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Introduction
One of the main components of the TMJ is the mandibu-

lar condyle as it connects the mandible, the only bone of 

the craniomandibular complex that moves, to the tempo-

ral bone by the TMJ. Therefore, the mandibular condyle 

position has been advocated by several authors to be a 

main factor of equilibrium of the masticatory system and 

its ideal position has been a very controversial issue du-

ring the past years.

Several hypotheses have been proposed from the most 

retruded position of the condyle in the glenoid fossa to 

the most superior, to the current most anterosuperior 

position with the disk in between (1-3). In the meanti-

me, the relationship between changes in condylar posi-

tion and the presence of temporomandibular disorders 

(TMD) is also very controversial within the scientific 

community (4-7).

As there is some evidence suggesting the influe nce of 

dental occlusion on the mandibular condyle position, it 

is easily understood the importance of determining the 

condyle position to perform complex rehabilitations and 

orthodontic treatments (6). According to Hidaka et al. 

(8) 38,7% of orthodontic patients suffer of a degree of 

condylar displacement that may jeopardize the treatment 

plan (8). Therefore, it becomes very clear the importan-

ce of including the determination of condyle position 

during orthodontic diagnostic procedures.

There are several methods described in the literature to 

determine condylar position, including radiographic te-

chniques (9-12). Although, only with the introduction of 

the evaluation of the TMJ in Laminographies suggested 

by Robert Ricketts, it became possible to radiographica-

lly quantify the joint space measurements and determine 

the condyle position (9).

Since then, the evolution of radiology has allowed to 

perform three-dimensional analysis of the structures and 

accurately determine several measurements, including 

TMJ spaces on computed tomography (CT), cone-beam 

computed tomography (CBCT) and magnetic resonance 

imaging (MRI) (13-18). Many studies have been perfor-

med to determine condyle position, both on the sagittal 

and coronal plane, using mainly CT and CBCT as these 

exams are more common in dental practice.

The aim of this study is to perform a systematic review 

of the literature and meta-analysis concerning the coro-

nal joint spaces to defin

e

 the ideal  cor onal  joi nt  spaces.

Material and Methods 
-Information sources and search strategy

A comprehensive electronic database search to identify 

relevant publications was conducted, and the referen-

ce lists in relevant articles were searched manually for 

additional literature. No language restrictions were set 

although no attempt to explore the informally published 

literature was made. The following databases were sear-

ched: Medline (Pubmed), Lilacs, Scopus, Ebsco (Host 

by University of Porto), Cochrane Central Register of 

Controlled Clinical Trials.

A search was performed with the terms “condylar posi-

tion”; “joint space”AND”TMJ” with no year of publica-

tion restriction in order to include the highest number of 

articles (to 22 April 2014). No restriction to study design 

was applied.

Faculty of Dental Medicine of University of Porto and 

Portuguese Society of Dentofacial Orthopedics’ libraries 

were also consulted for printed articles not available on-

line.

-Selection criteria

At the firs t  stage, two reviewers independently screened 

the titles of the retrieved records, and only the titles re-

lated to temporomandibular joint spaces were included. 

Next, the abstracts of the retrieved publications were read 

by the two reviewers and categorised according to the 

method used to determine condylar position. An article 

had only to be justifie

d

 by one reviewer to be included 

in the second selection phase. Eligibility of the retrieved 

articles was determined by applying the following inclu-

sion criteria: (1) tomographic examination of the TMJ 

(2) determination of coronal joint space measurements 

at least on two different points.

The main reasons for exclusion were: mandible frac-

tures, studies not performed in living humans, surgical 

interventions, studies with patients with syndromes or 

chronic diseases (including degenerative pathology of 

the TMJ), examination of the condylar position only 

with clinical methods, 2D radiographs or magnetic re-

sonance imaging, orthodontic or splint therapy, samples 

containing only patients in the primary or mixed/ early 

permanent dentition, case reports, discussion or debate 

articles. All not published studies were also excluded.

The analysis was based on primary materials. When an 

abstract was considered by at least one author to be re-

levant, it was read in full text. At the second stage, the 

full texts were retrieved and critically examined. Refe-

rence lists from the articles selected on the second stage 

were screened and articles related to condylar position 

assessment by joint space measurements were hand-

searched. Book chapters and reviews were excluded 

since the aim of this systematic review was to evaluate 

primary studies.

-Data treatment

The following data were extracted from the selected ar-

ticles: year of publication, study type, study method, 

sample description, joint space measurements on the co-

ronal plane, error analysis method, statistical analysis and 

author’s conclusion. One reviewer author then extracted 

the mentioned data from the included articles and the 

second author checked. Any disagreement was resolved 

with discussion between the two authors until a consensus 

was reached. The risk of bias was assessed according to 
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the “Cochrane risk of bias tool” (19) as suggested by the 

“PRISMA statement for reporting systematic reviews and 

meta-analyses of studies that evaluate health care inter-

ventions: explanation and elaboration” (20).

-Meta-analysis

The values studied in this meta-analysis were the coro-

nal joint space measurements (medial, superior and late-

ral joint space) and the differences between the right and 

left joints. As not all the included articles presented the 

values for all the spaces from the right and left joints, the 

analysis were performed including all the data presented 

in each selected study. For the comparative analysis bet-

ween the right and left joints, mean and standard devia-

tion values from the samples of each article were used. 

For global joint space assessment, mean and standard 

deviation of the total sample (including both the values 

from the right and left joints) were used.

The restricted maximum-likelihood (REML) method 

was used to estimate de variability between the studies. 

Inverse variance method was used to assess the weight 

of each study (21).

Heterogeneity was determined using the Q Cochran Test 

and the I² statistics by Higgins and Thompson (21).

Statistical analysis was performed using “R”, version 

2.15.2 from “The R Project for Statistical Computing”, 

available from http://www.r-project.org.

Results
-Search results

From the initial search strategy 916 articles were retrie-

ved from Medline (Pubmed), 1114 from Scopus, 158 

from EBSCOhost, 19 from Lilacs and none from the 

Cochrane Central Register of Controlled Clinical Trials. 

The number of articles reviewed in each phase of this 

systematic review is presented in the PRISMA. After 

excluding 978 duplicates, 1230 articles remained for re-

view. In the firs t  phase selection, the observers screened 

the articles by reading titles and abstracts. Articles that 

were not eligible because of irrelevant aims and were 

not directly related to this systematic review were ex-

cluded, thus 61 articles remained for further reading. 28 

articles were assessed for eligibility. After screening all 

the articles full text according to the inclusion/ exclusion 

criteria, 4 (10,22-24) articles classifie

d

 for  fina

l

 revi ew .

-Type of study and method used to determine joint space 

measurements

No randomized clinical trials (RCTs) have been perfor-

med on coronal joint spaces of the TMJ. A prospective 

study (23) and two retrospective studies (22,24) have 

been found meeting the eligibility criteria. A prospective 

and retrospective study was also found (10). Three of the 

retrieved articles (22-24) performed cone-beam compu-

ted tomography (CBCT) to obtain the 3D images of the 

TMJ, while Christiansen et al. (10) used CT images.

Dalili et al. (22) measured the distance from the most 

prominent medial and lateral poles of each condyle to 

the intersection point of two tangent lines from the dee-

pest point of the glenoid fossa to the respective medial 

and lateral slopes. In the meantime, Ikeda et al. (24) di-

vided the mediolateral width of the condyle in sextants 

in the coronal view and projected the midpoint perpen-

dicularly to the true horizontal line (THL) to its surface 

to find  the central coronal point. The medial and lateral 

coronal points derived from lines perpendicular to the 

THL extending from the junction of the medial or late-

ral firs t  and second sextants, respectively. The shortest 

distances from the medial, central and lateral points to 

the fossa were then measured. At last, Henriques et al. 

(23) identifie

d

 the most medial and lateral points of the 

condyle and draw a line and its midpoint was considered 

to trace another line at 90 degrees and two other at 45 

degrees laterally and medially respectively. The inter-

section point of these lines with the condyle surface and 

the glenoid fossa were determined and the distance in 

between measured.

Christiansen  et  al.  (10)  measured  the  closest distance  

between the  most  centred  and  superior  point  of  the 

condyle (CJS) and the most medial point of the condyle 

(MJS) to the glenoid fossa.

-Quality assessment

The summary of the quality assessment of the reviewed 

articles is on table 1.

Globally, the statistical analysis performed on each case 

were adequate to the goals of the research. However, 

only one article (22) presents normality tests in order 

to determine  the statistical tests to apply. On the other 

three studies (10,23,24) it is not possible to evaluate the 

validity of the statistical tests applied (T Student and 

ANOVA) as they were used in small samples with no 

information about the normality of the data. One of the 

selected articles (23) does not present the correlation 

coeffic

i

ent  used. None of the studies reports estimation 

of the sample size and method error analysis was only 

performed on one study (22). In summary, all of the re-

trieved articles were classified  as low level of evidence 

according to the “Cochrane risk of bias tool”.

-Meta-analysis

The four articles included on the review were used in 

this meta-analysis. For the medial joint space, the four 

studies presented the mean values, although the same 

was not true for the lateral joint space, as Christiansen 

et al. (10) did not measure this space. Similarly, Dalili et 

al. (22) did not consider the superior joint space.

The mean medial, lateral and superior joint space va-

lues assessed with this meta-analysis were 2.94 mm, 

2.16 mm and 2.55 mm respectively (Figs. 1-3). High 

heterogeneity was found among the four articles: (Q(3) 

= 60.37; P<0.001; I2 = 95.73%) for the MJS; (Q(2) = 

31.55; P<0.001; I2 = 92.20%) for the LJS; (Q(2) = 7.16; 

P=0.028; I2 = 72.53%) for the SJS.
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Estimate of 

sample size

Sample 

description

Error 

analysis

Normality 

tests

Adequate 

statistics 

provided

Randomization Statistical 

analysis

Level of

evidence

1(22) No/ Not 

known

Yes No Yes Yes No Adequate Low

2(24) No/ Not 

known

Yes Yes No information Yes No Adequate Low

3(23) No/ Not 

known

Yes No No information Yes No Adequate Low

4(10) No/ Not 

known

Yes No No information Incomplete* No Adequate Low

Table 1. Summary of the quality assessment of the four retrieved articles.

*level of significance unclear.

Fig. 1. Mean medial joint space value and for each study and mean difference between me-

dial joint space between right and left joint and for each study.

Fig. 2. Mean lateral joint space value and for each study and mean difference between lateral joint 

space between right and left joint and for each study.
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Fig. 3. Mean superior joint space value and for each study.

The mean differences between the right and left joints 

are close to zero both to the medial and lateral joint spa-

ce (Figs. 1,2). However, these values are based only on 

two studies (22,23) as the remaining do not present the 

values for each joint separately. Concerning the superior 

joint space, the values of each joint separately is pre-

sent only on the study of Henriques et al. (23), being the 

mean difference of 0.35 mm (95% CI: -0.17, 0.87). The 

heterogeneity analysis shows that the difference values 

are homogeneous both to the medial and lateral joint 

space.

Discussion
Joint space measurements have been used to assess the 

mandibular condyle position radiographically since Ric-

ketts used this method in laminographies (9). Since then, 

the technology has evolved so much that it is now possi-

ble to assess the joint space in 3D radiographic imaging 

with CT, CBCT and MRI. Therefore, a systematic review 

to assess the relevance of these methods and their scien-

tific evidence is necessary. In the present study, all the 

articles about joint space assessment on 2D radiographic 

examination of the TMJ were excluded as these methods 

have proven lower accuracy both in the image acquisi-

tion process and in measurements, than 3D radiographic 

methods (18). MRI was also excluded because this exam 

is not indicated to assess hard structures and, as both the 

mandibular condyle and the glenoid fossa that limit the 

joint space are mainly bone and cartilage, this is not the 

best exam for accurately determine joint space measure-

ments (25). Furthermore, all the articles including exten-

sive treatment that could significantly influence the joint 

space, like orthodontic treatment and splint therapy, have 

been excluded. Finally, studies with samples exclusively 

on the mixed and early permanent dentition were exclu-

ded as the mandibular condyle is not completely formed 

before the end of the growth, usually between 15 to 16 

years old. The exclusion of studies that only assessed the 

joint space in less than two separate points of the TMJ 

was due to the definition of the position of an object in 

space depending on three coordinates. According to this, 

the analysis of the joint space only on one point does not 

provide enough information to determine the position of 

the mandibular condyle in the glenoid fossa.

The review enhanced the lack of studies about coronal 

TMJ space analysis with tomographic imaging as only 

four articles matched the eligibility criteria. Furthermo-

re, the retrieved studies present small samples which de-

termine that its results should be read with caution.

As all the studies were classifie

d

 as low level of evidence 

according to the “Cochrane risk of bias tool” the authors 

suggest the need to perform more studies with structured 

methodology that lead to more solid conclusions.

A meta-analysis of the results of the four retrieved arti-

cles was performed. However, the authors are aware that 

its results should be carefully interpreted as it is based on 

few studies with low level of evidence.

According to the attained values, the mean MJS, LJS and 

CJS were 2.94 mm, 2.16 mm and 2.55 mm respectively. 

However, the analysis also showed high heterogenei-
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ty that reduces significa nt ly the power of these values. 

Therefore, more research is needed in order to achieve 

more homogeneous values that allow direct comparison 

of results and solid conclusions.

On the contrary, homogeneity was found among the di-

fference between right and left joint, which suggests the 

absence of statistically significant differences between 

both sides. However, this analysis was only based on two 

studies and should not be considered a strong conclusion. 

Conclusions
The conclusions of this systematic review and meta-

analysis concerning the coronal joint space measure-

ments are:

- Lack of scientific

 

evidence, as all the retrieved articles 

were of low level of evidence;

- The meta-analysis suggest the following mean values 

for the coronal joint spaces: 2.94  mm MJS, 2.16 mm 

LJS and 2.55 mm CJS;

- High heterogeneity among the studies;

- Suggestion of the absence of statistically significa nt  

differences between the coronal joint space of the right 

and left joints.
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Introduction
Class II malocclusion may be caused by dental or skele-

tal maxillary protrusion or both. Patients with Class II 

malocclusion and the hyperdivergent phenotype usually 

suffer a variable combination of skeletal and dentoal-

veolar changes in the three spatial planes. They also 

have retrognathic mandibles, long posterior and anterior 

dentoalveolar facial heights, increased gonial angles and 

mandibular planes, among other changes (1,2).

The most common and least invasive approach in the 

early treatment of this condition has been using high pull 

extraoral force when maxillary displacement restriction, 

distalization, and maxillary molar intrusion are impor-

tant goals for sagittal and vertical correction and facial 

profil

e

 imp r oveme nt  (3- 1 1).

Nevertheless, several studies have reported unwanted 

effects of using functional appliances combined with 

extraoral forces for vertical control, namely, the partial 

restriction of the maxilla’s anterior displacement, increa-

sed anteroinferior facial height, and posterior rotation of 

the mandible however, those studies are not consensual 

(8,12-14).

In hyperdivergent Class II malocclusion treatment, 

understanding the tridimensional (3D) effects of bio-

mechanical stress transmitted to the maxilla, namely 

to teeth and mid-facial skeletal structures, is crucial to 

identify the best force line of action for better vertical 

control at the maxillary level.  

Few studies focused on explaining the effects of the 

dissipation of biomechanical stress transmitted to the 

maxilla by functional appliances combined with extrao-

ral forces used in hyperdivergent Class II malocclusion 

treatment (15,16). 

The use of fini te element analysis FEA has been a use-

ful tool in the evaluation of biomechanical effects, such 

as displacements, strains and stresses induced in living 

structures by external forces and is considered an asset 

in predicting the effects of orthodontic treatment (17-

20).

Therefore, this study aimed to use fini te element analy-

sis FEA to compare, in these patients, the biomechanical 

effects of stresses transmitted to the maxilla by a Teus-

cher activator (TA) with different directions of the ex-

traoral force. 

 

Material and Methods 
-Model Config

u

r at ions :  Ma xi lla and Teeth 

A 10-year-old female patient with Class II, division 1 

malocclusion and a hyperdivergent Class II skeletal pat-

tern was selected for this study. She had not been subjec-

ted to any previous orthodontic treatment. A dentulous 

human maxilla obtained from the Grab CAD database 

was used as a reference.  

A 3D computer-aided design (CAD) model of the pa-

tient’s maxilla, including teeth, was created based on 

images of the patient obtained from DICOM (digital 

imaging and communication in medicine) data in com-

puted tomography (CT) format. The use of these images 

to create the model was approved by the Ethics Commi-

ttee of the Faculty of Dental Medicine of the Porto on 

May 5, 2018, under registration number 527. The model 

had to be adjusted to the patient’s dimensions for agree-

ment between the numerical model and the clinical case. 

Measurements were made on the physical model using a 

dial-caliper (Absolute Digimatic, Mitutoyo). 

The model was then processed using the CAD softwa-

re SolidWorks® (Dassault Systems SolidWorks Corp., 

Concord, MA, EUA), and all CAD data were adapted 

to the patient’s anatomy. This study focused on the 

maxillary region, limited superiorly by the orbital floo r  

and posteriorly by the pterygomaxillary suture. The fi-

nal model was composed of the maxilla, the skull base 

(zygomatic, nasal, and sphenoid), the incisors, and the 

maxillary firs t  molars. Due to the patient’s age, the per-

manent premolars were absent at treatment onset. 

-Model Configu r at ions :  Teuscher Activator and Face 

Bow 

 A (TA) combined with a face bow was incorporated in 

the maxillae and teeth’ anatomical model to represent 

clinical conditions. A 3D model of the (TA) and face 

bow was developed using the SolidWorks® software, 

based on images of the physical model and measure-

ments obtained with the dial-caliper. 

The (TA) consists of an acrylic monobloc that surrounds 

the whole occlusal and palatal aspects of teeth up to the 

distal level of the maxillary firs t  molar and about 2 mm 

of their buccal aspect. Superiorly, at the palate level, it 

has a Coffin

 

spring made of steel wire (diameter: 0.09 

mm). Its anterior maxillary portion has four springs 

made of steel wire (diameter: 0.08 mm) to offer torque 

to the maxillary incisors and some retention to the (TA) 

when inserted in the dental arch. Laterally, at the level of 

the primary second molar, two metallic tubes attached to 

the TA’s acrylic accommodate the face bow’s inner bow. 

The face bow consists of a stainless-steel arch (diame-

ter: 1.1 mm) with two bows: the inner bow and the ou-

ter bow. The inner bow enters a metallic tube laterally 

attached to the TA’s acrylic at the level of the primary 

second molar.

In our model, the outer bow assumed different angula-

tions, taking into account the center of resistance of the 

maxilla (CResM) and dentition (CResD), and five  diffe-

rent lines of action of extraoral force were applied. 

The (TA) was modeled as a simple acrylic bloc, and each 

incisal edge and cusp of the teeth was well inserted into 

the acrylic. The outer bow’s geometry, where force is 

applied (hooks), was modeled. However, to simplify the 

numerical simulation, hooks were not considered. 

Numerical studies were conducted using FEA simula-

ted in Abaqus® in the static time step regime to assess 
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stress distribution. The maxilla’s anatomical model and 

the (TA) with the face bow were imported to the FEA 

model and five  (fini te element) models were created to 

simulate the application of five  different force lines of 

action (Fig. 1).

Fig. 1: Finite element model where the force lines of action used for each of the five models are indicated (M1 (0°), M2 (15°), M3 

(30°), M4 (45°) and M5 (60°).

The finite element mesh included a total number of 37.326 

and 150.781 nodes and elements, respectively. In which 

145.313 linear tetrahedral elements of type C3D4, 4018 

linear quadrilateral elements of type S4R and 1.290 linear 

triangular elements of type S3 built the mesh. 

-Materials’ Boundary Conditions and Properties 

The mechanical properties of each part of the model 

were define d using young’s modulus and Poisson’s co-

effic

i

ent . Every material was assumed as homogeneous, 

isotropic, and linearly elastic. The boundaries of the bo-

ne’s cortical and cancellous layers, enamel, and dentin 

were not considered in this study to facilitate the crea-

tion of the fini te element mesh and simplify the model. 

Thus, a single value was used to represent both proper-

ties. The mechanical properties used for the teeth, bone, 

and (TA) have been reported in the literature (21) and 

are summarized in Table 1.

The (TA) and the face bow were considered a rigid body 

Material
Young’s 

Modulus (GPa)

Poisson’s 

Ratio

Bone 10 0.3

Teeth 20 0.3

Teuscher Appliance 200 0.33

Table 1: Mechanical properties of the materials: Young´s modulus 

and Poisson ś coefficient. 

and modeled as a single unit. Rigid bodies are particu-

larly effective for modeling relatively rigid parts of a 

model in Abaqus®, especially when the tissues’ mecha-

nical properties are significa nt ly inferior to those of the 

materials that compose them. 

The force’s magnitude was selected based on clinical si-

tuations, according to the literature (16).  A 4.4N (450 g) 

load was applied on each side of the geometric model, 

creating five  models to simulate five  different force lines 

of action (Model 1 (0°), Model 2 (15°), Model 3 (30°), 

Model 4 (45°), and Model 5 (60°) (Fig. 1).  

The model’s boundary conditions were set according to the 

junction between the maxilla and the cranial bone struc-

tures. Accordingly, the geometric model was fixe d on the 

maxillary (skull base) and posterior (pterygoid pillar) surfa-

ces, hence preventing displacement or rotation in any direc-

tion. Tight contact was assumed in the interfaces between 

the different parts of the model. Stress distribution in the 

five models studied was estimated by linear static analysis. 

A mesh convergence study was conducted based on the 

von Mises stresses (23). Von Mises stress results, esti-

mated at an approximate midpoint of the maxilla and in 

a uniform-stress region, converged as the mesh density 

increased. Considering the geometric complexity, the 

mesh convergence study allows evaluating the quality 

of the approximation obtained (Fig. 2). 

 

Results 
The objective of creating a maxillary biomechanical mo-

del to simulate Class II malocclusion treatment using a 

(TA) combined with a face bow was achieved. Von Mi-

ses equivalent stress was selected as the parameter for 

outcome evaluation (23). 
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Fig. 2: Finite element model: A. Mesh. B. Applied loads. C. Boundary conditions.

A CB

A color scale was used, where red colors indicate areas 

subjected to a high-stress peak, while blue colors re-

fle

c

t  stress levels close to zero. The main focus of the 

results was the concentration of stress transmitted to 

the maxilla by the (TA) with five  different force lines 

of action (Fig. 1).

The results showed that different force lines of action 

interfered with stress distribution in the bone structures 

(Table 2). In every model tested, the highest stress con-

centration was found in the frontal region. The maxilla’s 

anterior region, near the incisor foramen, showed slight 

stress dissipation through the palate in the anteroposte-

rior direction. This stress distribution pattern was found 

Maximum von M ises stress values (M Pa) 

 Teeth Maxilla 

  Model 1 (0°) 0.18310 0.22400 

Model 2 (15°) 0.14285 0.43779 

Model 3 (30°) 0.13956 0.59886 

Model 4 (45°) 0.14307 0.72114 

Model 5 (60°) 0.16438 0.80412 

Table 2: Maximum von Mises stress values.

Fig. 3: Von Mises stress distributions obtained from different models by FEM, values are in MPa.

in every model, but the maximum stress intensity varied 

(Fig. 3, Table 2).  

Model 5 (60°) induced the highest stress concentration, 
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as observed in (Fig. 3). Conversely, stress concentration 

was lowest in Model 1 (0°). Stress increased progressi-

vely when the force line of action moved in a posteroan-

terior direction. Model 1 (0°) showed that stress concen-

tration was highest at the molars, the nasal bone (nasal 

septum and pyriform aperture limits), and the pterygoid 

fossa. Despite showing the lowest stress concentration, 

this model showed increased stress distribution in an 

anteroposterior direction. In Model 2 (15°), the highest 

stress concentration occurred at the molars, and stress at 

the incisors was higher than in Model 1 (0°). However, 

stress concentration at the nasal septum was lower. In 

Model 3, stress concentration was highest at the molars. 

Stress at the incisors was higher than in the previous 

models and was distributed in the frontal region. Mo-

dels 4 (45°) and 5 (60°) had similar stress distribution 

areas, but Model 5 (60°) showed the greatest distribution 

area and the highest stress levels compared to the other 

models. Due to force application, stress distribution was 

more similar between Models 1 (0°) and 2 (15°) and be-

tween Models 4 (45°) and 5 (60°), (Fig. 3). 

Regarding individual dentoalveolar tooth behavior, re-

sults show higher stress at the incisors and molars than 

at the support region.  

Although the applied force’s magnitude was similar in 

every model, in Models 1 (0°) and 2 (15°), molars su-

ffered greater distal displacement and incisors showed 

extrusion. In Model 3 (30°), the force line of action 

promoted distal displacement of molars and incisors. In 

Models 4 (45°) and 5 (60°), the whole maxillary anterior 

sector showed counterclockwise displacement (Fig. 4). 

Fig. 4: Displacement magnitude profiles captured on deformed and undeformed shape for different models extracted from FEM, 

values are in mm.

Discussion 
FEA is based on a mathematical model whose geometry 

and boundary conditions are similar to the structure’s 

ones and considers the mechanical properties of each 

component of the model. It is basically a numerical cal-

culation tool that divides continuous bodies into discrete 

elements – fini te elements, with mechanical properties 

close to those of the tissues they represent. The results’ 

approximation depends inversely on the size and num-

ber of elements, which is why the convergence analysis 

was conducted von Mises. FEA may be useful to opti-

mize oral structures and predict orthodontic treatments 

since in-vivo studies are difficu l t, time-consuming, and 

expensive. Moreover, numerical simulation has been re-

ported as an effective tool for assessing the effects of 

different orthodontic appliances (17,18,20).

Force application in the maxilla creates differential stres-

ses that may influe nce maxillary growth, thus being con-

sidered a valid approach for growing hyperdivergent pa-

tients with Class II malocclusion and associated maxillary 

protrusion (11,13,24). The effects of stress transmitted to 

the maxilla in this type of hyperdivergent Class II maloc-

clusion treatment are extremely important but have been 

little studied. Thus, this study implemented FEA to assess 

the distribution of stress transmitted to the maxilla (teeth 

and maxillofacial complex) by a (TA) combined with five  

different lines of action of extraoral force. 

Some parameters, including the force’s magnitude, point 

of application, and line of action, must be considered for 

obtaining excellent results when using extraoral forces 

(25,26-28).
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Bowden et al., (25) in 1978, confirm e d the importance 

of knowing the point of force application to better un-

derstand changes in palatal plane inclination. If the force 

vector passes through the maxilla’s center of resistance, 

no momentum is created, and the maxilla should not ro-

tate. However, if the force vector does not coincide with 

the maxilla’s center of resistance, the maxilla is expec-

ted to rotate. In that case, the direction and the momen-

tum created will depend on the shortest perpendicular 

distance between the force vector and the corresponding 

center of resistance.  

In 1986, Teuscher showed that, when a high - pull force 

whose line of action coincides with the maxilla’s cen-

ter of resistance (CResM) and the maxillary dentition’s 

center of resistance (CResD) is used, no rotations are ex-

pected, either by the maxilla or the maxillary dentition. 

However, if that force line of action passes between the 

CResM and the CResD, the maxilla rotates clockwise, 

and the maxillary dentition rotates counterclockwise. On 

the other hand, if the force line of action passes below 

the CResM and the CResD, both the maxilla and the 

maxillary dentition rotate clockwise (27).

In our study, a 4.4-N (450 g) force was applied on each 

side of the model with five  different lines of action to 

identify the one that better suited the maxillary vertical 

and sagittal control in hyperdivergent Class II malocclu-

sion treatment of a growing patient (26,27,29).

Using the extraoral force combined with the (TA) is 

particularly important because the forces are dissipated 

not only to the teeth but to every structure covered by 

the TA’s acrylic, contrary to what happens when the ex-

traoral force is applied directly on the bands placed on 

maxillary molars.  

In our study, despite all the maxillary dentitions being 

covered by the TA’s acrylic, the highest stress concentra-

tion was found at the level of the incisors and first molars. 

Some previous studies using FEA focused only on the 

application of high - pull extraoral forces directly on the 

maxillary first molars and showed some areas of stress on 

the root surface of the maxillary fir

s

t  mo l ar  (15, 16, 30) .

A study conducted by Maruo et al., (16) modeled the 

maxilla, the maxillary teeth, and the headgear but did 

not consider the activator. They detected the highest 

displacement of the maxillary firs t  molars with the low 

(cervical) pull, followed by the horizontal pull and the 

high pull. They also obtained greater intrusion of the 

maxillary firs t  molar with the high pull, contrary to what 

was observed in our study (16). However, in our study, 

the (TA) was also modeled, besides the bone and every 

tooth, at treatment onset. Overall, the dynamics of the 

structures represented in that study do not intimately 

coincide with those presented in our models. 

The materials’ properties considered in our study repre-

sent mean values that do not take into account the pa-

tient’s individual differentiation, age, gender, and diet. 

Moreover, the periodontal ligament was not considered 

to avoid any inconsistency and imprecision associated 

with modeling due to the differences between the perio-

dontal ligament and the bone’s mechanical properties. 

Despite these limitations, the results obtained in this 

study are extremely useful due to providing pertinent 

information for orthodontists and allowing the optimi-

zation of clinical procedures. In fact, the impact the di-

fferent force lines of action have on the clinical effect 

highlights the importance of this precise control to reach 

the results set in the treatment planning. 

In our study, Model 3 (30°) was the most consistent with 

the clinical objectives of hyperdivergent Class II maloc-

clusion treatment in a growing patient due to the pos-

terior displacement of the teeth and the nasomaxillary 

complex. Thus, anterior and inferior displacements were 

limited due to normal growth, contributing to the correc-

tion of the skeletal discrepancy because of promoting 

maxillomandibular differential growth. 

In Models 1 (0°), and 2 (15°), the force application re-

sulted in a clockwise displacement of the whole maxi-

llary complex, which is not desirable in hyperdiver-

gent Class II malocclusion treatment since it results in 

undesirable increased anteroinferior facial height. In 

Models 4 (45°) and 5 (60°) the maxillary complex ro-

tated counterclockwise with a posterior dental extrusion 

effect, which is not desirable in hyperdivergent Class II 

malocclusion treatment, as it promotes a posterior rota-

tion of the mandible or, conversely, a need for condylar 

distraction inside the joint to allow for adaptative dental 

intercuspidation. 

We hope that the present study promotes further studies 

that assess the effects of extraoral forces’ biomechanical 

stresses on both the maxilla and the mandible. 

 

Conclusions
In this study, a fini te element model was built to simula-

te the TA’s effects on hyperdivergent Class II malocclu-

sion treatment. The model was created based on a real 

anatomical geometry obtained by CT and the tissues’ 

mechanical properties reported in the literature. The tis-

sues were considered homogeneous and isotropic, and 

the analysis was conducted exclusively based on a linear 

elastic behavior. Considering the model’s limitations, 

the FEA allowed obtaining results consistent with the 

clinical practice ones. The same model was used to si-

mulate five  situations of extraoral force application, and 

the comparative analysis of the results allows some im-

portant conclusions: 

• Different lines of action of extraoral force combined 

with the Teuscher activator influe nce stress intensity 

and orthodontic and orthopedic force distribution in the 

maxilla. 

• Stresses increased progressively when the force line of 

action moved in a posteroanterior direction. 
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• The extraoral force’s line of action used in Model 3 

(30°) is the most compatible with the objectives of 

the hyperdivergent Class II malocclusion treatment in 

growing patients because it promotes displacement of 

the teeth and maxillary complex, promoting vertical 

control. 
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bone are some of the various designations used in the 

literature for this structure.

Lateral teleradiography and the respective 

cephalometry are one of the oldest and most important 

elements of study in orthodontics [12,13]. Cephalometric 

analysis allows us to assess the relationship between the 

diffe

r

ent  craniofacial structures, fundamentally with 

regard to their shape, dimension and position. In lateral 

cephalometry, the mandibular symphysis (MS) corresponds 

to the anterior region of the mandibular bone, which serves 

as the base for the incisor teeth. It presents itself in an 

image well delineated by the cortical bone that demarcates 

it with a very characteristic “drop” shape. This structure 

corresponds to the image of the mandibular body in its 

anterior curvature.

When analyzing the MS, we must take into account 

its shape, dimension and inclination, as these provide 

important information for the orthodontic diagnosis and 

prognosis of the treatment plan. In this context, the main 

objective of the study was to relate the height, thickness 

and inclination of the mandibular symphysis using the 

Class of Angle. As secondary objectives, this study intends 

to evaluate factors that influe nce mandibular symphysis 

morphology, as well as to establish the importance of 

incorporating symphysis analysis in orthodontic treatment.

Methods
The present study is observational, cross-sectional, 

exploratory and descriptive.

Three thousand randomly selected individuals from 

a population of orthodontic cases from an orthodontic 

clinic in Northern Portugal were analyzed. From these, 

we obtained a fina l  sample of 495 individuals who met the 

inclusion criteria.

Inclusion criteria: patients with initial records 

that: have not been subjected to any type of orthodontic 

treatment; protocol photographs; panoramic radiography 

and lateral teleradiography of the face; orthodontic exam. 

The lateral cephalograms had to have the mandibular 

symphysis clearly visible.

Exclusion Criteria: poor definition and quality of 

teleradiography; no cephalometric tracing; major oral 

rehabilitations; edentulous patients; absence of upper and/

or lower central incisors.

The DOLPHIN IMAGING® program was used 

for observation and calibration of teleradiographies and 

execution of the cephalometric tracing (according to 

Ricketts) and the MB RULER® program for measuring 

angles (in degrees - º) and distances (in millimeters - mm). 

These values were properly fill ed in an Excel® document 

for further statistical analysis.

The symphysis variables analyzed were:

- Height: vertical distance between point Is and the 

horizontal line that passes through Mentum Point (Me). 

- Width: distance between points Pogonion (Pog) 

and the most posterior point of the symphysis (L-Pog).

- Inclination: Angle that the line [Midpoint-

Mentum Point] makes with the mandibular plane.

Figures 1, 2 and 3 show how the symphysis 

variables were measured. 

Statistical analysis was performed using IBM® 

SPSS® version 25.0. The ANOVA methodology was used 

to compare the measures, and when significa nt  differ ences  

were detected, Tukey’s multiple comparison tests were 

used. The decision rule used consisted of detecting 

signific

a

nt  statistical evidence for probability values less 

than 0.05.

Ethical considerations: to carry out this study, 

facial cephalograms already existing in a clinical file  were 

used, so the present study does not present any risk, since 

nothing was carried out in patients. During the research, all 

the ethical rules described in the current legislation were 

considered, namely regarding the treatment and storage 

of data, where the confide nt ial ity of all information was 

guaranteed, and the data used are not identifiab l e to the 

patient.

Taking these facts into account, approval was 

requested from the Ethics Committee, from which a 

positive response was obtained.

Figures 1, 2 and 3. Symphysis variables (1-Height, 2-Width, 3- Inclination).



 

36 

 
  

Dental Medicine

MEDICINE AND PHARMACY REPORTS Vol. 95 / No. 4 / 2022: 446 - 454448 

Results
Statistical analysis of measurement error: to 

verify the degree of systematic differ ence between the 

measurements of the pair by the same examiner at two 

times, preceded by verification of the normal distribution, 

the t-student test for paired samples was used in 10% of 

a sample randomly selected from the set of 495 valid 

cases. The results are shown in table I. According to 

the results of the t-student test for paired samples, there 

are no signific

a

nt  differ ences in the mean values of the 

measurements at the two times.

Table I . Student t-test results for measurement error evaluation.

t gl p value Result

MS height 1.934 59 0.058 Not signific

a

nt

MS width -0.143 59 0.887 Not signific

a

nt

MS inclination -0.300 59 0.201 Not significa nt

The total sample consists of 495 cases, of which 

140 are male (28.3%) and 355 are female (71.7%), aged 

between 7.06 and 68.02 years.

Individuals from all Angle Classes were present 

in the sample: 224 Class I subjects (45.3%), 159 Class 

II Division (Div.) 1 subjects (32.2%), 34 Class II Div.2 

(6.9%), 42 Class III individuals (8.5%) and 36 undefine d 

individuals (it was not possible to define  their dental class).

Table II presents the sample characterization data 

in relation to the symphysis measures variables according 

to the Angle Class.

To compare symphysis measurements according 

to Angle Class, the ANOVA methodology was used 

to compare mean values between groups, and when 

signific

a

nt  differ ences were detected, Tukey’s multiple 

comparison tests were used. The results are summarized 

in table III. 

Table I I I . ANOVA results according to Angle Class.

gl F p value Result

MS height (4.488) 2.821 0.025 Significa nt

MS width (4.488) 2.691 0.031 Significa nt

MS inclination (4.488) 10.452 <0.0001 Significa nt

Tukey’s multiple comparison tests for significant 

results are shown in table IV.

From the results shown in table IV, significa nt  

diffe

r

ences were detected in the mean values in the pairs 

marked with (*). The profile graphs in figures 4, 5 and 6 

illustrate these results.

The height of the symphysis did not show 

signific

a

nt  di ffer

e

nces bet wee n t he t hree dent al classes.

The symphysis width was significantly greater in 

Class II Div.2 subjects.

The symphysis inclination was significantly lower 

in Class III subjects when compared to Class I subjects, 

and Class II Div.1 individuals had the highest MS 

inclination value. 

                                 Table I I . Summary statistics for measures according to Angle Class.

Angle Class N Mean Standard Dev. Min. Max.

MS height

Class I 226 31.49 3.59 21.46 43.13

Class II Div.1 159 31.31 3.74 22.68 38.69

Class II Div.2 34 31.81 2.97 23.48 38.82

Class III 41 31.91 4.32 24.64 40.86

Undefin

e

d 35 33.55 3.96 25.25 42.07

Total 495 31.64 3.72 21.46 43.13

MS width

Class I 226 14.05 1.85 8.82 23.56

Class II Div.1 159 14.18 1.95 9.72 19.78

Class II Div.2 34 15.05 1.64 11.12 18.56

Class III 41 14.26 2.20 10.22 23.36

Undefin

e

d 35 13.65 1.92 10.64 18.86

Total 495 14.15 1.92 8.82 23.56

MS 
inclination

Class I 226 76.00 5.46 62.44 89.13

Class II Div.1 159 77.61 6.82 26.96 89.03

Class II Div.2 34 73.95 5.24 66.08 87.57

Class III 41 71.57 5.33 62.00 82.80

Undefin

e

d 35 74.05 6.08 56.85 84.39

Total 495 75.87 6.18 26.96 89.13
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                       Table IV – Multiple comparisons according to the Angle Class.

(I ) Angle Class (J) Angle Class mean differ ence (I -J) p value

MS height (mm)

Class I

Class II Div.1 0.17119 0.992

Class II Div.2 -0.32445 0.989

Class III -0.42805 0.960

Undefin

e

d -2.06558* 0.019

Class II Div.1

Class II Div.2 -0.49564 0.954

Class III -0.59925 0.887

Undefin

e

d -2.23677* 0.011

Class II Div.2
Class III -0.10361 1.000

Undefin

e

d -1.74113 0.289

Class III Undefine d -1.63753 0,305

MS width (mm)

Class I

Class II Div.1 -0.12469 0.970

Class II Div.2 -0.99735* 0.037

Class III -0.20609 0.969

Undefin

e

d 0.40519 0.769

Class II Div.1

Class II Div.2 -0.87266 0.111

Class III -0.08140 0.999

Undefin

e

d 0.52988 0.570

Class II Div.2
Class III 0.79126 0.381

Undefin

e

d 1.40254* 0.020

Class III Undefine d 0.61128 0.632

MS inclination (º) 

Class I

Class II Div.1 -1.60818 0.071

Class II Div.2 2,.04689 0.336

Class III 4,.42607* 0.000

Undefin

e

d 1.95096 0.373

Class II Div.1

Class II Div.2 3.65507* 0.011

Class III 6.03425* 0.000

Undefin

e

d 3.55914* 0.013

Class II Div.2
Class III 2.37918 0.421

Undefin

e

d -0.09593 1.000

Class III Undefine d -2.47511 0.371

                         *significa nt  di ffere nces for a 5% s igni f ican

c

e l evel .

Figure 4. Mean values of symphysis height and respective 95% CI according to Angle’s Class.
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Figure 5. Mean values of symphysis width and respective 95% CI according to Angle’s Class.

Figure 6. Mean values of symphysis inclination and respective 95% CI according to Angle’s Class.

Table V presents the sample characterization data 

regarding the variables of the symphysis measurements, by 

sex (male and female) and in totality.

To assess whether there are differ ences in the mean 

measurements of male and female individuals, a t-student 

test was performed for the independent samples. The results 

of these tests are summarized in table VI.

According to these results, in terms of mean values, 

men have a signific

a

nt ly higher mean value than women in 

terms of symphysis thickness.
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Discussion
When analyzing the MS, its shape, dimension and 

inclination should be taken into account. Within the limits 

of variation, these are influenced by various factors, such 

as genetic factors, ethnicity, lower incisor inclination, and 

facial type [14-20]. 

The total sample consisted of 495 cases, with 71.1% 

females and 28.3% males. Regarding sexual dimorphism 

in the mandibular symphysis, men had a higher mean 

value for symphysis width than women (Table V), which 

is in agreement with the results obtained in other studies 

in which this parameter was analyzed [6,15,18,21-30]. 

In this research, men had an average width of 14.66 mm 

against 13.95 mm for females.

In the research by Yaser Khan et al. [11] the 

reported values were 13.00 mm for men and 11.81 

mm for women, corroborating the existence of sexual 

dimorphism in terms of width. According to Formby [31], 

in general, females showed lesser growth changes than 

males, and the latter have more changes in the total depth 

of the skeleton in the pogonion area, thus justifying the 

higher values of symphysis thickness. Lesrel et al. [32] 

justify the differences in width in relation to gender by 

a compensatory bone phenomenon (remodeling) [25]. 

On the other hand, Iuliano-Burns [33] justifies  the bone 

dimorphism in MS by the later growth in males and claims 

that the differences in bone width are partially established 

before puberty [34]. 

Regarding to height, although the differ ence was 

not statistically significa nt , there was also a differ ence  

among values, which was bigger in men than in women 

(Table V). In the present study, we obtained mean 

values of 32.22 mm for men and 31.43 mm for women. 

Compared with a study by Yaser Hamed Khan et al. [11] 

that evaluated the dimensions of the chin, and where the 

same method to analyze the height of the symphysis was 

used, the results they obtained were 28.95 mm for men 

and 28.31 mm for women. Both studies found a higher 

height symphysis in males compared to females.

Between the three dental classes, the height of 

the symphysis did not show significant differences, even 

though class III individuals were the ones with higher 

values. These results are in agreement with the results of 

other studies, which report that these individuals present 

greater vertical growth and that it is associated with an 

increase in cortical bone thickness [35,36]. 

Regarding the Angle Class, the height of the 

mandibular symphysis did not show significa nt  differ ences  

between the three dental classes (Table IV, Figure 4). 

The symphysis width was significa nt ly larger in Class 

II Div.2 individuals (Table IV, Figure 5). The inclination 

of the symphysis was significa nt ly lower in individuals 

with dental   Class III when compared to individuals 

with Class I. Individuals with Class II Div.1 had a bigger 

                                     Table V. Summary measurements of the symphysis measurements.

Male Female Total

MS height

Mean 32,22 31,43 31,65

Median 32,74 31,49 31,73

Standard Deviation 4,51 3,37 3,74

Minimum 22,84 21,46 21,46

Maximum 43,13 42,43 43,13

MS width

Mean 14,66 13,95 14,15

Median 14,57 13,82 14,08

Standard Deviation 2,08 1,81 1,92

Minimum 8,82 9,68 8,82

Maximum 23,36 23,56 23,56

MS inclination

Mean 76,42 75,63 75,85

Median 76,63 75,69 76,00

Standard Deviation 5,94 6,28 6,19

Minimum 56,85 26,96 26,96

Maximum 88,57 89,13 89,13

                                   Table VI . Results of the t-student test for symphysis measurements according to sex.

t gl p value Result

MS height 1,871 203,358 0,063 Not signific

a

nt

MS width 3,756 492 <0,0001 Significa nt

MS inclination 1,279 492 0,201 Not significa nt
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inclination of the mandibular symphysis when compared 

to individuals with Class II Div.2 and Class III, although 

this difference is not statistically significant compared to 

Class I (Table IV, Figure 6).

The symphysis showed variations, which may be 

associated with a natural compensation for malocclusion, 

influencing the position of the teeth and their relationship 

with other dento-craniofacial structures [8,19,36-38]. 

It is currently agreed that the position of the 

mandibular incisors is directly related to the inclination 

of the MS, regardless of the type of occlusion [3,6,39]. 

Thus, the position of the mandibular incisors in relation to 

the supporting bone is an important factor in planning, in 

the evaluation of progress, as well as in determining the 

outcome of orthodontic treatment [40,41]. 

The shape of the symphysis is also associated 

with the amount of alveolar bone, with a narrow MS 

being associated with a thin alveolar bone and a wide 

MS with a thick alveolar bone [35,42]. A careful analysis 

of the bone condition of each individual should be 

performed before developing an orthodontic treatment 

plan, especially when considering a large amount of 

movement [14,15,43,44]. In patients with a thicker/wider 

symphysis, the protrusion of the incisors is aesthetically 

acceptable and, therefore, treatment without extractions 

is feasible [28,45]. On the other hand, a greater height 

of the symphysis and a small chin would be candidates 

for a treatment plan with extractions to compensate for 

discrepancies in the length of the dental arch [31]. The 

height and projection of the MS influe nce the adjacent 

soft tissue. It is also important to understand and consider 

the mandibular growth in the treatment plan to have more 

predictable results, thus determining the harmony and 

facial aesthetics [11,35,46,47].

The most appreciated structures for facial 

recognition and for the perception of empathy among others 

are contained within what has been define d as the “inner 

triangle” (a triangle whose base surrounds the eyebrows 

and one of the vertices is located in the chin) [1,2,47-49]. 

The chin is one of the most visible structures of the face, 

not only in frontal view, but also in profile  view, and its 

prominence is one of the facial features that society tends 

to associate with an individual’s personality. Thus, the 

treatment plan must take into account the morphology of 

the symphysis (height, width and inclination), the position 

of the lower incisors and the amount of bone available 

[28,29,35,36,50]. The treatment must consider both the 

hard tissues and the soft and the search for symmetry 

and proportionality of the face should prevail for a facial 

balance.

Conclusions    
The width of mandibular symphysis had the highest 

values in Class II Division 2 individuals and the inclination 

had the lower values in Class III individuals.

The shape of mandibular symphysis is influe nced by 

several factors and due to dental malocclusion, symphysis 

varies.

This highlights the importance of incorporating 

mandibular symphysis analysis when planning orthodontic 

treatment.
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Object ives:  To answ er the quest ion : Can  ster i l ized pouches be used a second t im e w h i le 

m ain tain ing their steri l i ty condit ions?

Methods: Th is invest igat ion  tested paper/plast ic ster i l izat ion  pouches divided in to th ree 

groups: exper im en tal  group – tw ice-used pouches; negat ive con t rol  group – once-used 

pouches; and posi t ive cont rol group – environm ental ly contam inated pouches. In  the exper-

im ental  group, pouches w ere opened, a gauze dressing w as placed in to them , and they w ere 

steri l ized again , represent ing the reuse of the pouches (second steri l izat ion  cycle). Af ter the 

steri l izat ion cycle, sam ples w ere stored for 1 day (T
0
), 7 days (T

1
), 31 days (T

2
), and 153 days 

(T
3
). Posit ive cont rol  group pouches w ere opened and exposed to contam inat ion in  the stor-

age environm ent . After the specif ied storage period, the exper im ental  and negat ive control  

groups’ pouches were opened, and the gauze dressings were rem oved asept ical ly. Al l  gauze 

dressings of  al l  groups, including the posit ive cont rol  group, were incubated in  Pet r i  dishes 

w ith  nut r ien t  agar at  37°C for 3 days. After incubat ion , the Pet r i  dishes w ere inspected, and 

the m icrobial  contam inat ion w as assessed and classif ied as pr esent  or absent . 

Results: The experim ental group’s Pet ri  dishes show ed no sign  of contam inat ion . The sam e 

happened to the negat ive cont rol  group. The posit ive cont rol  group’s Pet ri  dishes presented 

m icrobial  contam inat ion . The sam e results w ere obtained for al l  incubat ion  t im es.

Conclusions: Th is study show ed that  ster i l izat ion  pouches could be used a second t im e w hi le 

m ain tain ing ster i l i t y  and in tegr i t y condi t ions, even  for  extended per iods (153 days – 5 

m onths of stor age). (Rev Port  Estom atol Med Dent  Cir Maxi lofac.  2023;64(2):72-77)
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