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MODIFICATION OF THE DENTAL ARCH SHAPE 
USING GRAPHIC REPRODUCTION METHOD 
AND ITS CLINICAL EFFECTIVENESS 
IN PATIENTS WITH OCCLUSION ANOMALIES

A b s t r a c t  — Based on the results of the dentoalveolar 
system morphometry performed in patients with permanent 
teeth physiological occlusion we have developed a method 
for studying the anterior dental arch. It follows the circle 
of geometry patterns as well as stable values in the medial-
distal dimensions of the front teeth crowns. In view of the 
mesial-distal dimensions of 14 teeth and dental arch width 
between the second molars and individually built radius of 
the circle we modified the method of dental arches graphic 
reproduction. The first stage of the dental arch individual 
shape graphic reproduction implies designing a dental 
pentagon, whereas its base is the width of the dental arch 
between the second molars, and the median sagittal line 
determines the depth of the dental arch. The upper sides 
of the pentagon (incisor-canine diagonals) run from the 
central interincisal point to the canine point, while the lower 
sides (canine-molar diagonals) connect the canine points 
to the molar points. At the second stage of the dental arch 
individual shape graphic reproduction, a circle is outlined, 
whose radius is related directly to the width of the anterior 
dental arch, and has an inverse relationship with its depth. 
There is a proof offered for clinical feasibility of the method 
employed to predict the optimal individual shape of the 
dental arch through graphic reproduction in patients with 
class I Angel occlusion issues. The study showed that the 
effectiveness of therapeutic and diagnostic measures for 
patients with abnormal shape and size of dental arches. It 
can be achieved if the sequence of the graphic construction 
stages is strictly followed.

K e y w o r d s  — graphic reproduction of dental arches, 
individual shape of the dental arch, occlusion anomalies, 
odontometry, gnathic type of dental arch, dental type of 
dental arch.
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I n t r o d u c t i o n
Solving the problems of modern orthodon-

tics viewed as a complex dental discipline, is aimed 
not at correcting the teeth position, dentition and 
bite alone, yet also at creating conditions to ensure 
proper growth of the jaw bones, correcting the 
shape of the facial skull, improving the dental ap-
paratus functions, and restoring the facial aesthetics 
[2, 6, 8, 12, 24, 28, 41, 46].

The traditional methods that allow in most cases 
achieving optimal outcomes in correcting dental 
anomalies and deformities at the early stages still main-
tain their clinical value. However, given the progress 
of medical technologies and knowledge, there have ap-
peared a significant number of advanced methods and 
means of treatment, which allow carrying out high-
level treatment, as well as taking preventive measures, 
working with patients who need orthodontic assist-
ance [13, 21, 26, 32, 44, 47–51].

Optimal functioning of the dentoalveolar ap-
paratus in case of an orthognathic bite, taken as a type 
of physiological bite, is achieved through the best 
aesthetic and morphological optimum, the highest 
indicators of the chewing function, favorable condi-
tions for somatic swallowing, as well as a comprehen-
sive tongue function. Well-developed signs of physi-
ological occlusion, which are the result of the normal 
teeth position, the closing of the teeth-antagonist pairs 
(dental ridges), a well-shaped occlusal plane, with the 
coordination and control from the central nervous 
system, will ensure a balanced performance of the tem-
poromandibular joint, the maxillofacial muscles, and 
the biomechanic features of the lower jaw movement 
[5, 16, 19, 29, 38, 40, 43].

One of the most urgent issues that ortho-
dontists have to face currently, implies improving 
the diagnostics of dental anomalies, since this is 
important in terms of setting diagnoses, selecting 
the treatment tactics, and identifying the scope of 
the measures to be taken. No other dental discipline 
has the identification of an anomaly — and there-
fore the identification of the treatment aims — as 
significant as in orthodontics, so there is every 
reason for diagnostic research to be considered a 
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key factor at the initial stages of orthodontic care 
[1, 4, 7, 14, 17, 23, 25, 39].

Specialists have proposed a large number of 
special examination methods (clinical, cephalom-
etric, anthropometric, X-ray, functional), which, 
taken together, allow obtaining a fairly complete and 
objective picture of the dental system status, as well as 
assessing properly the morphofunctional changes that 
occur due to various types of anomalies in different age 
groups [3, 9–11, 15, 20, 22, 30, 33–36].

The construction of a dental arch employing a 
geometric and graphical method has stirred interest 
from researchers for many decades. The proposed 
graphic reproduction of the dental arch by Howley-
Herber-Herbst method has already entered both 
academic and special literature, to turn into an at-
tribute for diagnosing occlusion anomalies. Clinicians 
claim that the effectiveness of the dental arch graphical 
construction by the Нowley-Нerber-Нerbst method 
has proven itself in cases where the width of the dental 
arches between the canines is twice the depth of the 
anterior dental arch [27, 31, 37, 42, 45].

There is special attention to be paid to the graphic 
construction of the dental arch, based on the circle ge-
ometry regularities. The arch radius is calculated based 
on the central angle value. The depth and the width of 
the anterior segment are to be calculated through the 
Huygens formula, where the length of the dental arch 
is taken as the sum of the width of the six front teeth 
crowns. This method allows calculating the dental 
arch latitudinal indicators in the canine area, the depth 
of the anterior segment in case of dental arches anoma-
lies, taking into account odontometric values [18]. 
There has been a method developed for constructing 
an arch, where the circle diameter is viewed as a value 
equal to the difference between the width and the 
depth of the dental arch to the level of the canine loca-
tion. This graphic design, however, applies to patients 
with permanent teeth physiological occlusion [52, 53].

Despite the numerous methods of dental arch 
graphic reproductions available nowadays, there is no 
data concerning the methods of constructing dental 
arches for occlusion anomalies, taking into account 
the individual features of the dental system, which is 
the rationale behind, and the purpose, of this study.

Aim of study: 
to improve the dental arches graphic reproduction 
method in patients with occlusion anomalies taking 
into account individual specifics of the dental system.

MATERIALS          AND    METHODS     
When dealing with patients featuring abnormal 

shape and size of the dental arches, measuring the line-

ar parameters proves complicated due to the abnormal 
teeth location in the front and side parts. Modification 
of the dental arches graphic reproduction method is 
based on employing stable biometric indicators in the 
transversal direction along with an evaluation of the 
inter-canine transversal and the depth of the dental 
arch anterior part. The radius of the circle for the front 
teeth location was calculated following the formula 
below:

	

	

where R is the circle radius; W(c-c) is the front arch 
width; D(in-c') is the anterior arch depth. The trans-
versal measurements of the anterior part were per-
formed using the Pont and Korkhaus methods, where 
the arch was divided into segments through the Pont 
points at the first premolars (Fig. 1).

Fig. 1. �Dental arch depth measurement

The algorithm for constructing a graphic repro-
duction of the dental arch included the following cal-
culation and diagnostic stages. First, a dental (incisor-
canine-molar) pentagon was designed based on dental 
arches biometric indicators. On the dental arch, the 
location of the central incisal point was marked as 
in (incisivus); the canine points were marked with c 
(caninus), located on the canines tearing tubercles. 
The points located on the distal tubercles tops on the 
vestibular side of the permanent bite second molars 
were marked as m (molares). The canine and the molar 
points were connected with conventional lines that 
determined the transversal dimensions of the arches 
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Fig. 2. �Reference points for designing a dental pentagon on the upper (a), lower (b) jaw

(inter-canine and intermolar distance). The middle 
of these lines was marked with c' and m'. From the m' 
point, a perpendicular was drawn, which ran through 
the c' and in points to divide the arch into symmetri-
cal parts. In the sagittal direction, the depth of the 
dental arch anterior part was identified as the distance 
between the in-c' points. The depth of the complete 
dental arch corresponded to the in-m' (Fig. 2).

which, according to Bolton, falls within the normal 
value of the anterior ratio index (77.28%). The total 
value of the mesiodistal sizes for 12 teeth in the upper 
jaw was 97.56 mm; for the lower jaw — 89.06 mm; 
the overall ratio index (by Bolton) was 91.29%, which 
corresponds to the norm and indicates compliance 
with the odontometric indicators. The length of the 
maxillary dental arch was 117.06 mm, whereas the 

At the second stage, the arch graphic reproduc-
tion was done. From the in point, the point o was 
drawn down along the vertical line, for a value equal 
to the calculated radius, and then a circle was out-
lined, which, in case of physiological occlusion, passes 
through the canine points. The middle of the side lines 
(c-m) was marked as the A and B points. Further, per-
pendicular lines were drawn from points A and B, with 
an intercrossing on the in-m' vertical at a value equal 
to the length of the dental arch (the sum of crowns 
width of 14 teeth). These lines were marked as A-D and 
B-C, respectively. From points C and D, the distance to 
the canine points (c) or to the molar points (m) of the 
opposite side was measured, while the specified value 
served as the dental arch lateral segment radius (Fig. 3).

Fig. 3. �Designing 
individual dental arch 
shape

The effectiveness of the method for construct-
ing the dental arch individual shape can be illustrated 
with a clinical example. Patient K., 18 y.o., came to the 
clinic complaining about the front teeth wrong loca-
tion. A visual examination showed relative symmetry 
of the face; the vertical proportions were within the 
age norm. In profile, the upper lip does not reach the 
Riccets E-line. When examining the oral cavity, the 
Angel class I occlusion anomaly was diagnosed; the 
first molars were in a neutral position on both sides; 
the upper canine on the right was beyond the dental 
arch (on the vestibular side), and occupied a supraposi-
tion due to a lack of space in the dentition (Fig. 4).

Measuring the teeth revealed that the upper teeth 
dimensions correspond to the antagonists parameters, 
and belong to normodontia (Table 1).

The sum of the mesial-distal dimensions of the 
four upper incisors was 32.56 mm, while the similar 
dimensions of the antagonist teeth were 24.2 mm. The 
ratio of the upper vs. lower teeth size (Tonn index) 
was 1.34, which pointed at their proportionality. The 
total size of incisors and canines on the maxillary arch 
was 48.76 mm; on the mandibular arch — 37.66 mm, 

a 	 b
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Fig. 4. �3D visualization in the "Bone" option and VR mode in the sagittal (a) and frontal (b) planes; 3D visualization in the "Teeth" option in the sagittal 
(c) and in the "Teeth 2" option in the frontal (d) planes; Decoding a teleroentgenogram using the Sassuoni method (е); Maxillary axial reformat (f); 
Temporomandibular joint in axial (g), sagittal right (h) and sagittal left (i) projections; Topography of the canine in the frontal (j), axial (k) and sagittal (l) 
planes; MIP image of panoramic construction of the jaw bones (m)

Examined dentitions
Dimensions of teeth that have a certain position in the dentition
1 2 3 4 5 6 7

Upper jaw 9.04 7.24 8.1 7.4 6.72 10.28 9.75
Lower jaw 5.7 6.4 6.73 7.3 7.6 10.8 10.03

Table 1. �Odontometry indicators, Patient K.
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mandibular dental arch was 109.12 mm, this indicat-
ing a normodontia dental system.

Subject to the proposed algorithm, the width of 
the dental arches between the second molars (upper 
jaw — 58.6 mm, lower jaw — 53.21 mm) was meas-
ured. The value of the dental arch gnathic index (the 
length to width ratio) was as follows: on the upper jaw 
— 1.998 units, on the lower jaw — 2.051 units. The 
estimated parameters fall within the dolichognathic 
dental arch. A comparison of the gnathic and dental 
types allowed attributing the dental arches of both 
jaws to the protrusion type. In view of the types of 
arches and the proposed coefficients, the forecasted 
parameters of dental arches were calculated (Table 2).

The measuring of the parameters and compar-
ing the abnormal arch with the graphic reproduction 
revealed a mismatch, which was most significant in the 
anterior segment. The diagonal of the anterior section 
on the right was 2.09 mm below the calculated values. 
The arch depth was shortened by 3.02 mm, while in 
the anterior part of the arch the mismatch was 3.11 
mm. The inter-canine distance exceeded the calculated 
values by 1.84 mm, which was due to the vestibular 
position of the right canine. The diagonal of the right 
side of the arch was below the calculated values by 3.9 
mm, and corresponded to the lack of space for the 
canine location, which determined the orthodontic 
treatment tactics using fixed equipment of mechani-
cal effect. The sequence of changing the arches, braces 
installation on the lower jaw, and the retention period 
of treatment were performed following the Protocol 
for orthodontic patients. After the final stage of the 
treatment, the shape of the dental arches on both jaws 
matched the normal parameters and the calculated 
values as identified at the pathology diagnostics stage. 
The status of the occlusion, both in the lateral and an-
terior parts, matched the signs of physiological occlu-
sion and the calculated type of dental arches (Fig. 6, 7).

Patient K’s facial features basically revealed 
no change after the treatment of the dental arches 
abnormal shape. The smile features no buccal cor-
ridors, which makes the patient’s face harmonious and 
aesthetic, as well as serves evidence to the treatment 
effectiveness (Fig. 8).

Given the above, employing the graphical 
research method at the stage of diagnostics and treat-
ment working with patients featuring abnormal shape 
and size of dental arches, proves an effective tool, and is 
to be recommended for clinical orthodontics.

C ON  C LUSIONS     
1. A comprehensive approach based on an objec-

tive analysis of the quantitative (morphometric) and 
qualitative (clinical, visual) features of the dental com-
plex allows obtaining a complete image of the normal 
or pathological status in terms of the dentition and 
occlusion, as well as taking timely preventive or thera-
peutic measures in view of the clinical indications.

2. Setting a diagnosis in orthodontics clinical 
practice is based on scientific knowledge, taking into 
account the age-bound norm and the patient’s dental 
system development patterns, as well as the body’s po-
tential for self-regulation, on the one hand, and on the 
other — on the ability to interpret clinical signs and 
morphological parameters. Based on the outcomes of 
clinical and morphological conclusions, indications 
for preventive or therapeutic measures are developed, 
with forecasts made concerning the effectiveness of 

Examined parameters
Dimensional parameter on dental arch
Upper Lower

Front segment arch length 40.66 30.93
Front segment arch diagonal 20.33 15.46
Front segment arch depth 10.16 6.49
Front segment arch width 35.21 28.07
Circle radius 20.33 18.41
Dental arch diagonal 55.22 50.52
Dental arch depth 46.80 42.94

Table 2. �Forecasted parameters of dental arches (mm), Patient K.

The next stage implied the design of a dental 
diagnostic pentagon with a circle in order to evaluate 
the location of the front teeth as well as to compare 
the obtained graphic reproductions with the abnormal 
shape of the arch (Fig. 5).

Fig. 5. �Comparison of the upper jaw abnormal arch with the forecasted 
parameters
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Fig. 6. �Occlusal relationship of dental arches after orthodontic treatment, Patient K

Fig. 7. �Virtual diagnostic Set–Up model in the ORAPIX 3Txer 2.5.0 file (Japan), patient K; prior to, and after the orthodontic treatment

Fig. 8. �Facial signs, Patient K.; prior to, and after the orthodontic treatment

treatment and the risk of developing the anomalies 
recurrence.

3. The effectiveness of therapeutic and diagnostic 
measures in patients with abnormal types of occlusal 
relationship has been proven through modifying the 

dental arches graphic reproduction method, taking 
into account individual dental features.

4. The first stage of graphic reproduction of the 
dental arch individual shape implies constructing a de-
tailed pentagon whose base is the width of the dental 
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arch between the second molars, whereas the median 
sagittal line determines the dental arch depth. The 
upper sides of the pentagon (incisor-canine diagonals) 
run from the central inter-incisal point to the canine 
point, while the lower sides (canine-molar diagonals) 
connect the canine and the molar points. The second 
stage of graphic reproduction involves drawing a circle 
whose radius is to be calculated as the ratio of the sum 
of the square from half-width of the anterior part of 
the arch and the arch depth square to double-depth of 
the anterior part.

5. The study has proven clinical feasibility of the 
method to be employed for predicting the optimal 
individual dental arch shape through graphic repro-
duction in patients with Angel class I occlusion issues.

6. It has been illustrated that the effectiveness of 
therapeutic and diagnostic measures in patients with 
occlusion anomalies shall be achieved through fol-
lowing strictly to the sequence of dental arch graphic 
construction stages.
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