144(3):391-7.

Sari Z, Uysal T, Basciftci FA, Inan O. Occlusal contact changes with remov-
able and bonded retainers in a 1-year retention period. Angle Orthod.
2009;79(5):867-72.

Basciftci FA, Uysal T, Sari Z, Inan O. Occlusal contacts with different retention
procedures in 1-year follow-up period. Am J Orthod Dentofac orthopedics:
official publication Am Association Orthodontists its constituent Soc Am
Board Orthod. 2007;131(3):357-62.

Sutter BA. A digital poll of dentists testing the accuracy of paper mark
subjective interpretation. Cranio: the journal of craniomandibular practice.
2018,36(6):396-403.

Mazur M, Jedlinski M, Ndokaj A, Ardan R, Janiszewska-Olszowska J, Nardi GM,
Ottolenghi L, Guerra F. Long-Term Effectiveness of Treating Dentin Hyper-
sensitivity with Bifluorid 10 and Futurabond U: A Split-Mouth Randomized
Double-Blind Clinical Trial Journal of clinical medicine2021, 10(10).

van't Spijker A, Kreulen CM, Creugers NH. Attrition, occlusion, (dys)function,
and intervention: a systematic review. Clin Oral Implants Res. 2007;18(Suppl
3):117-26.

Qadeer S, Abbas AA, Sarinnaphakorn L, Kerstein RB. Comparison of excursive
occlusal force parameters in post-orthodontic and non-orthodontic
subjects using T-Scan(R) Ill. Cranio: the journal of craniomandibular practice.
2018;36(1):11-8.

Baldini A, Nota A, Cozza P. The association between occlusion time and
Temporomandibular Disorders. J Electromyogr kinesiology: official J Int Soc
Electrophysiological Kinesiol. 2015;25(1):151-4.

Thumati P, Thumati RP, Poovani S, Sattur AP, Srinivas S, Kerstein RB, Radke J. A
Multi-Center Disclusion Time Reduction (DTR) Randomized Controlled Occlu-
sal Adjustment Study Using Occlusal Force and Timing Sensors Synchronized
with Muscle Physiology Sensors. Sensors 2021, 21(23).

Thumati P, Kerstein RB, Thumati RP. Disclusion time reduction therapy in treat-
ing occluso-muscular pains. J Indian Prosthodontic Soc. 2017;17(1):95-8.

31

32,

33.

34.

35.

36.

37.

38.

Page 13 of 13

Kerstein RB, Radke J. Average chewing pattern improvements following
Disclusion Time reduction. Cranio: the journal of craniomandibular practice.
2017;35(3):135-51.

Al-Rayes NZ, Hajeer MY. Evaluation of occlusal contacts among different
groups of malocclusion using 3D digital models. J Contemp Dent Pract.
2014;15(1):46-55.

Qadeer S, Yang L, Sarinnaphakorn L, Kerstein RB. Comparison of closure
occlusal force parameters in post-orthodontic and non-orthodontic subjects
using T-Scan(R) Il DMD occlusal analysis. Cranio: the journal of cranioman-
dibular practice. 2016;34(6):395-401.

Yamada K, Hanada K, Sultana MH, Kohno S, Yamada Y. The relationship
between frontal facial morphology and occlusal force in orthodontic patients
with temporomandibular disorder. J Rehabil. 2000;27(5):413-21.

Makino E, Nomura M, Motegi E, lijima Y, Ishii T, Koizumi Y, Hayashi M, Sueishi K,
Kawano M, Yanagisawa S. Effect of orthodontic treatment on occlusal condi-
tion and masticatory function. Bull Tokyo Dent Coll. 2014;55(4):185-97.
Sierpinska T, Kropiwnicka A, Kuc J, Jacunski P, Golebiewska M. The influence
of occlusal morphology on occlusion time. Cranio: the journal of cranioman-
dibular practice. 2017;35(2):101-9.

de Freitas KM, Janson G, de Freitas MR, Pinzan A, Henriques JF, Pinzan-Ver-
celino CR. Influence of the quality of the finished occlusion on postretention
occlusal relapse. Am J Orthod Dentofac orthopedics: official publication

Am Association Orthodontists its constituent Soc Am Board Orthod.
2007;132(4):428e429-414.

Pesce P, Pera F, Setti P, Menini M. Precision and Accuracy of a digital
impression scanner in full-arch Implant Rehabilitation. Int J Prosthodont.
2018;31(2):171-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Computerized dynamic occlusal analysis and its correlation with static characters in post-orthodontic patients using the T-Scan system and the ABO objective grading system
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Participants
	﻿ABO scoring
	﻿T-Scan examination
	﻿Statistical analysis
	﻿Reliability test

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


