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Abstract 

Objective:	The	aim	of	this	study	was	to	assess	orthodontic	mechanotherapy	treatment	
effects	on	the	prognosis	of	endodontically	treated	teeth.	Materials	and	Methods:	Ten	
three-dimensional	(3D)	model	for	the	four	maxillary	incisors	and	their	related	structure	
were	constructed;	 >ive	of	 them	have	vital	 tooth	property	while	 the	 remining	have	 the	
property	for	endodontically	treated	tooth.	Five	forms	of	tooth	movements	that	involved	
through	orthodontic	mechanotherapy	were	simulated	on	each	right	central	incisor:	In-
trusion	(0.2	N),	Extrusion,	Rotation	and,	Tipping	(0.6	N),	and	Translation	(1.2	N).	Re-
sults:	The	results	show	that	the	highest	von	mises	stress	was	recorded	within	Transla-
tion	movement	for	both	vital	and	non-vital	tooth	within	the	highest	value	was	recorded	
for	vital	teeth	model	(24.36	MPa).	In	general,	in	all	orthodontic	tooth	movement	for	the	
four	anterior	teeth	in	both	proposed	condition	the	tension	stress	that	have	been	recorded	
are	higher	than	the	compressive	stress.	Conclusion:	Nativity	and	language	preference	
interact	to	limit	access	to	dental	care.	Spanish-When	optimal	force	was	maintained	dur-
ing	orthodontic	tooth	movement,	>inite	element	study	show	that;	for	vital	teeth	only	the	
Translation	orthodontic	tooth	movement	resulted	in	PDL	compression	stress	higher	than	
MTS	suggesting	ischemic	and	resorptive	risks	occurrence.	While	for	non-vital	teeth	this	
risk	appeared	in	both	Rotation	and	Translation	orthodontic	tooth	movement.	 
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Introduc)on 
OrthodonAcs treatment moves the tooth 
within dentoalveolar complex to achieve opA-
mum estheAcs. OrthodonAc movement in 
adults may involve endodonAcally treated 
teeth. Although orthodonAst can move tooth 
within root canal treatment (RCT) in similar bio-
mechanics as untreated teeth; the associaAon 
between orthodonAcs and the endodonAcally 
conserved teeth during the treatment planning 

phase remains controversial to this day [1,2]. 

Pathological evidence of the tooth apical root 
and periodonAum associaAon within non-vital 
teeth may be the main conflict point between 
the researchers [3].  Other biological risk reac-
Aon of endodonAcally treated teeth movement 
may involve tooth ankylosis and fractures due 
to extensive preparaAon and customized post. 
Some authors found that teeth endodonAcally 
treated are more vulnerable to root resorpAon, 

while other state that there is no significant dif-
ference [4,5]. 
Wickwire et al. [6] and Spurrier et al. [7] found 
that external apical root resorpAon (EARR) was 
more prevalent in the teeth treated within pulp 
therapy. However, pure clinical level may not 
reflect these pathological differences; other re-
searcher found that there is no significant dif-
ference in the rate of the EARR a_er orthodon-
Ac tooth movement between vital and 
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endodonAcally treated teeth [3]. More ever, 
Bender et al. [8] found that EARR was more 
prevalent in sound teeth when compared with 
those endodonAcally treated. 
 In general, orthodonAc induce EARR is usually 
associated with the periodontal ligament in-
flammatory process that shorten the clinical 
root length. The amount of the external root 
resorpAon can be varied according to the, age 
and gender, root structure, root morphology, 
bone composiAon, type of orthodonAc tooth 
movement, presence of history of trauma, hab-
its, root development stage, the type of ortho-
donAc appliances used, and the amount and 
duraAon of the orthodonAc treatment forces. 
Other systemic factors may include nutriAon, 
hypothyroidism, hypophosphatemia, and ge-
neAcs can be also exaggerated external apical 
root resorpAon [4,9].  However, the magnitude 
of resorpAon can be decrease by comprehen-
sive clinical diagnosis, orthodonAc mechano-
therapy within light conAnuous force, and per-
iapical radiographical follow up [4]. 
The modulus of elasAcity for an endodonAcally 
treated tooth is typically lower than that of a 
vital tooth due to the loss of the tooth's original 
structure and the changes in its mechanical 
properAes a_er endodonAc treatment. Loss of 
tooth structural integrity during caries re-
moval, access opening and canal preparaAon 
make endodonAcally treated teeth more fragile 
[10]. 
However, orthodonAc treatment effects on the 
prognosis of endodonAcally treated teeth have 
not been widely assessed [2]. This arAcle aims 
to plot and describe the effects of different or-
thodonAc movement for endodonAcally 
treated maxillary incisor, illustrated with a fi-
nite element model and compare them with vi-
tal tooth.Error! Reference source not found. 
 
Material and Methods 
Mosul University approved this research by 
the Ethical Commifee within reference no. 
UoM.Dent.25/1039. This study was conducted 
at Mosul university/college of DenAstry from 
March to July/2025. This paper analyzes the 
response of teeth and their related periodon-
Aum (PDL) in term of the von mises, displace-
ment, compressive and tension stress distri-
buAon during applicaAon of different ortho-
donAc movement for vital and endodonAcally 
treated teeth. An axisymmetric three-dimen-
sional virtual model for the four maxillary 
teeth and its related structure PDL, surround-
ing corAcal and cancellous bone will be con-
structed using Auto CAD (2010) based on 
CBCT data base for more anatomic accuracy. 
The bone architecture will be simulated as 
thin shell of corAcal bone within a 2 mm 

thickness; trabecular bone occupies the un-
derlying space. The PDL was constructed with 
a uniform thickness of 0.5 mm for healthy in-
tact PDL [11]. The FEA was performed in Auto 
Desk Invertor Professional 2022 so_ware. Us-
ing the material assigning representaAon the 
material properAes assigned according to the 
previous study as labeled in Table 1 [12]. The 
moduli of elasAcity were 17.8 ± 2.9 GPa and 
18.9 ± 2.9 GPa for root canal–treated teeth 
and controls teeth, respecAvely [10]. The ma-
terials supposed to be elasAc, isotropic, linear, 
and homogeneous [12]. The models will be 
meshed with fine grain element 0.1 mm, 
dense mesh of high order. Completed models 
consist of 240098 elements, 337942 nodes as 
shown in the Figure 1. Vital movements in all 
direcAons will be suppressed at nodes situ-
ated on the base of the basal bone. The force 
applied on the right central incisor. Five types 
of orthodonAc tooth movements were simu-
lated on each right central incisor: Intrusion 
(0.2 N), Extrusion, RotaAon and, Tipping (0.6 
N), and TranslaAon (1.2 N) [12]. We per-
formed ten models, five of them within pro-
posed vital tooth property while the remining 
five had the property for endodonAcally 
treated tooth. The staAsAcal analysis was car-
ried out using a personal computer (Lenovo, 
Hong Kong). The resulAng von mises, com-
pressive, tensile stresses, and deformaAon 
were calculated and plofed for both vital 
teeth and non-vital teeth within their related 
PDL. Figure 2 summarizes our protocol.	
 
Results 
The results were recorded as Von mises stress, 
Compression principal stress, Tension principal 
stress and, Displacement for the four vital and 
non-vital anterior teeth and their related peri-
odontal ligament during different orthodonAc 
force (Extrusion, Intrusion Tipping, RotaAon 
and, TranslaAon) as appear in Tables 2 and 3, 
and in Figures 3 and 4. 
The results show that the highest von mises 
stress was recorded within TranslaAon move-
ment for both vital and non-vital tooth within 
the highest value was recorded for vital teeth 
model (24.36 MPa). Within PDL similarly the 
highest stress value was recorded within 
TranslaAon movement for both vital and non-
vital tooth within the highest value was rec-
orded for vital teeth model (0.01639 MPa). 
While the lowest von mises stress was ob-
served within Intrusion movement for both vi-
tal and non-vital anterior teeth model and 
their related periodontal ligament structure as 
shown in Tables 1 and 2. In general, in all or-
thodonAc tooth movement for the four ante-
rior teeth in both proposed condiAon the 

tension stress that have been recorded are 
higher than the compressive stress. Within 
healthy intact PDL the compression stresses 
and tension stresses were nearly similar for 
both vital and non-vital tooth condiAon within 
different orthodonAc tooth movement. The 
von mises stress for non-vital teeth were 
lower than those for vital tooth throughout all 
performed orthodonAc movement, the dis-
placement for the non-vital teeth were slightly 
more than those for vital tooth. For the four 
anterior teeth when non-vital property where 
assumed this result in reducAon compression 
and the tension stresses, while for the PDL 
both compression and the tension stresses ap-
peared to increase as the teeth assumed to be 
non-vital.	
	
Discussion 
There is increased request for orthodonAc 
treatment by Yong people to improve facial es-
theAcs. OrthodonAc involvement of endodon-
Acally preserved teeth in adults is become 
more common. Although endodonAcally pre-
served teeth can be orthodonAcally replace like 
untreated teeth many doubts endure about 
the relaAonship between orthodonAcs involve-
ment and root canal treatment (RCT). Most re-
cent papers have focused on incidence of root 
resorpAon of RCT teeth during orthodonAc 
treatment as the main side effect [2]. This study 
simulates orthodonAc tooth movement for en-
dodonAcally treated and vital teeth in afempt 
to explain this relaAonship uAlizing the finite el-
ement method as non-invasive reproducible 
method.  
EndodonAcally treated tooth, are more fragile 
than a vital tooth; this resultant from tooth 
structural removal throughout the access cav-
ity preparaAon, canal instrumentaAon more 
over tooth strength reduce due to rouAne use 
of specific chemicals for disinfecAon and steri-
lizaAon. All other denAn physical properAes mi-
crohardness, modulus of elasAcity and fracture 
resistance appear to be altered due to reduc-
Aon in moisture condiAoning and loss of the 
circulatory blood source. 
For the past eras, up unAl 1990, endodonAcally 
non-vital tooth pracAcally not involved ortho-
donAcally. This apprehensive approach due to 
ambiguous thought that those teeth are at a 
greater risk of root resorpAon during ortho-
donAc force applicaAon [13]. Since the 90s, as 
Spurrier et al. [7] published that tooth within 
precious endodonAcally management, during 
orthodonAc force applicaAon, the risk of in-
flammatory root resorpAon neither increased, 
nor reduced. External inflammatory apical root 
resorpAon (EARR) is one of the most undesira-
ble side effects that may occur throughout the 
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orthodonAc treatment, in 1914 Ofolengui [14] 
for the first Ame reported EARR associaAon 
within orthodonAc treatment.  Inflammatory 
root resorpAon may occur in 90% percent in or-
thodonAcally treated cases, the maxillary inci-
sors are the most commonly affected tooth. 
EARR associated with orthodonAc forces is typ-
ically root surface resorpAon and even cause an 
imbalanced raAo of crown and root in the af-
fected teeth [15].    The associated risk factors 
for EARR can be either those paAent-associated 
factors or treatment-associated ones. The ex-
tent of the orthodonAc treatment, applied 
force magnitude, tooth movement direcAon, 
apical displacement, and force applicaAon 
technique all are treatment-associated factor 
[16]. The higher occurrence of root resorpAon 
in females than males was recorded by 
Levander et al. [17] and Kjaer [18]. The long 
treatment extent and extracAon cases are the 
highly linked factors. moreover, class II elasAcs 
could increase the risk for incisors root resorp-
Aon [15]. Inflammatory response to the applied 
orthodonAc force is the main concept for or-
thodonAc tooth move causing bone remodel-
ing process and root surface resorpAon [19]. 

OrthodonAc forces should be as light as possi-
ble, since heavy orthodonAc force will totally 
occlude the blood supply and hyalinizaAon will 
occur and no further tooth movement occur 
[20]. Root resorpAon occurs through hyalinized 
Assue undermined removal [21].   
For the accuracy of FEA analysis failure criteria 
of analyzed material should be carefully se-
lected. since most of the tooth Assues (enamel, 
denAn, and cementum) are brifle material 
within a certain amount of plasAc deformaAon 
before failure ("ducAle-like" behavior) so Von 
Mises stress and Tresca shear stress are more 
fit for this material [22]. While for PDL, which is 
a connecAve Assue within vascular supply, both 
Von Mises stress and principal stress can be 
used, principal stress give more accurately 
qualitaAve results (compressive stress distribu-
Aon) [12]. 
For PDL the maximum tolerable stress (MTS) 
which represents the compressive stress limit 
that the PDL can withstand before structural 
damage occurs are (15-26 Kpa). The opAmal 
compressive stress for PDL is 26 kPa. If stress 
exceeds this value, it may lead to PDL fiber 
damage, bone resorpAon, or compromised 
funcAon [12]. 

In general, this research paper results were 
showed that; within PDL the compression 
stress in non-vital tooth model were slightly 
higher than those related to the vial model 
which increase the risk for associated root re-
sorpAon this may be due to the  removal of 
neurovascular pulpal system that lead to loss of 

neurotransmifers release which in turn results 
in a decrease in calcitonin gene-related pepAde 
(CGRP-IR) neuropepAdes which can affect a 
role cellular metabolism and external root re-
sorpAon [8,9]. 
This study results were show that, within PDL 
the compression and tensile stress were nearly 
like within lifle deformaAon this may be due to 
its viscoelasAc property, high regeneraAve ca-
pacity, high vascularity and intersAAal fluid 
content which contribute to the equalizaAon of 
mechanical stress through fluid movement 
[11].  
This study result was plofed in megapascal 
(MPa) which equivalent 1000 kilopascal (Kpa), 
we can see for vital teeth only the TranslaAon 
orthodonAc tooth movement resulted in PDL 
compression stress higher than MTS suggesAng 
ischemic and resorpAve risks occurrence. 
While for non-vital teeth this risk appeared in 
both RotaAon and TranslaAon orthodonAc 
tooth movement. For both vital and non-vital 
model all remaining orthodonAc tooth move-
ment tooth induce no risk for inflammatory re-
sorpAon snice their compressive stress was lay 
below the opAmal PDL maximum tolerable 
stress (MTS). 
For the four anterior teeth during applicaAon 
of different orthodonAc tooth movement, this 
study was showed that, tensile stress values 
were higher than compression for both vital 
and non-vital model within applicaAon of dif-
ferent orthodonAc tooth movement (Extru-
sion, Intrusion Tipping, rotaAon and, transla-
Aon); since the enamel and denAn are both an-
isotropic (direcAon-dependent) and act like 
brifle materials. Brifle materials (such as ce-
ramics, glass, and enamel) are much stronger 
in compression than in tension. So, the teeth 
will resist compression befer and the stress 
appear to be concentrated more in tension 
zones, making tension stress greater than com-
pression stress and this can lead to microcracks 
and fractures. Previous Studies showed that, 
the maximum compressive stresses of the 
enamel, and denAn, specimens were 62.2 ± 
23.8, and 193.7 ± 30.6, MPa, respecAvely [23]. 
UlAmate tensile strength of denAne was 104 
MPa 24 while for enamel 46.9±13.7 MPa.25 The 
all-recorded values in this study were below 
these opAmal values that the tooth can with-
stand before failure occur. TranslaAon move-
ment produced the highest von Mises stress in 
both vital and endodonAcally treated teeth, 
with vital teeth showing the greatest stress 
magnitude. Clinically, this suggests that bodily 
tooth movement may carry a higher risk of PDL 
ischemia and external root resorpAon, mainly 
when applied to endodonAcally treated teeth. 
AddiAonally, even when opAmal orthodonAc 

forces were used; non-vital teeth demon-
strated increased suscepAbility to potenAally 
harmful PDL compression stresses during both 
rotaAon and translaAon movements. 
This study has several limitaAons inherent to fi-
nite element study. Individual anatomical vari-
aAons, such as differences in root morphology, 
bone density, and periodontal ligament thick-
ness, were not considered. Moreover, the con-
structed models assumed to be homogeneous, 
isotropic, and linearly elasAc material proper-
Aes for dental and periodontal Assues, which 
may not fully represent their complex biologi-
cal behavior. AddiAonally, the simulaAons eval-
uated iniAal stress distribuAon under staAc 
loading condiAons and did not account for 
Ame-dependent biological responses, force de-
cay, or bone remodeling during orthodonAc 
treatment. Therefore, the results should be in-
terpreted as indicaAve of relaAve stress pat-
terns rather than direct predictors of clinical 
outcomes. 
	
Conclusion	
When opAmal force was maintained during or-
thodonAc tooth movement, finite element 
study was showed that; for vital teeth only the 
TranslaAon orthodonAc tooth movement re-
sulted in PDL compression stress higher than 
MTS suggesAng ischemic and resorpAve risks 
occurrence. While for non-vital teeth this risk 
appeared in both RotaAon and TranslaAon or-
thodonAc tooth movement. For both vital and 
non-vital model all remaining orthodonAc 
tooth movement tooth induce no risk for in-
flammatory resorpAon snice their compressive 
stress was lay below the opAmal PDL maximum 
tolerable stress (MTS). These findings empha-
size the importance of careful force selecAon 
and biomechanical planning when orthodonAc 
treatment involves endodonAcally treated 
teeth. Clinicians should consider using lighter 
forces, staged or controlled mechanics, and 
closer radiographic and clinical monitoring—
especially during rotaAon and translaAon 
movements—to minimize the risk of adverse 
periodontal and root responses. Overall, this 
study supports the need for individualized or-
thodonAc mechanotherapy protocols for endo-
donAcally treated teeth to enhance treatment 
safety and improve long-term prognosis. 
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Table 1. ElasAc properAes of materials. 

Material Young's modulus, E (GPa) Poisson raAo (v) 

PDL 0.0667 0.49 

CorAcal bone 14.5 0.323 

Trabecular bone 1.37 0.3 

GPa, Gega pascal. 
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Table 2. Von mises stress, Compression stress, Tension stress and, DeformaAon for the four vital anterior teeth and their related periodontal ligament 
during different orthodonAc force (Extrusion, Intrusion Tipping, rotaAon and, translaAon. 

N, newton. MPa, Megapascal. Mm, millimeter. 
 

Table 3. Von mises stress, Compression principal stress, Tension principal stress and, DeformaAon for the four non- vital anterior teeth and their re-
lated periodontal ligament during different orthodonAc force (Extrusion, Intrusion Tipping, rotaAon and, translaAon. 

N, newton. MPa, Megapascal. Mm, millimeter. 
 

 
 
 
 
 

OrthodonAc move-
ment  

Von mises stress    
(MPa ) 

Compression stress (MPa) Tension stress ( MPa ) DeformaAon   (Mm) 

Teeth PDL Teeth PDL Teeth PDL Teeth PDL 

Extrusion 0.6 N 5.028 0.001803 0.859 0.00433 6.19 0.00474 0.01621 0.00973 

Intrusion 0.2 N 1.676 6*-4 0.388 0.00129 1.542 0.00195 0.005403 0.00324 

Tipping 0.6 N 9.1 0.004324 2.11 0.01423 11.59 0.01624 0.04944 0.02349 

RotaAon 0.6 N 15.9 0.008753 3.86 0.02287 19.3 0.02941 0.08611 0.0412 

TranslaAon 1.2 N 24.36 0.01639 14.33 0.033 39.8  0.063 0.1457 0.078 

OrthodonAc move-
ment  

Von mises stress 
(MPa) 

Compression stress 
(MPa) 

Tension stress 
(MPa) 

DeformaAon  
(Mm) 

Teeth PDL Teeth PDL Teeth PDL Teeth PDL 

Extrusion 0.6 N 4.86 0.001843 0.776 0.00486 6.013 0.00491 0.01703 0.009681 

Intrusion 0.2 N 1.62 6.142*-4 0.398 0.001318 1.455 0.002155 0.005678 0.003227 

Tipping 0.6 N 7.976 0.004461 1.94 0.01448 10.32 0.01644 0.0500 0.02361 

RotaAon 0.6 N 14.44 0.00765 3.32 0.02856 19.29 0.03228 0.09954 0.04702 

TranslaAon 1.2 N 22.3 0.016  9.3 0.04045 29.85 0.07136 0.1666 0.08603 
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Figure 1. Different view of the 3D model of four maxillary anterior teeth and their related structure, created by Auto CAD (2010) 
based on CBCT data. 
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Figure 2. Flow diagram for finite element study protocol, that plot orthodonAc force stresses distribuAon for vital and endodonA-
cally treated maxillary central incisor. 
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Figure 3. First column (A) represents Von mises stress for the four vital anterior teeth during different orthodonAc tooth movement 
that are Extrusion, Intrusion, Tipping, RotaAon and, TranslaAon respecAvely from up to down. Second column (B) represents prin-
cipal stress for the four vital anterior teeth during different orthodonAc tooth movement that are Extrusion, Intrusion, Tipping, 
RotaAon and, TranslaAon respecAvely from up to down. Third column (C) represents DeformaAon for the four vital anterior teeth 
during different orthodonAc tooth movement that are Extrusion, Intrusion, Tipping, RotaAon and, TranslaAon respecAvely from 
up to down. The fourth column (D) represents Von mises stress for the periodontal ligament for the four vital anterior teeth during 
different orthodonAc tooth movement that are Extrusion, Intrusion, Tipping, RotaAon and, TranslaAon respecAvely from up to 
down. The fi_h column (E) represents principal stress for the periodontal ligament for the four vital anterior teeth during different 
orthodonAc tooth movement that are Extrusion, Intrusion, Tipping, RotaAon and, TranslaAon respecAvely up to down. The sixth 
column (F) represents DeformaAon for the periodontal ligament for the four vital anterior teeth during different orthodonAc tooth 
movement that are Extrusion, Intrusion, Tipping, RotaAon and, TranslaAon respecAvely from up to down. 



  OpAmizing OrthdonAc Force for an EndodonAcally Treated Maxillary Central Incisor 

Vol 14, No 1 (2026)    DOI 10.5195/d3000/2026.1160 

	

	http://dentistry3000.pitt.edu	
9	

Figure 4. First column (A) represents Von mises stress for the four non-vital anterior teeth during different orthodonAc tooth 
movement that are Extrusion, Intrusion, Tipping, RotaAon and, TranslaAon respecAvely from up to down. Second column (B) 
represents principal stress for the four non-vital anterior teeth during different orthodonAc tooth movement that are Extrusion, 
Intrusion, Tipping, RotaAon and, TranslaAon respecAvely from up to down. Third column (C) represents DeformaAon for the four 
non vital anterior teeth during different orthodonAc tooth movement that are Extrusion, Intrusion, Tipping, RotaAon and, Trans-
laAon respecAvely from up to down. The fourth column (D) represents Von mises stress for the periodontal ligament for the four 
non- vital anterior teeth during different orthodonAc tooth movement that are Extrusion, Intrusion, Tipping, RotaAon and, Trans-
laAon respecAvely from up to down. The fi_h column (E) represents principal stress for the periodontal ligament for the four non 
vital anterior teeth during different orthodonAc tooth movement that are Extrusion, Intrusion, Tipping, RotaAon and, TranslaAon 
respecAvely up to down. The sixth column (F) represents DeformaAon for the periodontal ligament for the four non vital anterior 
teeth during different orthodonAc tooth movement that are Extrusion, Intrusion, Tipping, RotaAon and, TranslaAon respecAvely 
from up to down.  
 
	


