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biomeChaniCal assessment of the stress-strain 
status of splintinG struCtures 
and teeth periodontium in Case 
of ChroniC periodontitis

a b s t R a C t  — The authors have proposed an all-cast pin 
splint, whose technological feature is the ceramic lining of 
the over-the-bar part, which acts as a covering aesthetic 
structure, provides better distribution of the functional load 
and binds firmly mobile teeth affected by chronic moderate 
localized periodontitis.
The paper offers a view at the outcomes of a comparative 
analysis of the stress-strain state of periodontal tissues, 
teeth, and cortical bone in chronic moderate localized 
periodontitis at the anterior group of teeth in the lower 
jaw, when they are splinted with a specially designed splint 
and a conventional metal-ceramic monolithic splint by 
finite element modeling. The developed 3D mathematical 
model included, as the initial data, the features of the 
periodontium, of dental tissue and of cortical bone. There 
was an examination carried out focusing on the distribution 
of stresses, which occur when using the designed splint 
under the impact of multidirectional loads of 130 N, 
acting strictly down relative to the tooth longitudinal axis 
(vertically), and a load at an angle of 45°. The proposed 
method of splinting reduces the maximum stress in the 
periodontium at a vertical load by 26.9%, while at a side 
load of 45° it reduced the stress by 34.7%, if compared to a 
traditional monolithic metal-ceramic splint.

K e Y w o R d s  — periodontium, periodontitis, splinting, 
metal-ceramic crown, stress-strain state.
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i n t r o d u C t i o n
There are numerous methods available for 

splinting mobile teeth in case of chronic localized 
periodontitis of varying degrees of severity [1–4], 
while there is no doubt that the top place among the 
methods employed to treat the pathology in question 
belongs to long-term splinting performed as a block 
of solid crowns or solid splints covered with ceram-
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ics [5]. The success of the orthopedic treatment will 
ultimately depend on the manufacturing technology 
and the splinting structure design.

Only the finite element method (FEM) is good 
for identifying the stress-strain state of objects featuring 
complex geometric shape [6]. Calculations based on 
FEM are in high demand, since they allow eliminating 
flaws at the design stage, reducing the time of refine-
ment and the number of experiments (http://www.an-
sys.com/solutions/solutions-by industry/healthcare).

This work was performed using the ANSYS Aca-
demic Research Release 18.2 software package (aca-
demic license for scientific research; owner: S.P. Ko-
rolev Samara National Research University) which 
includes the ANSYS SpaceClaim geometric modeling 
module, and the ANSYS Mechanical module for solv-
ing strength problems. The consultation was offered 
by P.V. Bondarchuk, a CADFEM-CIS expert (Samara, 
Russia).

Aim of the study 
was to conduct a biomechanical evaluation of the 
efficacy of the proposed solid-cast ceramics-coated 
splint by the finite-element method on designed 3D 
mathematical model under multidirectional loads.

m a t e r i a l s  a n d  m e t h o d s
A CAD (automated drawing) model of the lower 

jaw was designed based on tomographic examination 
and its processing in the computer-aided design (NX) 
system. The model was modified through creating a 
crescent-shaped periodontal lesion zone at the front 
teeth area, while the lower jaw canines were modeled 
intact (Fig. 1a). The jaw model is divided into two 
volumes: the cortical and spongy bone. The model 
has holes for the teeth as shown in the step section 
(Fig. 1b).

The central incisor, the lateral incisor and the 
canine teeth were created following a 3D computer 
model. The study does not take into account the holes 
of missing teeth due to the lack of their effect on the 
model deformation. The periodontal layer is of the 
same thickness (0.25 mm [7]).

We have designed two types of splint models that 
connected the teeth of the original model. The study is 
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focused on the conventional cermet monolithic splint 
(Group 1) and a splint of the new design (Group 2).

The newly designed splint (RF patent #175754) 
was installed on the dentition as shown in Fig. 2a. 
Fig. 2b offers a more detailed view of the design, show-
ing the splint and the prepared teeth. The splinting 
technique implies manufacturing a metal frame, 
constructed as a cast beam with pins, whereas for the 
pulpless teeth with parallel canals, the length of the 
root pins was ⅔ the length of the root canals, and for 
teeth with non-parallel canals, or in case there was no 
way to unseal the canals properly, the pin length was 
up to ⅓ of the canal length, while they were parallel to 
each other and to all the canals of the pulpless teeth. 

well as to the other pins, in order to fix the splint on 
the intact teeth. The visible part of the cast splint on 
the respective teeth is covered with a ceramics layer 
to match the color of the latter. The splint was fixed 
through cement (GC Fuji I) in the root canals and in 
the prepared grooves of the clinical dental crowns.

The model did not shape a ceramic layer due to a 
low impact on the structure rigidity determined by the 
metal frame.

Fig. 3a shows a cermet monolithic splint. Fig. 3b 
offers an image of a jaw with a partially shown prosthe-
sis and the prepared teeth. The point of this method 
was as follows: a whole-cast prosthesis from metal-
ceramic crowns was made for preprepared teeth, while 

Fig. 1.  Patient's lower jaw model: a — bone defect in the front teeth area; b — step section of the model

Fig. 2.  Patented splint fitted to the lower jaw front teeth; a — splint, oral view; b — splint design

The splint featured paired parapulpar pins up to 
2–2.5 mm long, which were parallel to each other as 

the prosthesis was manufactured from cobalt-chrome 
alloy to be further coated with ceramics through bak-
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ing. The structure was fixed on the teeth stumps with 
cement (GC Fuji I).

Calculation of the stress-strain state relied on the 
data regarding the components of mathematical mod-
els (properties of the tooth, lower jaw cortical bone, 
periodontium) [8–12], as can be seen from Table 1.

and cortical bone. Given that the analyzed materi-
als feature different properties, several stress options 
were employed to assess the stress state. One was the 
equivalent of Von Mises stress for dental tissues, peri-
odontium and the maximum major stresses (recom-
mended for fragile bodies, such as cortical bone, for 
instance).

Table 1.  Properties of the materials employed through the study

Material Young’s module, MPa Poisson’s ratio
Strength limit
Compressive, MPa Rupture, MPa

Cortical bone 13700 0.26 156 85
Periodontium 0.6668 0.15 20 15
Teeth 19613.3 0.33 310 105

Fig. 3.  Metal-ceramic monolithic splint: a — view of splint on the jaw; b — prepared teeth and the splint shown partially

At the masticatory muscle (m. masseter) attach-
ment point to the lower jaw, no vertical movement 
was allowed. When simulating biting, the models were 
loaded through applying force to the occlusal surfaces 
of the clinical dental crowns.

The strength analysis of the above models was per-
formed with two loading options, hereinafter referred to 
as Step 1 and Step 2. The loading value was chosen so as 
to have a response at the masticatory muscle attachment 
area equal to 130 N. Given the model in question, this 
corresponded to a vertical load of 20 N per tooth. At 
Step 1 (Fig. 4a), a compressive load of 20 N was applied 
to the incisor surface of the teeth with a constant in-
tensity, directed strictly downward relative to the tooth 
longitudinal axis (vertically), thus simulating food bit-
ing and chewing. At Step 2 (Fig. 4b), a load of 20 N was 
applied as well, featuring constant intensity at an angle 
of 45° relative to the longitudinal axis of the tooth [13].

The model was analyzed in relation to the stress 
distribution in the periodontium, dental tissues 

For a more detailed understanding, we obtained 
the results of stresses occurring in the periodontium, 
dental tissues, and cortical bone separately.

r e s e a r C h  o u t C o m e s

Results of the stress-strain state, Group 1.
The maximum stresses in the periodontium 

under vertical load for Group 1 were: for the tooth 
3.1 — 0.51 MPa; for the tooth 3.2 — 0.48 MPa; for 
the tooth 3.3 — 0.52 MPa (Fig. 5a). There is some un-
even periodontium loading to be observed, while the 
maximum stresses at an angle of 45° were: for the tooth 
3.1 — 0.92 MPa; for the tooth 3.2 — 0.95 MPa; for 
the tooth 3.3 — 0.86 MPa (Fig. 5b). The maximums 
localized on the periodontal dentoalveolar fibers (peri-
odontium circular ligament).

The maximum stresses on the dental tissues in 
Group 1 under a vertical load for teeth 3.1 and 3.2 
were 25.22 MPa; for tooth 3.3 — 22.17 MPa (Fig. 6a), 
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while under a 45° load these were 59.81 MPa, 65.53 
MPa and 68.35 MPa, respectively (Fig. 6b).

The maximum stress fields in the jaw cortical 
bone tissues in Group 1 were localized in the alveolar 
socket of tooth 3.3 and were 10.92 MPa; for tooth 
3.2 — 9.15 MPa, and for tooth 3.1 — 10.11 (Fig. 7a). 
The maximum stresses at an angle of 45° in the cortical 
bone were 21.35 MPa for the teeth 3.3, 3.2 — 21.12 
MPa; for 3.1 — 19.73 MPa (Fig. 7b).

Results of the stress-strain state, Group 2.
Fig. 8a shows the results of the maximum major 

stresses in the periodontium in Group 2: for the tooth 
3.1 — 0.35 MPa; for the tooth 3.2 — 0.35 MPa; for the 
tooth 3.3 — 0.38 MPa. Under a loading at an angle of 
45°, there was already a uniform loading to be observed 
in the periodontium, while the maximum stresses were: 
for the tooth 3.1 — 0.61 MPa; for the tooth 3.2 — 0.62 
MPa; for the tooth 3.3 — 0.62 MPa (Fig. 8b).

The maximum stresses on the dental tissues in 
Group 2 under a vertical load for the tooth 3.1 were 

18.55 MPa; for the tooth 3.2 — 18.53 MPa, and for 
the tooth 3.3 — 17.65 MPa (Fig. 9a), at an angle of 45°, 
the load on the tooth 3.3 was 44.25 MPa; on the tooth 
3.2 — 44.23 MPa, while on the tooth 3.1 it was 44.23 
MPa (Fig. 9b).

The maximum stress on the lower jaw model cor-
tical bone in Group 2 under a vertical load for tooth 
3.3 was 7.35 MPa; for tooth 3.2 — 7.31 MPa, and for 
tooth 3.1 — 7.28 MPa (Fig. 10a). The maximum stress 
at 45° in the cortical bone was 13.97 MPa for the tooth 
3.3; for the tooth 3.2 — 13.16 MPa, and for the tooth 
3.1 — 13.73 MPa (Fig. 10b).

Tables 2–4 offer a comparative analysis of the 
obtained quantitative indicators for the maximum 
stresses depending on the design and the part of the 
system.

The data in Table 2 shows that the resulting 
maximum stresses in the periodontium are high in 
Group 1, where the monolithic metal-ceramic splint 
was used. These indicators were the highest for both 
the vertical load (0.52 MPa) and the lateral (45°) load 

Fig. 4.  Areas of load application on the lower jaw teeth: a — step 1, vertical load; b — step 2, load at an angle of 45°

Fig. 5.  Maximum stresses occurring in the periodontium. Group 1: a — Step 1 (vertical load); b — Step 2 (45° load)

d e N t i s t R Y



153|  a r c h i v  e u r o m e d i c a  |  2 0 2 0  |  v o l .  1 0  |  n u m .  4  |

Fig. 6.  Maximum stresses occurring on the dental tissues. Group 1: a — Step 1 (vertical load); b — Step 2 (45° load)

Fig. 7.  Maximum stress on the jaw cortical bone. Group 1: a — Step 1 (vertical load); b — Step 2 (45° load)

Fig. 8.  Maximum stresses occurring in the periodontium. Group 2: a — Step 1 (vertical load); b — Step 2 (45° load)

(0.95 MPa). The use of the proposed splint allowed 
reducing the occurrence of maximum stresses in the 
periodontium, as well as distributing the equal load 
delivered through the structure to the periodontium. 
Mathematical analysis in Group 2, therefore, revealed 
a 26.9% decrease in this value under the vertical load 
(0.14 MPa), while under the lateral load the decrease 
was 34.7% (0.33 MPa), if compared to Group 1.

The obtained values of maximum stresses in 
dental tissues (Table 3) under the vertical load (90°), 

were the highest in Group 1 (25.22 MPa) and the 
lowest in Group 2 (18.55 MPa), with the statistically 
significant difference between the groups 26.4% (6.67 
MPa). In case of the lateral load of 45°, the maximum 
stresses in the tooth tissues in Group 1 were 68.35 
MPa, and in Group 2 — 44.25 MPa. Given the fact 
that the critical stresses in Group 2 proved higher for 
both loading options, the destruction of tooth tissues 
would occur faster while using a monolithic metal-
ceramic splint.
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Fig. 9.  Maximum stresses occurring on the dental tissues. Group 2: a — Step 1 (vertical load); b — Step 2 (45° load)

Fig. 10.  Maximum stresses occurring on the cortical bone. Group 2: a — Step 1 (vertical load); b — Step 2 (45° load)

Group

Maximum stress, MPa Critical stress 
resulting in peri-
odontium trauma, 
MPa90° 45°

3.1 3.2 3.3 3.1 3.2 3.3
181 0.51 0.48 0.52 0.92 0.95 0.86

2 0.35 0.35 0.38 0.61 0.62 0.62

Table 2.  Results of maximum stresses in periodontium

Group

Maximum stress, MPa Critical stress 
resulting in 
tooth collapse, 
MPa90° 45°

3.1 3.2 3.3 3.1 3.2 3.3
221 25.22 25.22 22.17 59.81 65.53 68.35

2 18.55 18.53 17.65 44.23 44.23 44.25

Table 3.  Results of maximum stresses in dental tissues

Table 4.  Results of maximum stresses in cortical bone

Group

Maximum stress, MPa Critical stress 
resulting in 
cortical bone 
trauma, MPa90° 45°

3.1 3.2 3.3 3.1 3.2 3.3
731 10.11 9.15 10.92 19.73 21.12 21.35

2 7.35 7.31 7.35 13.73 13.16 13.97

The results of maximum stresses occurring in the 
cortical bone (Table 4) under the vertical load and at 
an angle of 45° were highest in Group 1 — 10.92 and 

21.35 MPa, respectively. In group 2, the vertical and 
the lateral loads entailed maximum stresses of 7.35 
and 13.97 MPa, respectively, which is 32.6 and 34.5% 
below similar values in Group 1, which indicates rather 
a significant load in the cortical bone, and in case 
of bending loads there is destruction possible of the 
cortical bone marginal zones in the Group 2.

C o n C l u s i o n
In view of our outcomes of the stress-strain state 

analysis performed using 3D mathematical models of 
lower jaws with chronic moderate localized periodon-
titis, splinted with constructions of various design, the 
following conclusions can be made:
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1. The stress distribution pattern of all the types 
of splinting structures examined above corresponds 
to the nature of the stress distribution typical of rigid 
bodies with a predominant load concentration on the 
tooth circular ligament. Significant stress reduction in 
the patented design, if compared to the conventional 
splint, is due to significantly reduced stresses at the 
tooth–splint boundary subjected to a vertical and a 
lateral load.

2. Using the patented splint allows a significant 
reduction in the equivalent stresses not only on the 
border of different tissues, in the dentine, in the tooth 
root, yet also in periodontal tissues as well as in the 
cortical bone with no risk of dangerous load concen-
tration, thus minimizing the likelihood of overload 
that the teeth may be subjected to.

r e f e r e n C e s
1.  Naumovich S.A.  Methods of orthopedic treatment 

of periodontal diseases. – Study guide. – 3rd edition. – 
Minsk: BGMU, 2018. – P. 92 (In Russ.).

2.  Garazha S.N., Ivancheva Ye. N.  A study of the 
surface of acryl-plastic-based facing dental materials. 
Russian Journal of Dentistry, 2010; 3: 4–8. 

3.  Garazha S.N., Ivancheva Ye. N.  Prognostication 
of the clinical efficacy of whole-ceramic restorations 
taking into account microstructural peculiarities. Rus-
sian Journal of Dentistry, 2010; 4: 10–12. 

4.  Konnov V.V., Harutyunyan M.R., Vorobieva 
M.V., Khodorich A.S., Mukhamedov R.N. 
 Clinical efficiency of orthopedic treatment of dental 
defects by arc prostheses with polyoxymethylene 
frame. Medical alphabet.2020; (3): 29–34. https://doi.
org/10.33667/2078-5631-2020-3-29-34

5.  Makeev G.A., Avsyankin A.V., Butuk D.V., 
Yavorskaya L.V.  Comparative characteristics of 
methods for splinting mobile teeth in the treatment 
of periodontitis diseases complicated by defects in 
the dentition. – Topical issues of dentistry. Collec-
tion of scientific papers dedicated to the basis of 
the Department of Prosthetic Dentistry of KSMU, 
Professor Isaak Mikhailovich Oksman. – Kazan, 2018. 
– 231–235. (In Russ.).

6.  Ivanov E.M., Ivanov A.E.  Three-dimensional 
mathematical modeling of the stress-deformed state of 
theeth. BBK. 2019. Vol 1. 119, (In Russ.).

7.  Dejak B., Młotkowski A.  Strength comparison 
of anterior teeth restored with ceramic endocrowns 
vs custom-made post and cores. Journal of Prostho-
dontic Research. 2017. Vol. 62 (2). DOI: 10.1016/j.
jpor.2017.08.005.

8. Zainon N.A., Kassim Z.H.M., Lim T.W.  Endocrown: 
an alternative approach for restoring endodontically 
treated teeth. Malaysian Dental Journal. 2019. Vol. 1. 
DOI: 10.1155/2018/1581952.

9.  Baumgaertel S., Hans M.G.  Buccal cortical bone 
thickness for mini-implant placement. Am J Orthod 
Dentofacial Orthop. 2009. Vol 136. 230–235.

10.  Durrani F., Galohda A., Rai S.K., Singh N.K., 
Verma R., Yadav D.S., Karthickraj S.M.  Evalua-
tion and comparison of stress distribution around peri-
odontally compromised mobile teeth splinted with 
different materials. Three-dimensional finite element 
analusis. Indian J Dent Res. 2019. Vol 30. 97–101.

11. Chuiko A.N., Ugrin M.M., Levandovsky R.A. 
 Biomechanics and computer technologies in maxil-
lofacial orthopedics and dental implantology. – Lviv: 
GalDent, 2014. – 350 p.

12. Zaitsev D.V., Buzova E.V., Panfilov P.E.  Strength 
properties of dentin and enamel // J. Messenger of 
TSU. – 2010. – Vol. 15, No. 3. – P. 1198–1203.

13.  Sadykov M.I., Nesterov A.M., Domenyuk 
D.A., Ertesyan A.R., Konnov V.V., Matrosov 
V.V.  Biomechanical evaluation of stress-strain 
condition of restorative ceramic pin structures and 
dental roots // Archiv EuroMedica. 2020. Vol. 10; 
2: 115–120. http://dx.doi.org/10.35630/2199-
885X/2020/10/2.29.

d e N t i s t R Y


