[MPORTO

FACULDADE DE
. MEDICINA DENTARIA
UNIVERSIDADE DO PORTO

TRABALHOS MAIS RELEVANTES

Maria Joao Feio Ponces Ramalhao

PORTO, 2023







Trabalhos mencionados no curriculo considerados pelo candidato como os mais relevantes no
no ambito da candidatura ao Titulo Académico de Agregado pela Faculdade de Medicina Dentaria da
Universidade do Porto, no ramo de conhecimento de Medicina Dentéaria, em conformidade com o
disposto no Artigo 8.2, nimero 2, alinea d), do Decreto-Lei n2 239/2007, Diario da Republica,12 série,

n? 116 de 19 de Junho.






INDICE

1. Ponces MJ, Tavares JP, Lopes JD, Ferreira AP. Condyle displacement in three biotypological facial
groups using mounted models and mandibular position indicator. Korean J Orthod. 2014 Nov;
44(6): 312-319. 1

2. Saul M. Castro, Maria J. Ponces, Jorge D. Lopes, Mario Vasconcelos, Maria C.F. Pollmann.
Orthodontic wires and its corrosion—The specific case of stainless steel and beta-titanium. J Dent
Sci, Volume 10, Issue 1, March 2015, Pages 1-7. 10

3. Eugénio Martins, Joana Cristina Silva, Carlos A. Pires, Maria Jodo Feio Ponces Ramalhdo, Jorge
Dias Lopes. Coronal joint spaces of the Temporomandibular joint: Systematic review and meta-
analysis. J Clin Exp Dent. 2015;7(3):e 435-40 18

4. Jorge M, Vaz M, Lopes J, Ustrell-Torrent JM, Farahani B, Ponces MJ. Biomechanical effects of
Teuscher activator in hyperdivergent Class Il malocclusion treatment: A finite element analysis. J
Clin Exp Dent. 2021 Nov 1;13(11):e1124-e1130. 25

5. Nobre R, de Castro SM, Ponces MJ, Lopes JD, Ferreira AP. The relation between mandibular
symphysis and the Angle class in orthodontic treatment. Med Pharm Rep. 2022 Oct;95(4):446-
454, 33

6. Martins E, Silva JC, Pires CA, Ponces MJ, Lopes JD. Sagittal joint spaces of the temporomandibular
joint: Systematic review and meta-analysis. Rev Port Estomatol Med Dent Cir Maxilofac.
2015;56(2):80-88. 43

7. Rodrigues HM, Botelho PC, Vaz P, Mesquita P, Ponces MJ. Artrogryposis multiplex congenita
associated with intraoral changes — Multidisciplinary approach. Rev Port Estomatol Med Dent Cir
Maxilofac. 2015;56(3):182-187. 53

8. Amaral C, Henriques M, Gomes F, Mesquita P, Ponces MJ. The Road to Sustainability in Dentistry
— Is the Reuse of Sterilization Pouches Viable? Rev Port Estomatol Med Dent Cir Maxilofac.
2023;64(2):72-77. 60






1. PoONCEs MJ, TAVARES JP, LOPES JD, FERREIRA AP. CONDYLE DISPLACEMENT IN THREE BIOTYPOLOGICAL
FACIAL GROUPS USING MOUNTED MODELS AND MANDIBULAR POSITION INDICATOR. KOREAN J ORTHOD.
2014;44(6): 312-319.




o o . THE KOREAN JOURNAL of
Original Article ORrHODONTICS u
PISSN 2234-7518 ® eISSN 2005-372X
http://dx.doi.org/10.4041/kjod.2014.44.6.312

Comparison of condylar displacement between
three biotypological facial groups by using mounted
models and a mandibular position indicator

Maria Jodo Ponces® Objective: Facial-type—associated variations in diagnostic features have several
José Pedro Tavares’ implications in orthodontics. For example, in hyperdivergent craniofacial types,
Jorge Dias Lopes® growth imbalances are compensated by displacement of the condyle. When
Afonso Pinhido Ferreira® diagnosis and treatment planning involves centric relation (CR), detailed

knowledge of the condylar position is desirable. The present study aimed to
measure condylar displacement (CD) between CR and maximum intercuspation
in three facial types of an asymptomatic orthodontic population. Methods:
The study was conducted in 108 patients classified into three groups of 36
individuals each (27 women and 9 men; mean age, 20.5 years), based on the
following facial patterns: hyperdivergent, hypodivergent, and intermediate.
To quantify CD along the horizontal and vertical axes, the condylar position
was analyzed using mounted casts on a semi-adjustable articulator and a
mandibular position indicator. The Student t-test was used to compare CD
between the groups. Results: Vertical displacement was found to be significantly
different between the hyperdivergent and hypodivergent groups (p < 0.0002)
"Department of Civil Engineering, apd betwee'n the' hyperdiyergent and intermedi?te.groups (p < 0.0006). The
Faculty of Engineering of University of  differences in horizontal displacement were not significant between the groups.
Porto, Porto, Portugal In each group, vertical CD was more evident than horizontal displacement
was. Conclusions: All facial types, especially the hyperdivergent type, carried a
significantly high risk of CD. Therefore, the possibility of CD should be carefully
evaluated and considered in the assessment of all orthodontic cases in order to
accurately assess jaw relationships and avoid possible misdiagnosis.
[Korean J Orthod 2014;44(6):312-319]
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INTRODUCTION

Adaptive condylar displacement (CD) refers to the
shift from a seated condylar position or centric relation
(CR) to a condylar position corresponding to maximum
intercuspation (M1). Consequently, CD may have
diagnostic and clinical implications."* Orthodontists
who follow the functional occlusion principles published
by Roth' accept that when the normal proportional
relation of 0.75 between the posterior cranial base (se-
lla-articulare) and ramus height (articulare-gonion)
increases to a value of 1.0, the risk of an adapted intra-
articular condyle shift increases, making the assessment
of the mandibular position clinically pertinent.

This is, however, a controversial subject.” Despite the
consensus regarding dual bites as an alternative to
surgical treatment in adults, for diagnostic and treat-
ment purposes, evaluation of the orthopedic position
of CR is the most physiologically appropriate’; in fact,
it is recommended as the morphofunctional aim of any
orthodontic occlusal treatment."” Since CR is the most
consistent and reproducible positional reference,’® ac-
curate studies of dental and maxillomandibular rela-
tionships are dependent on CR assessment. Splint
therapy allows stabilization of the condyle in CR for
therapeutic or diagnostic purposes, prior to orthodontic
treatment.’

In patients with a hyperdivergent facial type, CD
represents a mechanism of compensation to posterior-
anterior facial imbalance. Since the mandible articulates
with the cranial base, vertical growth of the anterior face
should ideally match posterior facial growth.'” However,
if this does not occur, the condyle can rotate in the
temporomandibular joint or slide vertically or antero-
posteriorly in order to adjust to the imbalance.™*"""* An
increased joint space could lead to articular instability
since the articular disc can lose its tight apposition
between the condyle and cranial base and easily
dysfunction.' Previous studies have shown that posterior
mandibular displacement leads to temporomandibular
disorders (TMD)® and morphological changes."
Additionally, studies focusing on the relation between
facial configuration and TMD indicate an association of
hyperdivergency with TMD.'*"®

The assessment of the normal condyle-fossa rela-
tionship is also debatable. In normal samples, tomo-
graphic imaging reveals a wide variability in condylar
position,'®"” and intra-articular joint damage has been
detected in asymptomatic patients.'® More recently, a
study analyzing clinical data from magnetic resonance
imaging and limited cone-beam computed tomography
reported that the variability in CD is limited in normal
individuals, and quantitative standards for the clinical
evaluation of the condylar position were suggested.'”
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Since the condylar axis can be widely influenced by
occlusion,™ it is of paramount importance to deter-
mine its displacement in three-dimensional space.”
Conventional radiological examinations do not provide
accurate and valuable information in this regard;'®"’
consequently, a mandibular position indicator (MPI)
and other similar tools have been introduced to allow
quantification of the three-dimensional displacement of
the condylar axis.”*"*

The significance and clinical relevance of identifying
and integrating CD in orthodontic diagnosis and treat-
ment planning, when it surpasses a threshold of 2 mm
in the horizontal or vertical axis has been established.”*’
In addition, CD of significant magnitude occurs fre-
quently in the asymptomatic population®”’ and repre-
sents an attempt to compensate for disproportions.
Accurate diagnosis requires the assessment of occlusal
interferences and skeletal relationships, without the
influence of the neuromuscular system. Despite reason-
able evidence of facial configurations being more prone
to articular instability, data related to the subject is
scarce and conflicting. Girardot'” reported a more signi-
ficant CD in hyperdivergent facial morphologies, whereas
Burke et al.”* found diminished upper articular joint
spaces in the same facial type. In contrast, Hidaka et al."
found no relationship between facial type and condylar
position.

Therefore, the aim of this observational study was to
clarify the above-mentioned conflicting findings and
throw more light on the relationship between facial
type and condylar position. Therefore, CD was measured
in the hyperdivergent facial type and compared with
those of the hypodivergent and intermediate types. The
hypothesis of this study was that CD was greater and
more frequent in the hyperdivergent facial type.

MATERIALS AND METHODS

The research protocol was reviewed and approved by
the Ethical Committee of the Faculty of Dental Medicine
of University of Porto (#20071210). The study sample
comprised 108 Caucasian asymptomatic individuals,
81 women and 27 men, aged between 12 and 46.2
years, with a mean age of 20.5 years. Data used for the
study included information from anamnesis and clinical
examinations, lateral cephalograms in MI, study casts
and clinical records for CR mounting on a SAM® 2P
semi-adjustable articulator (Figure 1), and complete MPI
registrations (SAM®; Prizisionstechnik GmbH, Miinchen,
Germany) (Figures 2 and 3).

The subjects were selected based on the clinical
records of 742 consecutive first presentations at an or-
thodontic private practice. Based on the study criteria,
we included individuals, who, during the preceding
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Figure 1. Study casts mounted in centric relation on an
SAM® 2P semi-adjustable articulator.

Figure 2. A mandibular position indicator attached to a
cast of the upper arch, and maximum intercuspation wax
registration interposed between the two casts in order to
register the corresponding condylar position.

5 years, had neither suffered facial trauma nor been
subjected to orthodontic treatment. For the selection
of asymptomatic individuals, the Helkimo Index” was
used, and only patients with codes Di0 or Dil were
chosen. To avoid the effect of distortions related to
growth on condylar position registration,”® patients in
stages 4, 5, or 6 of skeletal maturation according to the
cervical vertebral maturation method”” were considered
for this study. Subjects with a negative vertical CD (AZ <
0) on the MPI reading were excluded.® To classify the
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Figure 3. A mandibular position indicator registration:
black and red dots represent right and left condylar po-
sitions corresponding to centric relation and maximum
intercuspation, respectively. Axial displacements are as
follows: for the right condyle, —0.9 mm in XX' and +1.8
mm in ZZ'; and for the left condyle, —1.3 mm in XX" and
+2.2 mmin ZZ'

subjects into groups based on distinct facial patterns,
two matched factors of Jarabak’s cephalometric analysis
were used.”® Subjects with the posterior facial height
(PFH; sella-gonion)/anterior facial height (AFH; nasion-
menton) ratio < 59% and the lower gonial angle (LGA;
nasion-gonion-menton) > 76° were grouped into the
hyperdivergent group. The hypodivergent group com-
prised subjects with the PFH/AFH 2 65% and LGA
< 69°. In the third intermediate group, the PFH/AFH was
59—65% and LGA was 69°—76°. Thus, based on the
skeletal facial features, 3 matched groups containing 36
individuals each, 27 women and 9 men, were generated.
A single operator with 5 years’ experience was involved
in all the clinical and laboratory experiments. A single
arbitrary face bow and SAM® 2P articulator were used
for mounting the stone casts (Velmix; Kerr® Manufac-
turing Co., Romulus, MI, USA) with the CR wax records
(DeLar Bite Registration Wax; Delar® Corporation,
Lake Oswego, OR, USA). Horizontal and vertical CD
were evaluated using a single MP1 and MI wax records
(Moyco® Industries Inc., Philadelphia, PA, USA).

The MI records were obtained before CR registration,
by asking the patient to bite firmly with the teeth in
MI. After being chilled in ice water, record accuracy
was checked in the mouth. For CR registration, Roth’s
power centric technique® was performed immediately
after neuromuscular deprogramming with the patient
relaxed and reclined at 45°. Two cotton rolls were
interposed between the dental arches for a minimum
of 10 minutes. CR bite registration was performed in
two stages. With the softened wax, the anterior section
was obtained by guiding the mandible during closure
in order to avoid protrusion. The cusps responsible for
premature inter-arch contact were maintained 2-mm
apart. Next, the anterior wax was hardened in ice water
and then interposed between the arches simultaneously
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with the posterior softened wax section in order to
accomplish the registration. The mandible was guided
during closure, and when the anterior teeth fit into the
corresponding anterior wax indentations, the patient
was asked to bite firmly. With this technique, as the
posterior wax section was softened, muscular strength
helped to adjust the vertical intra-articular condylar
position.”

For wax registration of MI, the corresponding position
of the condyle was registered with the MP1, and its
accuracy was checked after every 5 registrations. A
micrometre (Nr.H 114834; Carl Zeiss® AG, Oberkochen,
Germany) was used to measure the horizontal (XX') and
vertical (ZZ') CD components, and each measurement
was repeated three times. The average of two close va-
lues was considered the final value.

The methodology applied in this study had been
checked at the beginning of data collection, and the
Lauritzen technique was used to assess the accuracy of
CR records and laboratory procedures.”

To evaluate intra-operator error, the reproducibility of
CR records, mounting procedures, accomplishment and
measurement of MPI registrations, and cephalometric
measurements were performed by the same operator du-
ring two different sessions that were one-week apart. For
these procedures, 5 patients were randomly selected, and
the clinical measurements were obtained twice during
each session, resulting in the need for two articulator-
mounting sets for each subject. During the second
session, two new CR records were used to remount the
mandibular cast to each previously articulator mounting.
The procedure was repeated twice for each mounting
set. The new M1 records allowed comparisons of the MPI
registrations. The results were systematized into tables
for analysis.

Statistical analysis

For direct measurements, errors were analyzed using
the analysis of variance test. According to the follow-
ing equation, the standard error (SE) was obtained
depending on the sample variance (SV):

N —
SE=+/SV=+/-13 (X-X);
N-1%=

where N refers to the sample size; X;, dimension observed
for measurement 1; and X, mean value of observations.

For indirect measurements, the following equation of
error propagation was applied:

o [ s B e+ Y

where X; refers to the dimension measured (j = 1,..., M);

www.e-kjo.org

http://dx.doi.org/10.4041/kjod.2014.44.6.312

SE,, standard error associated with X;; and X = F(X,, X,,
... X, dimension based on dimensions of X;.

To determine the direction and magnitude of any
condylar shift, an initial descriptive study of data was
performed, which was followed by a comparative study.
A Student t-test, with 0.05 level of confidence, was used
to analyze the differences in CD along the vertical and
horizontal planes among the three groups.

RESULTS

Analysis of the measurement errors of the different
assessments showed an error margin < 4.5%, which is
considered acceptable.”

No negative vertical CD (AZ < 0) on the MPI readings
was registered. In the total sample (n = 216 condyles,
Table 1), horizontal displacement CD-XX' = 2 mm and
CD-XX' < —2 mm occurred in 14/216 condyles (6.49%),
whereas vertical displacement CD-ZZ' > 2 mm occurred
in 60/216 condyles (27.77%). Therefore, CD-XX' < —2
mm occurred in hyperdivergent and intermediate groups
in 2.78% and 4.17% of cases, respectively, whereas CD-
XX' 2 2 mm was more frequent in the hypodivergent
group (8.33%). The most frequent displacements were
observed in a posterior direction in the hyperdivergent
and intermediate groups. Along the ZZ' axis, the
frequency of CD-ZZ' > 2 mm was high in all the groups,
with registered values of 34.720%, 23.61%, and 25.0%,
respectively, in the hyperdivergent, hypodivergent, and
intermediate groups.

The values of horizontal displacement ranged from
—3.5 mm to 4 mm, whereas vertical displacement
ranged from O to 4.1 mm (Table 2).

To assess the effective magnitude of CD, the displa-
cements along the XX' axis were summed, and the
absolute values were considered (Table 3). A comparison
of the magnitude of CD among the three groups
showed more extensive CD in the hyperdivergent group
(118.7 mm) along the ZZ' axis and in the hypodivergent
group (67.53 mm) along the XX' axis. The magnitude
of horizontal displacement was approximately similar
in all the groups, varying from 53.5 mm in the
intermediate to 67.53 mm in the hypodivergent group.
Results of the t-test showed that vertical displacement
was statistically different between hyperdivergent and
hypodivergent groups (p < 0.0002) and hyperdivergent
and intermediate groups (p < 0.0005). No significant
difference in horizontal displacement was noted between
the groups (p < 0.071).

DISCUSSION

Taking into account the obvious differences between
the facial groups, the anatomo-physiological features
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Table 1. Number and percentage of condyles (72 condyles per group) displaced along the horizontal (XX') and vertical (ZZ')

axes
CD (mm) Hyperdivergent (n = 72) Hypodivergent (n = 72) Intermediate (n = 72)
XX’ 77 XX’ 77 XX’ 77

CDs< -2 2(2.78) . 0 . 3(4.17) -
—2<CD<0 39 (54.17) - 20 (27.78) s 30 (41.67) =
CD=0 4(5.56) 7(9.72) 13 (18.06) 25 (34.72) 17 (23.61) 15(20.83)
0<CD<2 26(36.11) 40 (55.56) 33 (45.83) 30 (41.67) 20 (27.78) 39 (54.17)
CD>2 1(1.39) 25 (34.72) 6(8.33) 17(23.61) 2(2.78) 18 (25)

Values are presented as number (%).
CD, Condylar displacement.

Table 2. Mean values (SD) and minimum and maximum (mm) horizontal (XX') and vertical (ZZ') displacements in the

three groups

Mean (SD) Minimum (mm) Maximum (mm)

Type XX’ (SD) 1XX’l (SD)* 77’ (SD) XX’ 77 0.4 77
Hyperdivergent ~ —0.09 (1.03)  0.84(0.60)  1.65(0.83) —2.15 0 4 3.3
Hypodivergent 0.44(1.14)  094(0.78)  1.05(1.10) -1.95 0 3.65 4.1
Intermediate —0.07(1.09)  0.74(0.80)  1.16(0.91) -3.5 0 3.45 3.1

SD, Standard deviation.
*|XX'| (SD) means considering absolute values.

Table 3. Summation of displacements along the horizontal (XX') and vertical (ZZ') axes (mm), and the corresponding

mean values in the three groups

x (mm) XX w
Hyperdivergent Hypodivergent Intermediate Hyperdivergent Hypodivergent Intermediate

<=2 —4.2 0 —8.55 - - -
—2<x<0 —29.4 —17.95 —20.65 ° = =
x=0 0 0 0 0 0 0
0<x<2 22.94 32,53 18.25 55.3 28.55 40.9
>2 4 17.05 6.05 63.4 46.9 42.55
Sum (absolute values) 60.54 67.53 53.5 118.7 75.45 83.45
Mean 0.84 0.94 0.74 1.64 1.05 1.16
Standard deviation 0.60 0.78 0.80 0.83 1.10 0.91
t-test (p-value)
Hyperdivergent - Hypodivergent 0.20279 0.00017*
Hyperdivergent - Intermediate 0.20460 0.00053*
Hypodivergent - Intermediate 0.07090 0.25624

x, Horizontal condyle displacement.
*p <0.05.

of hyperdivergent facial types may be the reason that
condyle function is prone to articular instability. This
study aimed to test the hypothesis that CD was greater
and more frequent in the hyperdivergent facial type.
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The three groups examined in this study represented
individuals with clear hyperdivergent (dolicofacial)
features, hypodivergent (brachifacial) features, and with
intermediate qualities. The intermediate group included
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mesofacial subjects and individuals with dolicofacial or
brachifacial tendencies.

The clinically significant CD threshold of 2 mm has
diagnostic importance,”*’ leading to clinical impli-
cations.” In fact, it is recommended to use this infor-
mation to convert cephalometric tracings when dis-
placements of > 2 mm are found along at least one
of the axes. A smaller magnitude of CD yields none
or no significant changes in traditional cephalometric
measurements.” In the 216 condyles analyzed in this
study, CD 2 2 mm was found in approximately 30%
of the cases (CD-ZZ' =2 2 mm in 27.77, CD-XX' > 2
mm, and CD-XX' < —2 in 6.49; Table 1). In general,
these results are in agreement with those of previous
studies, although some discrepancies in frequencies
were found.*'"'"****® These differences may be related
to the criteria used for sample selection, neuromuscular
deprogramming methodology, or CR recording
techniques. The use of hard anterior stops for CR bite
registration can duplicate the frequency of CD 2 2
mm.4.23

It was suggested that a more efficient deprogramming
technique could result in a higher frequency of CD in
the three groups. ldeally, complete deprogramming
should be performed before CR registration; however,
it is not practical in daily orthodontic practice, and the
method of interposition of cotton rolls for 10 minutes
was used in this study. Therefore, the registrations
obtained represent the most superior and anterior
positions of the condyles in the joint the clinician was
able to take during the moment of clinical procedure in
the asymptomatic patients. However, differences in the
effective CR position can be noted in some cases.

Posterior displacement was slightly more frequent
(43.52%) than anterior displacement (40.74%). The
higher frequency of posterior condylar shift is consistent
with previous studies and is related to posterior occ-
lusal prematurity guiding the mandible in this direc-
tion.z,],lh\l,l]

The analysis of CD and its comparison between the
three groups showed that CD was more frequent in
the hyperdivergent group, corroborating the initial
hypothesis. This group, considering the number of
condyles with CD 2 2 mm, presented a frequency
of vertical displacement of 34.72%, which is higher
than the 28.8% reported by Girardot.'” With respect
to the absolute values of horizontal displacement, the
hyperdivergent group registered 4.17% in contrast to
24.2% reported by Girardot. The great majority of XX’
displacements were between —2 and 2 mm. Therefore,
in the hyperdivergent group, 54.17% of displacements
occurred in the posterior direction with magnitudes
between —2 and 0 mm. In contrast, Hidaka et al."
found vertical and horizontal CD 2 2 mm of 14%
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and 2%, respectively. However, their study sample was
inherently different from that of our study.

In the hyperdivergent and intermediate groups, high
frequencies were recorded in the posterior direction
(56.95 and 45.84%, respectively); in contrast, in the
hypodivergent group, the higher frequency was in
anterior direction (54.16%). The frequencies of posterior,
anterior, and vertical displacements in the intermediate
group were midway between the other two groups.
These findings may be related to the differences in
facial configurations, i.e., the distinct patterns of
muscle activity and behavior facing fulcrums. In fact,
in the hypodivergent biotype, the elevator muscles are
stronger and aligned vertically across the first molars,
being positioned more anteriorly than those in the
hyperdivergent group. This leads to the exertion of more
force in the anterior direction.

The magnitude of means (absolute values) along XX'
was 0.84 mm, 0.94 mm, and 0.74 mm; along ZZ', it
was 1.65 mm, 1.05 mm, and 1.61 mm, respectively, in
the hyperdivergent, hypodivergent, and intermediate
groups (Table 2). Girardot” found mean values of 1.21
mm for hyperdivergent and 0.66 mm for hypodivergent
along XX' and 1.7 mm for hyperdivergent and 1.2 mm
for hypodivergent along ZZ'. The mean values that
closely matched those of our study were those related
to the vertical plane and may be related to the method
used to record CR. The hard anterior stop used in Roth’s
power centric technique supports the generation of
a more seated condylar position, as it is the internal
strength of the masticatory muscles that positions
and vertically seats the condyles in the fossae.”®*’
Therefore, the registration of the vertical axis shift
is less dependent on individual operator technique.
Previous studies,"”’ with deprogrammed subjects, found
greater vertical displacements and established that
more efficient deprogramming procedures can allow
assessment of greater CD mean values, particularly along
the vertical axis.” However, other studies contradicted
these results. Burke et al.”* studied the association of
condyle features of Class 11 preadolescent patients with
facial configurations and found correlations between
diminished superior joint spaces and vertical patterns.
These differences may be related to intrinsic variations
in the samples and to a lack of functional examination
of the subjects. In fact, the neuromuscular system can
display two kinds of responses to occlusal fulcrums.
One displaces the condyle in the joint to achieve ma-
ximal occlusal contact, whereas the other is the appea-
rance of an anterior open bite, characterized by only
posterior teeth contacts, with the CD being reduced
in this situation. Moreover, Hidaka et al." did not find
any relation between facial patterns and CD. Their
evaluation was performed using the mandibular plane
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angle and disregarded the individual’s skeletal maturity
and functional examination, which are factors that can
strongly compromise condylar shifts.

In this study, greater vertical displacement was ob-
served in the hyperdivergent group: CD was found
to be 1.57 and 1.42 times greater than that in the
hypodivergent and intermediate groups (Table 3).
Horizontal displacements were closer and varied from
53.5 mm to 75.45 mm. In all the groups, the magnitude
of vertical shifts was always higher than that of the
horizontal shifts, which is in agreement with the find-
ings of previous studies.”*""'***** This finding shows
that, although CD is frequent in all three facial groups,
a higher risk of shift is observed in the hyperdivergent
group, which is in agreement with Girardot’s results."
1t is important to note that both studies reported
significant differences in CD along the ZZ' axis (present
study: hyperdivergent-hypodivergent groups, p < 0.0002
and hyperdivergent-intermediate groups, p < 0.0005;
Girardot study: hyperdivergent-hypodivergent groups, p
< 0.008), but for horizontal displacements only Girardot,
reported this finding (hyperdivergent-hypodivergent
groups, p < 0.0001). In the present study, for XX'
axis displacements, no significant differences were
observed, but a trend could be suggested between the
hyperdivergent and intermediate groups (p < 0.071).

Although referring to asymptomatic samples, both
studies indicate that the physical features of the
hyperdivergent group predispose it to a higher risk of
developing TMD.'*'"> However, it is important to note
that the transverse shift was not considered, despite
being recognized as an etiologic factor of TMD.” There-
fore, this potential relationship needs to be investigated
further.

The results of this study suggest that orthodontic
treatment planning related to the CR must involve
assessment of the condyle shift. However, it is not
possible to quantify displacement clinically, directly
in the mouth®®” or by using Ml hand-assembled
casts. When detected, occlusal discrepancy provides
no information regarding the nature of CD.*"” This
study especially emphasizes on the vertical component
of CD, which is even more difficult to detect. The
MP1 instrumentation procedure permits easy and
accurate™®"*” quantification of CD and allows taking
this data into account when planning treatment,
introducing diagnostic clinical implications, and
reducing misdiagnosis.**

In contrast with M1 hand-assembled casts, articulator-
mounted cast analysis can display cases with different
features and with a distinctly difficult level of treatment.
The discrepancy can be altered not only in the sagittal
plane, with differences in overjet and molar relationship,
but also in the transverse and vertical planes.”* The
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analysis of the initial occlusal contacts can support
differential diagnosis of skeletal and dentoalveolar
openbite or crossbhite. When approaching transversal
problem the consideration of interocclusal type of
contacts, the cuspid to cuspid or cuspid to inclined
slope contact, can help to discard the skeletal nature
of malocclusion. Additionally, simulation of a true
hinge axis (vertical mandibular autorotation) can
provide information regarding features of the Class 11
malocclusion. In case of a vertical Class 11 malocclusion,
overjet can be corrected when posterior occlusal
interferences are eliminated; however, in case of a
sagittal Class 11 malocclusion, overjet remains, and
a different treatment plan is required. The method
described in this study can reveal important information
with regard to vertical malocclusion, which is not
provided by other diagnostic techniques, causing
frequent failure in occluso-functional orthodontic
treatment.

Overall, since a significant magnitude of CD occurs in
all the three asymptomatic groups and since it is not
possible to predict the condylar position, it is crucial to
mount models in CR as a routine diagnostic procedure.”™*
Our study clearly shows that in patients with a
hyperdivergent facial pattern, the risk of misdiagnosing
an orthodontic case is approximately 30%, when con-
dylar position in not assessed.

CONCLUSION

The findings of this study show that the hyperdivergent
group has a significantly greater CD along the vertical
axis than do the two other groups. No differences were
found in horizontal displacement between the groups.
Therefore, if CD is not considered during the assessment
of orthodontic cases, the risk of misdiagnosis is high
for all facial types, being significantly higher in patients
with the hyperdivergent facial type.
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KEYWORDS Abstract Efficient orthodontic treatments rely on the perfect design and condition of ortho-
corrosion; dontic wires. Different wires made from different metals and alloys are available in the mar-
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pH memory, low stiffness, and high elastic limit. Even with the buildup of protective layers, wires

exposed to the oral environment can suffer corrosion. This gradual destruction of materials re-
sulting from chemical reactions can have several adverse effects such as the release of ele-
ments from metals, roughening of the wire surface, and weakening of appliances, which can
lead to mechanical failure or even fracture of the orthodontic materials. Corrosion of ortho-
dontic wires is strongly related with the acidic environment of the buccal cavity and the pres-
ence of fluoride ions, prophylactic agents, and mouthwash solutions. In this review, a brief
description of the different commercially available wires is given. Moreover, the desirable fea-
tures and properties to be considered in the search for the ideal wire are addressed. Finally,
the role of pH and fluoride ions on the corrosion of wires is discussed. Results from different
experiences over the years are likewise provided. Special attention is given to stainless steel
and beta-titanium wires, because these two alloys are frequently used in the treatment phases
in which the wires are exposed to the oral environment for lengthy periods.
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Introduction

Orthodontic treatment is vital for improving and main-
taining good oral and dental health, as well as creating an
attractive smile that contributes to the development of
self-esteem.

The mechanical foundation of orthodontic therapy is
based on the principle that stored elastic energy can be
converted into mechanical work by tooth movement, and
that the ideal control of tooth movement requires the
application of a system of distinctive forces properly sup-
ported by accessories such as orthodontic wires.’

Model wires should be designed to move teeth with
continuous forces and should remain elastic.” Different
wire alloys are available for orthodontic treatment. How-
ever, no wire is optimal for orthodontic applications during
all the different stages of treatment.” The properties
required for orthodontic wires depend on their application,
but commonly desirable mechanical characteristics include
high springback, low stiffness, good formability, and low
friction.> Nevertheless, several features and properties
must be considered in the search for the ideal wire.

Mechanical properties of orthodontic wires

In the past decades, a variety of wire alloys was introduced
into orthodontics, leading to improvement of treatments.
The appropriate use of the different existing wires may
reduce the duration of the treatment and enhance patient
comfort. Several characteristics of orthodontic wires are
considered desirable for optimum performance during
treatment. A brief description of each of these desirable
wire characteristics is provided.

Modulus of elasticity (stiffness)

Modulus of elasticity (stiffness) can be defined as the
resistance to permanent deformation. It is proportional to
the stiffness of the material* and can be determined by the
binding forces between atoms. As these forces are constant
for each metal structure, stiffness is a constant property of
each metal. In orthodontics, it represents the force
required to deflect or bend a wire." Low stiffness wires are
preferable because they provide the ability to apply lighter
and more constant forces during arch deactivation.*

Elastic limit

Elastic limit relates to the maximum amount of workload that
can be applied to a wire before it undergoes permanent
plastic deformation and can no longer return to its original
shape. A high elastic limit, with low stiffness, is desirable.’

Resilience

Resilience is inversely proportional to the elastic limit and
represents the amount of stored energy available in the
wire to move teeth,” corresponding to the stored energy in
the wire, when deformed elastically and released when
unloaded. High levels of resilience are preferable.’

Shape memory effect

Many materials will show a permanent deformation if their
elastic limit is exceeded. However, after an apparent defor-
mation, certain metals will return to their original shape
when heated. This effect is called “shape memory effect”.
When materials return to their original form after reaching
the point of deformation, the accumulated forces in the wire
are dispersed in a consistent manner for a lengthy period,
which is essential to assure teeth movement.’

Formability, weldability, and friction

While weldability is the wire’s ability to be fused to other
materials, the formability of the wire is its ability to be
bent into desirable shapes (such as loops and bends)."?*
Friction refers to the resistance of a material when sliding
over another and, in orthodontics, it corresponds to the
quality of sliding between the wire and orthodontic
accessories.”

Biocompatibility

Because orthodontic wires are positioned close to the oral
mucosa for lengthy periods, they should be resistant to
corrosion and prevent the release of ions in the oral cavity,
and should not cause allergic reactions. In other words,
orthodontic wires must be biocompatible with oral
tissues.'

Different metals and alloys used in
orthodontics

Stainless steel (FeCrNi; SS) alloys

Until the 1930s, the available orthodontic wires were made
of gold. Austenitic SS was introduced as an orthodontic wire
in 1929, and because of its superior strength, higher
modulus of elasticity, good resistance to corrosion, and
moderate costs, SS promptly gained acceptance and pref-
erence over gold.” The alloy of SS most frequently used for
orthodontic materials is the American Iron and Steel Insti-
tute type 304, containing 18—20% of chromium and 8—10%
of nickel.>> SS wires have good biocompatibility, good
corrosion resistance, excellent formability, high vyield
strength, and high modulus of elasticity.*®

Cobalt—chromium (CoCr) alloys

Consisting of cobalt (40%), chromium (20%), silver (16%) and
nickel (15%), this alloy was first developed in the 1940s for
the manufacture of watch springs and found its place in
orthodontics in the 1960s. Regardless of their greater
resistance to fatigue and distortion, the mechanical prop-
erties of CoCr wires are very similar to those of SS.

Nickel—titanium alloys

Nickel—titanium (NiTi) alloys were introduced into clinical
use in 1972. It was produced under the trade name Nitinol,
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with a composition of 55% nickel and 45% of titanium.
Several other brands of NiTi wires were launched in the
market in 1976. However, none of these wires showed
thermal activation, shape memory effect, or super-
elasticity. In 1985, a new superelastic NiTi alloy, developed
especially for application in orthodontics, was reported.’
NiTi alloys have good springback and flexibility that allow
large elastic deflections.” Heat treatment of these alloys
changes their crystallographic arrangement, producing the
so-called “shape memory”. This phenomenon results from a
crystalline phase change known as “thermoelastic
martensitic transformation” and describes the effect of
restoring the original shape of a deformed wire by heating
it through its transitional temperature range.®° This
transformation from the distorted to the original shape
involves a transformation of nitinol from the martensitic to
the austenitic phase. However, these alloys present poor
formability, which is a disadvantage. Moreover, the bending
of these wires has a harmful effect on their springback
property.*

Copper—nickel—titanium alloys

Copper—nickel—titanium (CuNiTi) alloys consist of nickel,
titanium, copper, and some chromium. These wires became
available on the market in the mid-1990s. The addition of
copper to the alloy enhances the thermal-reactive prop-
erties of the wire and makes it highly resistant to perma-
nent deformation.’

Beta-titanium alloys

In 1979, Goldberg and Burstone® introduced for the first time
a beta-titanium (B-Ti) alloy into orthodontic applications. B-
Ti alloy is commercially available as “TMA” (tita-
nium—molybdenum alloy) and, although one company
owned its manufacturing rights for many years, '° the alloy is
currently marketed by a wide diversity of commercial
brands." B-Ti wires possess an excellent balance of proper-
ties suitable for many orthodontic applications such as good
corrosion resistance, low potential for hypersensitivity, low
stiffness, high springback, excellent formability, and good
weldability, even compared with SS and cobalt—chro-
mium—nickel orthodontic wires.>®'% "> The modulus of
elasticity of B-Ti is about twice that of nitinol and less than
one-half that of SS, making it ideal for applications where
less force than the one from steel is required, but where a
lower modulus material such as nitinol would be insufficient
to produce the desired force magnitude.” These properties
allow a simplified appliance design that can deliver superior
force without requiring the addition of loops and helices. In
the beginning, B-Ti wires were used for specific applications
in a segmented arch technique for the making of retraction
loops. Nowadays, B-Ti are used in many applications such as
intrusion arches, uprighting molar spring, and cantilevers for
intrusion or extrusion of teeth."’

Corrosion of orthodontic wires

Within orthodontics, nickel is one of the most commonly
used metals in wires, as it is included in NiTi, SS, and other

alloys. However, nickel is the most common metal to cause
contact dermatitis and to induce more cases of allergic
reactions. Reports have suggested that a concentration of
approximately 30 mg/L of nickel may be sufficient to
prompt a cytotoxic response.'* Moreover, some complexes
of nickel have been considered carcinogenic, allergenic,
and mutagenic.'* NiTi alloys can have >50% of nickel con-
tent and, consequently, release sufficient nickel ions to
cause allergic reactions.'® Additionally, there have been
reports of nickel-nonsensitive patients who have become
nickel-sensitive after using NiTi wires.'® SS has a nickel
content of 8%,'® but its crystal lattice binds the nickel ions,
making them unavailable to react.”® Hence, these low
nickel content alloys are unlikely to cause nickel hyper-
sensitivity, being tolerated by nickel-sensitive patients.
Besides nickel, the suspected genotoxic chromium metal is
also known to cause adverse biologic effects such as hy-
persensitivity, dermatitis, and asthma."’

Because of its ionic, thermal, microbiological, and
enzymatic properties, the oral environment is favorable to
the biodegradation of metal wires and their alloys, with
consequent release of metal ions in the oral cavity.'® The
major process of degradation of metals is corrosion. Oral
conditions such as the temperature, the quantity and
acidity of saliva, the presence of certain enzymes, and the
physical and chemical properties of solid and liquid food
may influence corrosion processes.

Along with the release of elements from metals or al-
loys, corrosion of orthodontic wires can lead to roughening
of the surface and weakening of the appliances and can
severely affect the ultimate strength of the material,
leading to mechanical failure or even fracture of the or-
thodontic materials.

To resist corrosion, SS, CoCr, and titanium alloys depend
on the formation of a passive surface oxide film. However,
even though these protective oxide films are present on the
metal surface, metal ions can still be released.'® Not only is
the protective oxide layer susceptible to both mechanical
and chemical disruption, but the oxide film can also slowly
dissolve as the metal is exposed to oxygen from the sur-
rounding medium. Acidic conditions and fluoride-containing
products can contribute to these processes.’” As a matter
of fact, the corrosion and deterioration of certain metals
and alloys have been related with the acidic environment of
the buccal cavity and with the presence of fluoride ions in
several toothpastes and mouthwash solutions.? 2’

Effect of pH in orthodontic wire corrosion

Metal corrosion is an electrochemical process in which a
metal surface exposed to a conducting aqueous electrolyte
usually becomes the site for two simultaneous chemical
reactions: oxidation and reduction (redox). Taking iron in a
weak acid solution as an example, the oxidation (or anodic
reaction) results in the production of ferrous ions (Equation
(1)), whereas reduction (or cathodic reaction) results in the
consumption of electrons produced by the anodic reaction,
with the production of hydroxide ions, water, or hydrogen
gas (Equations (2)—(4)).

2. -
Fe(q — Fe(:q, +2€, 1)
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Os(aq) + 2H20y -+ 4e ;g —40H" )
O2(aq) +4ng> +4e,q —2H,0( (3)
2Hq) +2€q — Hag) ©)

Although the cathodic reaction represented by Equation
(2) should be considered for corrosion processes under
natural environments, under acidic (or even low acidic)
environments Equation (3) and, particularly, Equation (4)
are the most relevant, being the ones that should be
taken into account regarding the corrosion of wires in the
oral cavity.

The extension of corrosion will depend on the nature of
the solvent in which the metal is immersed and, unless the
metal can form a protective surface layer (passivation), the
corrosion process endures until total consumption of the
metal or the cathodic reactant occurs.

Metals in oral appliances are constantly challenged by
acidic foods and liquids, such as soft drinks, which will
supposedly promote the cathodic reaction of corrosion and,
consequently, the anodic reaction (dissolution of the
metal) as well.

The pH effect on orthodontic wires corrosion has been
widely studied. In 2003, Huang et al.'® measured the
amount of ions released from NiTi wires immersed in arti-
ficial saliva with different pH values as a function of time.
They concluded that the amount of released metal ions
increased with immersion time in all conditions and that
the amount was greater when more acidic solutions were
involved. They also observed that the average amount of
nickel ions released per day was higher in the first days,
probably owing to the formation of a TiO, protective layer
on the wire surface. This protective layer was confirmed
through X-ray photoelectron spectroscopy (XPS) in 2004 by
Huang,*° who—resorting to cyclic potentiodynamic polari-
zation curves and scanning electron microscopy (SEM)—also
observed that the corrosion potential and corrosion rate
increased with the decrease in pH value. Polarization
curves can be very useful in the assessment of corrosion
susceptibility, because they provide information on
passivity, pitting susceptibility, and corrosion rate. Among
others, Figueira et al.®" used this technique to evaluate the
susceptibility of NiTi commercial samples to corrosion
resistance and the effect of pH on the corrosion behavior in
solutions with different pH values. Although the increase in
the pH value led to a decrease in the corrosion potential, no
significant differences were detected in the passive
behavior for the studied pH range, leading to the conclusion
that NiTi has a good corrosion resistance. Moreover, in
accordance with other studies,'®*? their XPS studies reveal
that, although the surface layer of NiTi after immersion in
the different solutions has some Ni(OH), content, TiO, is
the main constituent.

Effect of fluorinated and other prophylactic
agents

Mouth rinsing with fluoride-containing products is an
effective method for prevention of caries because of the

complicated morphologies of orthodontic appliances. Reg-
ular use of products containing fluoride during the course of
orthodontic treatment is essential because fluoride ion can
promote the formation of calcium fluoride globules that
stimulate remineralization.**

Clinically available fluoride-containing products have a
variety of fluoride concentrations (250—10,000 mg/L) and
pH values (3.5—7).>¢ Prophylactic fluoride gels with a low
pH were found to be more effective in the increase of
calcium fluoride (CaF,) formation.*?

Reduction of corrosion resistance of pure titanium and
titanium alloys in fluoride-containing environments has also
been reported,*” with the use of fluoride-containing rinses
or gels being harmful to titanium in acidic environments.
Titanium corrodes not only in the presence of sodium
fluoride (NaF) in acidic solution but also at high pH values if
the NaF concentration is considerably high.*®> The fluoride
ions degrade the protective titanium oxide film formed on
titanium and titanium alloys. The contact of electrolyte
with the metal is possible through the pores of the oxide
layer that can contain several oxides of different stoichi-
ometries such as TiO, Ti,0s, or TiO,, although TiO, is the
most frequently observed.*®

Once titanium-based orthodontic wires become exposed
to acidulated topical NaF products, hydrofluoric acid (HF)
can be produced according to Equation (5), and HF will then
rapidly dissolve titanium, in accordance with Equations (6)
and (7), and/or 8, leading to corrosion of the metal

alloy®”%:

H;PO, + 3NaF —Na3PO, + 3HF (5)
Ti, 03 + 6HF — 2TiF 4 + 3H,0 (6)
TiO, + 4HF - TiF4 4 2H,0 @)
TiO, + 2HF - TiF, + H,0 (8)

In 2002, Schiff et al.*® compared the electrochemical
properties of different titanium alloys (TiAlgV4, NiTi, and
NiTiCo, and pure titanium) according to the pH and fluoride
content of the saliva. The polarization curve assays showed
that for pure titanium and TiAlgV4, the corrosion rate
increased as the medium became more acidic, then fluori-
dated and finally fluoridated—acidified. Although NiTi and
NiTiCo were less affected by the fluoridated—acidified me-
dium, fluoride had a negative effect on all materials. In
agreement, surface analysis by SEM showed surface degra-
dation on the tested alloys that had been exposed to fluo-
ridated—acidified saliva. Later, in 2004, Schiff et al.>* also
assessed the corrosion influence of three commercial fluoride
mouthwashes on four titanium alloys orthodontic wires (TMA,
TiNb, NiTi, and CuNiTi). Corrosion potential was measured
over time, and corrosion resistance of titanium alloys was
determined. From the results obtained, it was possible to
divide the alloys into two groups: one composed by nickel-
—titanium-based alloys (NiTi and CuNiTi), which were
strongly corroded in the presence of monofluorophosphate
found in one of the tested mouthwash solutions, and the
other composed by TMA and TiNb, which were less resistant to
corrosion in the presence of stannous and amine fluoride.
These results were confirmed by SEM analysis of the alloys’
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surface, emphasizing the need to recommend the proper
mouthwash depending on the alloy used. In 2010, Lee et al.*°
evaluated the effect of fluoride prophylactic agents in four
different brands of commercial NiTi archwires. The tests
were made in acidic artificial saliva with different NaF con-
centrations (0.01%, 0.1%, 0.25%, and 0.5%), mimicking com-
mercial fluoride-containing toothpastes. The polarization
resistance of the different wires was calculated on the po-
larization curves experiments. Significant differences were
found among the tested wires regardless of the NaF concen-
tration in artificial saliva, although XPS analysis revealed a
similar chemical composition of the passive film on the sur-
face of all tested NiTi archwires. This apparent discrepancy
could be due to different surface textures, roughness, and
defects produced in the wires during the manufacturing
process, which was observed by SEM and atomic force mi-
croscopy experiments. Nevertheless, all tested NiTi arch-
wires revealed a decrease in corrosion resistance as the NaF
concentration increased. This effect was more accentuated
in high (0.5%) NaF-containing solution, which corresponds to a
fluoride ion concentration of 2250 mg/L. These results are
indicative of severe damage of the TiO,-based protective film
and are in accordance with other previously reported studies
showing that a fluoride ion concentration of 250—500 mg/L is
enough to promote NiTi wire corrosion.*:*

Corrosion of the TMA and NiTi alloys in fluorinated
mouthwash solutions can also occur via hydrogen embrit-
tlement.*"*> This phenomenon can also be responsible for
the degradation of the mechanical properties of titanium-
based alloys. In 2005, Walker et al.*” evaluated the effects
of different fluoride prophylactic agents on the mechanical
properties of two nickel—titanium based NiTi orthodontic
archwires (NiTi and CuNiTi) after being immersed in an
acidulated fluoride agent and a neutral fluoride agent for 90
minutes at 37°C. Both unloading elastic modulus (E) and
unloading yield strength (YS) had significantly decreased
after fluoride exposure. However, the CuNiTi wire mechan-
ical properties were not affected by fluoride agents. The
variation in NiTi mechanical properties resulted from
fluoride-related hydrogen embrittlement that affected the
NiTi wire unloading-related phase shift. Regarding CuNiTi,
the addition of copper appeared to have inhibited fluoride-
related degradation of the wire mechanical properties.
Nevertheless, SEM assays for characterization of fluoride
treatment effects on wires revealed that NiTi and CuNiTi
wires suffered corrosive changes on surface topography.

SS and beta-titanium

Usually, there are three phases in orthodontic treatments:
1 = leveling and aligning, 2 = space closure and anterior/
posterior correction, and 3 = detailing and finishing. B-Ti
and SS wires are the most frequently used in Phases 2 and 3,
which leaves them exposed to the oral environment for
longer periods.*® Thus, it is vital to understand their
corrosion behavior. Both wires show high formability, which
allows them to be bent into different configurations such as
specialized loops.”® Unlike titanium alloys, the passive
layer of SS wires is composed of Cr,03/Fe;03.**> Never-
theless, this corrosion resistance barrier can also be
damaged. To determine the possible differences in the

corrosive potential of SS and TMA wires, Kim and Johnson“®
subjected these wires to anodic polarization in a physio-
logic solution (0.9% NaCl) with neutral pH. Results showed
that TMA wires exhibited the lower corrosive potential. In
addition, SEM photographs revealed that SS wires were
readily susceptible to corrosion. Similar results were
observed by Huang,** who—after conducting cyclic poten-
tiodynamic and SEM analysis of SS wires in acid artificial
saliva at 37°C—detected that the pH had a significant in-
fluence on the corrosion parameters of the stressed SS
wires. In 2006, Lin et al.*® performed SEM, atomic force
microscopy, and linear polarization analysis and showed
that SS wires from different brands and types, with
different surface roughness and defects, presented signifi-
cant differences in their corrosion resistance. Although only
pH seems to be harmful to SS wires,* both pH and fluoride
concentration have negative effects on B-Ti wires, with
hydrogen embrittlement in fluoride solutions being one of
the reasons for B-Ti alloy fracture during clinical treat-
ment.'® Nevertheless, B-Ti corrosion resistance behavior is
higher than that in other wires.*® In 2003, Watanabe and
Watanabe®® assessed surface roughness and colors after
immersion of TMA wires in fluoride prophylactic agents with
different pH values and observed that the TMA immersed in
acidic fluoride solution changed color and surface
morphology within 1 hour, exhibiting a high surface rough-
ness after 24 hours. This is in accordance with other stud-
ies’® 52 showing that degradation of mechanical properties
in B-Ti orthodontic wires increases with longer immersion
periods. In 2007, Walker at al** evaluated the effect of
fluoride prophylactic agents on the loading and unloading
elastic modulus and vyield strength of B-Ti and SS wires.
After the wires were immersed for 90 minutes in different
fluoride solutions at 37°C, the functional unloading me-
chanical properties of both wires decreased in acidulated
and neutral fluoride agents. Moreover, SEM experiments
showed corrosive changes on the surface topography of
both wires after exposure to both solutions.

Concluding remarks

Over the years, there have been great concerns about the
impact of orthodontic wire corrosion. The literature sug-
gests that metal ions are released during orthodontic
treatment, but the level is far lower than that ingested in a
routine daily diet. The effects of pH and fluoride concen-
tration on B-Ti and SS wires might be negative in prolonged
orthodontic treatment time. It is a proven fact that corro-
sion of orthodontic devices occurs, but the impact of
corrosion on orthodontic treatment and on patient’s health
is still not fully understood. Future work in more clinically
relevant conditions is vital for better comprehension. It
would be interesting to conduct additional assays and test
the effect of other properties on corrosion, such as fatigue
resistance when subjected to force applied to the wires.
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Abstract

Introduction: The joint space measurements of the temporomandibular joint have been used to determine the con-
dyle position variation. Therefore, the aim of this study is to perform a systematic review and meta-analysis on the
coronal joint spaces measurements of the temporomandibular joint.

Material and Methods: An clectronic database scarch was performed with the terms “condylar position™; “joint
space”AND”TMI". Inclusionary criteria included: tomographic 3D imaging of the TMJ, presentation of at least
two joint space measurements on the coronal plane. Exclusionary criteria were: mandibular fractures, animal stu-
dies, surgery, presence of genetic or chronic diseases, case reports, opinion or debate articles or unpublished ma-
terial. The risk of bias of cach study was judged as high, moderate or low according to the “Cochrane risk of bias
tool”. The values used in the meta-analysis were the medial, superior and lateral joint space measurements and their
differences between the right and left joint.

Results: From the initial search 2706 articles were retrieved. After excluding the duplicates and all the studies that
did not match the eligibility criteria 4 articles classified for final review. All the retrieved articles were judged as low
level of evidence. All of the reviewed studies were included in the meta-analysis concluding that the mean coronal
joint space values were: medial joint space 2.94 mm, superior 2.55 mm and lateral 2.16 mm.

Conclusions: the analysis also showed high levels of heterogeneity. Right and left comparison did not show statis-
tically significant differences.

Key words: Temporomandibular joint, systematic review, meta-analysis.
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I ntroduction

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 influnce 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-
Ily 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 tre ickal @ramal jart gaces.

Material and M ethods

-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-

C oronal joint spaces of the Temporomandibular joint

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 thedfirt 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 d
had only to be justifie 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.d

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 12 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.

Reaults

-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 thesfirt 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 for fira reiew .
-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

| C oronal joint spaces of the Temporomandibular joint

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 fin 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-
ralsfirt and second sextants, respectively. The shortest
distances from the medial, central and lateral points to
the fossa were then measured. At last, Henriquesdet al.
(23) identifie 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
coefficent 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 classifie 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; 12 = 95.73%) for the MJS; (Q(2) =
31.55; P<0.001; 12 = 92.20%) for the LJS; (Q(2) = 7.16;
P=0.028; 12 = 72.53%) for the SJS.
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Table 1. Summary of the quality assessment of the four retrieved articles.
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Estimate of Sample Error Normality Adequate | Randomization | Statistical | Level of
samplesize | description | analysis tests Satistics analysis | evidence
provided
162 No/ Not Yes No Yes Yes No Adequate Low
known
209 No/ Not Yes Yes No information Yes No Adequate Low
known
3@ No/ Not Yes No No information Yes No Adequate Low
known
449 No/ Not Yes No No information | Incomplete* No Adequate Low
known
*level of significance unclear.
cJs
Study n Mean SD Weight Mean [95% CI]
Study 2 24 27 0S —— 36.38% 270[2.50,290]
Study 3 40 265 084 —_— 31.74% 265[239,291]
Study 4 53 227 0.96 — 31.88% 227[2.01,253]
RE Wodel _— 100.00% 2.55[2.28,2.81]
Q(2)=7.16, p=.028, P2 =72.53%
| I

200 238 275 3.12 350

Mean

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.

MJs
Study n Mean SD Weight Mean [95% CI]
Study 1 80 29 085 —— 25.39% 290[269,3.11]
Study 2 24 24 05 —a— 25.45% 240[2.20,260]
Study 3 40 268 096 = 24.58% 268(2.38,2.98]
Study 4 53 38 141 —— 24.59% 3.80[3.50,4.10]
RE Model ———— 100.00% 2.94[2.35,353]
Q(3)=60.37. p<.001, '2=95.73% I I T |
150 225 3.00 375 450
Mean
LEFT  RIGHT MJs
Study n Mean SD Mean SD Weight Mean diff [95% CI]
Study 1 40 29 09 29 1 — €6.87% 0.00[-0.42,0.42]
Study 3 20 2.84 0.92 252 0.99 ——————  3313% 0.32[-0.27,091]
RE Model e —— 100.00% 0.11[-0.23,0.45]
Q(1)=0.750, p=.387, 2 =0.00%
[ T T 1
-1.00 -0.50 0.00 0.50 1.00

Mean difference (Left-Right)

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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LEFT RIGHT LJS
Study n Mean SD Mean SD Weight Mean diff [95% CI]
Study 1 40 24 08 26 09 — 61.55% -0.20[-0.57,0.17]

Study 3 20 226 0.74 209 09

e 3845% 0.17[-0.34,068]

RE Model o ——— 100.00% -0.06[-0.41,0.30]
Q(1)=1.31, p=252, I'2 =23.94%
-0.75 -038 000 038 075

Mean

difference (Left-Right)

LJS
Study n Mean SD Weight Mean [95% CI]
Study 1 80 25 085 —— 33.77% 250[231,269]
Study 2 24 18 04 - 3441% 1.80[1.64,1.96]
Study 3 40 218 0.82 —— 31.82% 2.18[1.93,243]
RE Model ———— 100.00% 2.16(1.75,2.56]

Q(2)=31.55, p<.001, "2 =82.20%

1.00 1862

225 288 350

Mean

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 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 aignificnt 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 statistiaally significnt
differences between the coronal joint space of the right
and left joints.
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Abstract

Background: In orthodontic treatment, the combination of an activator with a headgear is commonly used in treat-
ment of the hyperdivergent Class [ malocclusion. However, the distribution of stresses transmitted to the maxilla
by these appliances has been little studied. This study aimed to compare the biomechanical effects of stresses trans-
mitted to the maxilla and teeth by a Teuscher activator (TA) for different lines of action of extraoral force, using
finite element analysis.

Material and Methods: A tridimensional finite element model of the maxills and teeth was created based on the true
geometry of a human skull. The (TA) and the face bow were designed in 3D computer-aided design and fixed in
the maxilla model. To study the effects of mechanical stress transmitted to the maxilla in the treatment of hyperdi-
vergent Class [ malocclusion with (TA) combined with extraoral forces, five different finite element models were
used, considering the centers of resistance of the maxilla and dentition.

Results: The results showed that stresses increased progressively when the force line of action moved in posteroan-
terior direction. Von Mises equivalent stress was bower in Model | (0°) than in Model § (60°). In Models 1 (0°) and
2 (15%), molars suffered greater distal displacement and incisors showed extrusion. In Model 3 (30%), the force line
of action promoted a distal displacement of molars and incisors. In Models 4 (45°) and § (60°), the whole maxillary
anterior sector showed counterclockwise displacement.

Conclusions: Different force lines of action influence the intensity and distribution of orthodontic and orthopedic
forces in the maxilla. The extraoral force’s line of action used in Model 3 (30°) is the most compatible with the
objectives of the hyperdivergent Class [I malocclusion treatment in growing patients.

Key words: Class II, Headgear, Early treatment, FEA.
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I ntroduction

Class Il malocclusion may be caused by dental or skele-
tal maxillary protrusion or both. Patients with Class Il
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 faciale
profil imrovene nt (31 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 Il 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 1l malocclusion
treatment (15,16).

The use of finte 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 useifinte 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 M ethods

-Model Configratians: Ml xi lla and Teeth

A 10-year-old female patient with Class Il, division 1
malocclusion and a hyperdivergent Class |1 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

Effects of teuscher activator - Fea

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 flor
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
maxséllary firt molars. Due to the patient’s age, the per-
manent premolars were absent at treatment onset.
-ModeluConfigratims: 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 maxgllary firt 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), anddfiv 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 andefivi (finte element) models were created to
simulate the application of div different force lines of
action (Fig. 1).

Effects of teuscher activator - Fea

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 propertias are significnt ly inferior to those of the
materials that compose them.

MODEL 1 (0°)

MODEL 2 (15°)

MODEL 3 (30°)

X

CResD @

MODEL 5 (60°)

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 elefind using young’s modulus and Poissbn’s co-
efficet . 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 theifinte 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

Table 1: Mechanical properties of the materials: Young’s modulus
and Poisson’s coefficient.

X Young's Poisson’s
Material .
Modulus (GPa) Ratio
Bone 10 0.3
Teeth 20 0.3
Teuscher Appliance 200 0.33

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 fiv models to simalate fiv 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 wasefixd 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).

Reaults

The objective of creating a maxillary biomechanical mo-
del to simulate Class Il 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 color scale was used, where red colors indicate areas
subjected to a high-stress peak, while blue colors re-
flet stress levels close to zero. The main focus of the
results was the concentration of stress transmitted to
the maxilla by the (TA) with fiv 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

in every model, but the maximum stress intensity varied
(Fig. 3, Table 2).
Model 5 (60°) induced the highest stress concentration,

Table 2: Maximum von Mises stress values.

Maximum von Mises stressvalues (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

MODEL 1 (0°)

MODEL 2 (15°)

-

MODEL 3 (30°)

-

MODEL 4 (45°)

MODEL 5 (60°)

Al

Fig. 3: Von Mises stress distributions obtained from different models by FEM, values are in MPa.
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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).
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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 — finte 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 difficl 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 enay influnce maxillary growth, thus being con-
sidered a valid approach for growing hyperdivergent pa-
tients with Class Il malocclusion and associated maxillary
protrusion (11,13,24). The effects of stress transmitted to
the maxilla in this type of hyperdivergent Class 11 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 fiv
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).

MODEL 1 (0°)

MODEL 2 (15°)

MODEL 3 (30°)

x 10
PR ) .-
00 1P 2T 33 A5 54 652 61 RN

MODEL 4 (45°)

MODEL 5 (60°)

- —— | —

00 155 310 448 620 175 90 M08 124 00 248 4% T4 99

] | ——

124187 173 s

4

x 10

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

values are in mm.
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Bowden et al., (25) in 1978, wonfire 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 witk fiv different lines of action to
identify the one that better suited the maxillary vertical
and sagittal control in hyperdivergent Class Il 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 firt m la (15, 5, D).

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 maxllary firt molars with the low
(cervical) pull, followed by the horizontal pull and the
high pull. They also obtained greater intrusion of the
maxéllary firt 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.

Effects of teuscher activator - Fea

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 I 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 Il 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 11
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 studly, a finte element model was built to simula-
te the TA’s effects on hyperdivergent Class Il 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 fiv 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 influnce 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 Il malocclusion treatment in
growing patients because it promotes displacement of
the teeth and maxillary complex, promoting vertical
control.
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Abstract

Objectives. Facial perception depends on the different components of the face. The
chin is a striking anatomical structure in the individual’s identity and mandibular
symphysis (MS) shape influences the adjacent soft tissue, determining facial harmony.
In lateral cephalometry, the MS corresponds to the image of the mandibular body in
its anterior curvature. It shape, inclination and thickness provide valuable information
for orthodontic diagnosis and prognosis. Since facial features are associated with
malocclusions, the present investigation aims to relate the height, thickness and
inclination of the MS using Angle’s Class.

Methods. 495 lateral incidence cephalograms of an orthodontic population were
analyzed using a previously developed and tested software. The sample was randomly
selected and the height, thickness and inclination of the MS were measured. The
values were statistically analyzed (p < 0.05).

Results. The distribution according to Angle’s Class was 48.9% for Class I, 34.7%
for Class II Division 1, 7.4% for Class II Division 2 and 8.9% for Class III. The MS
height did not’t show significant differences between the three dental classes. The MS
thickness was significantly increased in Class II Division 2 and Class I subjects (p =
0,037). The MS inclination was significantly less in Class IIT subjects when compared
to Class I and Class II Division 1 (p < 0.001).

Conclusions. The MS presented variations, which may be associated with a natural
compensation against malocclusion, influencing the position of the teeth and their
relationship with the other dento-craniofacial structures and with consequences on the
facial harmony.

Keywords: mandibular symphysis, chin, angle class, orthodontic treatment, facial
aesthetics

as immobility, which distinguish it from
other joints in the body. Anatomically, it
is the structure that establishes the union
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subcomponents of the face [1,2]. Among
the most relevant anatomical areas for
addressing orthodontic problems, the
mandible stands out due to the importance
that this skeletal structure plays in the
composition of facial balance and also
the aesthetic perspective [3-5].

The term symphysis is reserved
to define a certain type of suture or bone
joint with special characteristics, such

between the two halves of the mandibular
bone in the anterior region, coinciding
with the sagittal plane [6,7]. It is present
in the lower 1/3 of the face and, therefore,
it is relevant in terms of aesthetics and
facial harmony [1,4,8]. In harmonious
faces, the lower third is equivalent in size
to the middle third and the upper third [9-
11]. Symphysis, mentum, chin, mentonian
symphysis, mental symphysis and chin
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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
diffeent  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 énflunce mandibular symphysis
morphology, as well as to establish the importance of
incorporating symphysis analysis in orthodontic treatment.

M ethods

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 finl 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 - °) and distances (in millimeters - mm).
These values were properly filed 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 measuresaand when significnt diffeences
were detected, Tukey’s multiple comparisan tests were
used. The decision rule used consisted of detecting
significnt statistical evidence for probability values less
than 0.05.

Ethical considerations: to carry out this study,
facial cephalograms already existing in a cligical fil 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 ¢he confidnt id ity of all information was
guaranteell, and the data used are not identifial e to the
patient.

Taking these facts into account, approval was
requested from the Ethics Committee, from which a
positive response was obtained.

WIDTH

Figures1, 2 and 3. Symphysis variables (1-Height, 2-Width, 3- Inclination).

MEDICINE AND PHARMACY REPORTS Vol. 95/ No. 4 / 2022: 446 - 454

35



Dental M edicine

Reaults

Statistical analysis of measurement error: to
verify the degree of systematic diffeence 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,athere
are no significnt diffeences in the mean values of the
measurements at the two times.

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

T g [rvae | ren |

M S height 1.934 59 0.058  Not significnt
MSwidth -0.143 59 0.887 Not significnt
MSinclinationa -0.300 59 0.201  Not significnt

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 | subjects (45.3%), 159 Class
Il Division (Div.) 1 subjects (32.2%), 34 Class Il Div.2
(6.9%), 42 Class Il individuals (8.5%) @nd 36 undefind
individuals (it was not possible to defin their dental class).

Table 1l 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
significnt  diffeences were detected, Tukey’s multiple
comparison tests were used. The results are summarized
in table I11.

Tablelll. ANOVA results according to Angle Class.

T T [ pvae | Reuir |

MS height (4.488) 2.821 0.025 Significnt
M S widtha (4.488) 2.691 0.031 Significnt
MSinclimation (4.488) 10.452 <0.0001  Significnt

Tukey’s multiple comparison tests for significant
results are shown in table IV.

From the results shown in table IV, significnt
diffeences 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 symphyses did not show
significnt d ffernces betwee n the thee dental dasses.

The symphysis width was significantly greater in
Class Il Div.2 subjects.

The symphysis inclination was significantly lower
in Class 111 subjects when compared to Class | subjects,
and Class Il Div.l individuals had the highest MS
inclination value.

Table I1. Summary statistics for measures according to Angle Class.

| _______|AngleClass

Class | 226

Class Il Div.1 159

i Class Il Div.2 34
MSEEE Class ¢l 41
Undefind 35

Total 495

Class | 226

Class Il Div.1 159

) Class Il Div.2 34

M Swidth Class 181 41
Undefind 35

Total 495

Class | 226

Class Il Div.1 159

MS Class |1 Div.2 34
inclination  Class ¢l 41
Undefind 35

Total 495

31.49 3.59 2146 4313
31.31 3.74 22.68  38.69
31.81 297 2348 3882
31.91 4.32 24.64  40.86
33.55 3.96 2525 4207
31.64 3.72 2146 4313
14.05 1.85 8.82 23.56
14.18 1.95 9.72 19.78
15.05 1.64 11.12 1856
14.26 2.20 1022 23.36
13.65 1.92 1064 18.86
14.15 1.92 8.82 23.56
76.00 5.46 62.44  89.13
77.61 6.82 26.96  89.03
73.95 5.24 66.08  87.57
7157 5.33 62.00 82.80
74.05 6.08 56.85  84.39
75.87 6.18 26.96  89.13
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Table IV — Multiple comparisons according to the Angle Class.

[ [)AngeClass  [(3)AngleClass mean diffe ence (I-J)

Class Il Div.1 0.17119 0.992
Class | Class I Div.2 -0.32445 0.989
Class 1l -0.42808 0.960
Undefind -2.06558* 0019
. Class I Div.2 -0.49564 0.954
MSheight (M) oo 11 Div Class IlI -0.59926 0.887
Undefind 2.23677* 0011
. Class 11 -0.10368 1.000
Class 11 Div.2 Undefind -1.74113 0.289
Class 18l Undefind -1.63753 0,305
Class Il Div.1 -0.12469 0.970
Class | Class I Div.2 -0.99735* 0.037
Class 11 -0.20608 0.969
Undefind 0.40519 0.769
) Class I Div.2 -0.87266 0.111
MSwidth (mm) — cyaco 11 Div Class Il -0.08148 0.999
Undefind 052988 0570
. Class 111 0.79126e 0.381
Class 1l Div.2 Undefind 1.40254* 0.020
Class 18l Undefind 0.61128 0.632
Class Il Div.1 -1.60818 0.071
Class | Class Il Div.2 2,.04689 0336
Class 11 4,.42608* 0.000
Undefind 1.95096 0373
o Class I Div.2 3.65507* 0011
0"
MSindlination () ¢ya6 11 Diva Class Il 6.03425¢ 0.000
Undefind 3.55014* 0013
. Class 111 2.37918e 0.421
Class 1l Div.2 Undefind -0.09593 1.000
Class 18l Undefind -2.47511 0.371
*significnt d fferrces fa a5%s igificne lewd.
35,00
E a0
=
[
=
i3
-E 3300
E
&
o
ﬁ 3200 I o
.00 I
30,00
Class | Class Il, div. 1 Class I, div. 2 Class Il
Angle Class

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.
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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 thererare diffeences 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, a
men have a significnt ly higher mean value than women in
terms of symphysis thickness.
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Table V. Summary measurements of the symphysis measurements.

[ e S e | ol

Mean 32,22 31,43 31,65
Median 32,74 31,49 31,73
M S height Standard Deviation 4,51 3,37 3,74
Minimum 22,84 21,46 21,46
Maximum 43,13 42,43 43,13
Mean 14,66 13,95 14,15
Median 14,57 13,82 14,08
M Swidth Standard Deviation 2,08 1,81 1,92
Minimum 8,82 9,68 8,82
Maximum 23,36 23,56 23,56
Mean 76,42 75,63 75,85
Median 76,63 75,69 76,00
M S inclination Standard Deviation 5,94 6,28 6,19
Minimum 56,85 26,96 26,96
Maximum 88,57 89,13 89,13

Table V1. Results ofahe t-student test for symphysis measurements according to sex.

T T b Reit

M height 1,871

M S widtha 3,756

MSindiaation 1,279
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, luliano-8urns [33] justifie the bone
dimorphism in MS by the later growth in males and claims
that the differences in bone width are partially established

203,358 0,063 Not significnt
492 <0,0001 Significnt
492 0,201 Not significnt

before puberty [34].

Regarding to height, although the diffeence was
not statistieally significnt, there was also ra diffeence
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 Il 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 symphysiadid not show significnt diffeences
between the three dental classes (Table 1V, Figure 4).
The symphysia width was significntly larger in Class
Il Div.2 individuals (Table 1V, Figure 5). The inclination
of the symphysia was significntly lower in individuals
with dental  Class Il when compared to individuals
with Class I. Individuals with Class Il Div.1 had a bigger
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inclination of the mandibular symphysis when compared
to individuals with Class Il Div.2 and Class Ill, although
this difference is not statistically significant compared to
Class | (Table 1V, 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 projeetion of the MS influnce 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
recognitionand for the perception of empathy among others
are contained within what has been éefind 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 frontak view, but also in profil 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 Il Division 2 individuals and the inclination
had the lower values in Class Il individuals.

The shape of mandibular symphgsis is influnced 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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The aim of this study was to perform a systematic review and meta-analysis on the sagittal
joint spaces measurements of the temporomandibular joint. An electronic database search
was performed with the terms “condylar position”; “joint space” AND “TMJ”. The risk of
bias of each study was assessed with “Cochrane risk of bias tool”. The values used in the
meta-analysis were the joint space measurements and their differences between the right
and left joint.

From the initial search 2706 articles were retrieved. Eighteen articles classified for final
review. Only one study was classified as having high level of evidence. Seventeen of the
reviewed studies were included in the meta-analysis concluding that the mean sagittal joint
space values were: anterior joint space 1.86 mm, superior 2.36 mm and posterior 2.22 mm.
However, the analysis also showed high levels of heterogeneity. Right and left comparison
has shown statistically significant differences.
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Elsevier Espaiia, S.L.U. This is an open access article under the CC BY-NC-ND license
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O objetivo deste estudo foi realizar uma revisdo sistemdtica e meta-andlise sobre os
espagos articulares sagitais da articulagdo temporomandibular. Foi realizada uma pesquisa
eletrénica com os termos “condylar position”, “joint space”’ AND”TM]J”. O nivel de evidén-
cia de cada estudo foi avaliado com “Cochrane risk of bias tool”. Os valores sumariados
na meta-analise foram os espacos articulares e a diferenca entre a articulagdo direita e
esquerda.

E-mail address: joanacristinapsilva@gmail.com (J.C. Silva).
http://dx.doi.org/10.1016/j.rpemd.2015.04.002
1646-2890/© 2015 Sociedade Portuguesa de Estomatologia e Medicina Dentaria. Published by Elsevier Espafia, S.L.U. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

44




REV PORT ESTOMATOL MED DENT CIR MAXILOFAC.2015;56(2):80-88 81

Da pesquisa inicial resultaram 2076 artigos dos quais 18 foram selecionados para a revisao.
Apenas um estudo foi considerado de elevado nivel de evidéncia. Foram incluidos na meta-
andlise 17 dos artigos da revisdo concluindo-se que, os valores médios para os espacos
articulares sagitais foram: 1.86 mm para o anterior, 2.36 mm para o superior e 2.22 mm para
o posterior. No entanto, a andlise revelou ainda grande heterogeneidade nos resultados
dos estudos avaliados. Verificaram-se diferencas estatisticamente significativas entre as
articulagdes esquerda e direita.

© 2015 Sociedade Portuguesa de Estomatologia e Medicina Dentéria. Publicado por
Elsevier Espaiia, S.L.U. Este é um artigo Open Access sob a licenca de CC BY-NC-ND

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The mandibular condyle position has been at the centre of a
long lasting controversy among gnathologists and orthodon-
tists. The ideal concept of the mandibular condyle position
has changed from the most retruded position of the condyle in
the glenoid fossa to the most superior position of the condyle.
Nowadays it is accepted as the most anterosuperior position of
the mandibular condyle in the glenoid fossa with the articular
disk placed in between.'* The literature also shows a great
confusion concerning the relationship between dental occlu-
sion and the temporomandibular joints. It is possible to find
articles proving the relationship between these two variables,
while others achieved contrary results with no relationship
being suggested.”® The major focus of the discussion usually
is the ideal mandibular condyle position and the effects of
its variation.**'° With the evolution of radiographic exams
like computerized tomographies (CT), including the new
3D cone-beam computed tomography (CBCT) and magnetic
resonance imaging (MRI) it is now possible to radiographically
examine the position of the condyle.'*'* The most common
method found in the literature to determine this position is
the assessment of the joint space measurements, which are
the radiographic space found between the condyle and the
glenoid fossa where the articular disk is placed.'* A variation
on the values of these measurements suggest a displacement
of the condyle and so, the determination of the “gold standard”
for these values would be a very important tool to determine
any variation to the condyle position. The aim of this study
is to perform a systematic review and meta-analysis on the
sagittal joint space measurements of the temporomandibular
joint to assess the mean values for these measurements.

Methods
Search strategy

A comprehensive electronic database search to identify rel-
evant publications was conducted, and the reference lists in
relevant articles were searched manually for additional liter-
ature. No language restrictions were set, although no attempt
was made to explore the informally published literature, like
conference proceedings and abstracts of researches presented
at conferences and dissertations. The research extended to the
following databases: Medline (Pubmed), Lilacs, Scopus, Ebsco

(Host by University of Porto) and Cochrane Central Register of
Controlled Clinical Trials.

The search terms were “condylar position” and “joint
space” AND “TM]J” with no year of publication 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 Por-
tuguese Society of Dentofacial Orthopedics’ libraries were also
consulted for printed articles not available online.

Critical evaluation

At the first stage, two reviewers screened independently the
titles of the retrieved records, and only the titles related to
TMJ joint space assessment were included. Joint space was
defined as the radiographic image between the mandibular
condyle and the glenoid fossa where the disk is interposed.
Next, the abstracts of the retrieved publications were read
by the two reviewers and categorized according to the radio-
graphic procedure used to assess the joint space. An article
had only to be justified by one reviewer to be included in
the second selection phase. Eligibility of the retrieved articles
was determined by applying the following inclusion criteria:
(1) tomographic examination of the TMJ (2) determination
of sagittal joint space measurements at least on two dif-
ferent points (anterior and posterior). The main reasons for
exclusion were: mandible fractures, studies not performed in
living humans, surgical interventions, studies with patients
with syndromes or chronic diseases (including degenerative
pathology of the TM]J), samples containing patients only in
the primary or mixed/early permanent dentition, clinical only
evaluation of the mandibular condyle position, 2D radiograph
or magnetic resonance imaging, previous orthodontic or splint
therapy, 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 relevant,
it was read in full text. At the second stage, the full texts were
retrieved and critically examined. Reference lists from the arti-
cles selected on the second stage were screened and articles
related to joint space measurements were hand-searched.

Data gathering
The following data were extracted from the selected arti-

cles: year of publication, study type, study method, sample
description, joint space measurements on the sagittal plane,
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error analysis method, statistical analysis and author’s con-
clusion. This method was pilot-tested on ten randomly
selected included articles and then refined. 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 accord-
ing to the “Cochrane risk of bias tool”’” as suggested by
the “PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interven-
tions: explanation and elaboration”.’®

Meta-analysis

The values studied in this meta-analysis were the sagittal
joint space measurements (anterior, superior and posterior
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 between the right and

left joints, mean and standard deviation 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.

Heterogeneity was determined using the Q Cochran test
and the I? statistics by Higgins and Thompson.'”

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

The initial search strategy allowed retrieving 916 articles from
Medline (Pubmed), 1114 from Scopus, 158 from EBSCOhost,

I

Included

Records excluded

—
g Records identified through Additionnal records identified
= database searching through other sources
2 (n=2706) (n=2)
<
)
: l l
e Records after duplicates removed
(n=1427)
o
£
o l
)
©
3 Records screened
(n=1427) > (n=1362)
)
= |

Full-text articles
assessed for eligibility
(n=28)

Full-text articles
excluded, with reasons
(n=10)

|

Studies included in
qualitative synthesis
(n=18)

!

Studies included in
quantitative synthesis
(meta-analysis)
(n=17)

Fig. 1 - Flow diagram illustrating the search strategy results.
Source: Adapted from: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for

Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097.
doi:10.1371/journal.pmed1000097.
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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 flow diagram (Fig. 1). After excluding 978 duplicates,
1230 articles remained for review. In the first phase selec-
tion, 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 excluded, 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,
18 articles classified for final review.

Type of study and method used for joint space assessment

A Randomized Clinical Trial (RCT)'® was found. Aditionally,
six prospective'®?* and eleven retrospective’”>° studies were
found that fullfilled the elegibility criteria defined for this
review. Six of the selected articles???>?7:323% used CBCT to
assess the TMJ joint space while nine!#21,2326.28,30,35 yged con-
ventional CT and three *#?%°! used linear tomography.

Twelve of the selected studies!®?1.232426.28-3052,33,35
assessed the joint space measurements by determining the
closest distance between the mandibular condyle and the
glenoid fossa surface.

Table 1 - Summary of the quality analysis of the 18 included studies.

Estimation of Sample Error Normality Adequate Randomization Statistical Level of
sample size description analysis tests statistics analysis evidence
provided
1% No/Not Yes No Yes Yes No Adequate Low
known
22 No/Not Yes No No Yes No Adequate Low
known information (correlation)
N>30
3% No/Not Yes Yes No Yes No Adequate Low
known information
4 No/Not Incomplete No No Yes No Adequate Low
known information (correlation)
N>30
5?7 No/Not Yes Yes No Yes No Adequate Low
known information
6 No/Not Yes Yes Yes Yes Yes Adequate Moderate
known
7% No/Not Incomplete Yes No Yes No Adequate Low
known information
8 No/Not Yes No No Incomplete No Adequate Low
known information (correlation)
N>30
9% Yes Yes Yes No Yes No Adequate Low
information
Non-
parametric
tests
10° No/Not Incomplete Yes No Yes No Adequate Low
known information
N>30
11%'  No/Not Incomplete Yes No Yes No Adequate Low
known information (correlation)
12?  No/Not No Yes No Yes No Adequate Low
known information
13°!  No/Not Yes No No Yes No Adequate Low
known information
N>30
14 No/Not Incomplete No No Yes No Adequate Low
known information
15**  No/Not Yes No No Incomplete No Adequate Low
known information
16** No/Not Yes No No Incomplete No Adequate Low
known information (correlation)
17°°  No/Not Yes No No Incomplete No Adequate Low
known information
18%> No/Not Incomplete No No Yes No Adequate Low
known information (correlation)
N=30
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AJS

Study n Mean SD Weight Mean [95% Cl]
Study 1 80 2 0.51 i 5.98% 2.00[1.89,2.11]
Study 2 80 2.6 0.83 —— 5.86% 2.60[242,2.78]
Study 3 80 1.96 0.29 - 6.03% 1.96[1.90,2.02]
Study 4 60 125 048 5 2 597% 1.25[1.13,1.37]
Study 5 24 1.3 0.2 L 6.02% 1.30[1.22,1.38]
Study 6 44 18 093 — 5.62% 1.80[1.53,2.07]
Study 7 78 2.81 1.03 —— 5.75% 2.81[258,3.04]
Study 8 78 163 043 HilH 6.00% 1.53[1.43,1.63]
Study 9 45 225 0.61 —— 5.86% 2.25[2.07,243]
Study 10 60 126 0.56 il 593% 1.26[1.12,1.40]
Study 11 92 121 048 - 6.00% 1.21[1.11,1.31]
Study 12 40 197 092 —_— 559% 1.97[1.68,226]
Study 13 464 259 0.95 E 3 6.01% 2.59[2.50,2.68]
Study 14 79 194 0.62 i 5.94% 1.94[1.80,2.08]
Study 16 80 1.88 0.71 —— 591% 1.88[1.72,2.04]
Study 17 40 2.06 0.86 —_— 5.64% 2.06[1.79,2.33]
Study 18 60 128 0.66 —— 5.89% 1.28[1.11,1.45]
RE Model e 100.00% 1.86[1.62,2.10]
Q(16)=1032.11, p<.001, 12=98.49 : I ‘ ‘ |

0.50 1.25 2.00 2.75 3.50

Mean

Fig. 2 - Mean anterior joint space in each study and globally.

On the other hand, four articles?>?”*1** used a geomet-
rical construction to assess the joint space measurements.
Different authors used the Frankfurt horizontal line or the true
horizontal line as a reference plane to determine the most
superior point of the glenoid fossa. Following, the distance
between this point and the highest point of the condyle (deter-
mined by the same method) was measured, resulting the value
of the sagittal joint space. After this, starting from the most
superior point of the glenoid fossa, two tangent lines were
traced to the most anterior and posterior point of the condyle
respectively. The distance between each of these points and
the point where a perpendicular line to the tangents crosses
the surface of the glenoid fossa was the anterior and posterior
joint space respectively.

Two studies'®?? used a similar method to the one described
above, but used the centre of the mandibular condyle as the
reference point.

Quality assessment

The summary of the quality analysis of the selected articles is
presented in Table 1.

In general, the statistical analysis performed was adequate
to the objectives defined on each study and the statistical
data are adequately presented in most cases. Apart from
this, nine of the included articles?!2426-28.303% yged para-
metric tests (T Student or ANOVA) in small samples (less
than 30), with no information on the normality of the data.

SJS

Study n Mean SD Weight Mean [95% Cl]
Study 1 80 3.3 0.9 —— 7.15% 3.30[3.10,3.50]
Study 3 80 249 0.55 - 7.24% 2.49[2.37,261]
Study 4 60 1.67 0.63 —— 7.20% 1.67[1.51,1.83]
Study 5 24 25 0.5 —— 7.15% 2.50[2.30,2.70]
Study 8 78 192 0.71 —.— 7.20% 1.92[1.76,2.08]
Study 9 45 245 071 —— 713% 2.45[2.24,2.66]
Study 10 60 1.58 0.55 ol 7.22% 1.58[1.44,1.72]
Study 11 92 1.68 0.72 i 7.22% 1.68[1.53,1.83]
Study 12 40 244 08 —— 7.07% 2.44[2.19,2.69]
Study 13 464 3.33 097 L 7.27% 3.33[3.24,3.42]
Study 14 79 273 0.68 .- 7.21% 273[2.58,2.88]
Study 16 80  8.58 1.37 — s 6.96% 358[3.28,3.88]
Study17 40  1.99 1.24 6.76% 1.99[1.61,2.37]
Study 18 60 135 0.6 i 7.21% 1.35[1.20,1.50]
RE Model ———— 100.00% 2.36[1.99,2.72]
Q(13)=1117.08, p<.001, 12=98.64% | | | |

1.00 175 250 325  4.00

Mean

Fig. 3 - Mean superior joint space in each study and globally.
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PJS

Study n Mean SD Weight Mean [95% ClI]

Study 1 80 225 0.76 —_— 6.27% 2.25[2.08,2.42]
Study 2 80 3.12 1.02 —— 6.10% 3.12[2.90,3.34]
Study 3 80 231 041 L ] 6.43% 2.31[222,240]
Study 4 60 1.86 0.66 —— 6.27% 1.86[1.69,2.03]
Study 5 24 241 0.3 i 6.38% 2.10[1.98,222]
Study 6 44 2.02 07 —— 6.15% 2.02[1.81,2.23]
Study 7 78 252 0.74 —— 6.28% 2.52[2.36,2.68]
Study 8 78 1.82 047 L 6.41% 1.82[1.72,1.92]
Study 10 60 1.76 0.46 - 6.39% 1.76[1.64,1.88]
Study 11 92 221 079 i 6.29% 2.21[2.05,2.37]
Study 12 40 1.93 057 —— 6.24% 1.93[1.75,2.11]
Study 13 464 276 1.01 - 6.43% 2.76[2.67,2.85]
Study 14 79 2.05 0.62 ol 6.35% 2.05[1.91,2.19]
Study 16 80 326 1.31 — 5.87% 3.26[2.97,3.55]
Study 17 40 1.83 0.85 — 5.96% 1.83[1.57,2.09]
Study 18 60 1.86 0.78 —— 6.18% 1.86[1.66,2.06]
RE Model — 100.00% 2.22[2.00,2.45]

Q(15)=440.70, p<.001, I2=97.37% | |

1.00 1.75

I I |
2.50 3.25 4.00

Mean

Fig. 4 - Mean posterior joint space in each study and globally.

Pearson correlation was used by six authors,'%?12429,3235

with no mention to the linear relation between the vari-
ables, which is necessary to the use and interpretation of
this coefficient. Seven studies'®?3?%3> did not present an
adequate sample description, with no information about
the age or gender. The other eleven'®2#2/.2°3% showed at
least, the number of patients from each gender and data
concerning the age of the included sample (mean, stan-
dard deviation, minimum and maximum values). The error
analysis was presented in seven of the articles.'®21,22.26-28,33
Only one study presented the estimation of sample size.*
Randomization was used by Tsuruta et al.’® and none of
the retrieved articles presented blinding in measurements.
Only one'® of the studies was classified as moderate level
of evidence, as it presents randomization and adequate
statistics but fails to presents blinding in measurements.
All the other articles were classified as low level of
evidence.

Meta-analysis results

Seventeen of the studies presented on the review were
included in this meta-analysis. One study>* did not present
standard deviation values and so, statistical comparison with
other studies was not possible.

The mean anterior joint space from the 17 considered stud-
ies was 1.86mm (95% CI: 1.62-2.10), although high levels of
heterogeneity were found among the studies (Q(16) = 1032.11;
P<0.001; I? =98.49%) (Fig. 2).

The superior joint space presented a mean value of
2.36mm (95% CI: 1.99-2.72), also with high levels of hetero-
geneity between the 14 articles that presented this value
(Q(13)=1117.08; P <0.001; I =98.64%) (Fig. 3).

The posterior joint space also presented high heterogene-
ity among the 16 included samples (Q(15)=440.70; P <0.001;
12 =97.37%) with a mean value of 2.22mm (95% CI: 2.00-2.45)
(Fig. 4).

Left Right AJS
Study n Mean SD Mean SD Weight  Mean diff [95% ClI]
Study 1 40 1.9 05 21 05 .—-— 10.04% -0.20[-0.42, 0.02]
Study 2 40 2.66 0.88 253 0.78 -—'—-—- 3.63% 0.13[-0.23, 0.49]

Study 3 40 191 025 2 0.32

30.44% -0.09[-0.22, 0.04]

Study 4 30 1.28 053 1.22 0.44 —— 7.94%  0.06[-0.19, 0.31]
Study 10 30 1.22 0.51 1.29 0.61 — 596% —-0.07[-0.35, 0.21]
Study 11 46 1.15 052 1.27 0.44 —— 12.45% -0.12[-0.32, 0.08]

Study 12 20 2.02 093 1.92 0.94
Study 13 . X
Study 14 39 198 0.65 1.91 0.59

—— 6.43%

1.44%  0.10[-0.48, 0.68]

—— 16.30% —-0.18[-0.35,-0.01]

0.07[-0.20, 0.34]

Study 16 40 1.7 061 207 075 m—m7a—— !} 5.37% -0.37[-0.67,-0.07]

RE Model
Q(9)=9.94, p=.355, I2=0.02%

100.00% -0.10[-0.17 ,-0.03]

-0.75 -0.38

i | 1
0.00 0.38 0.75

Mean difference (left -right)

Fig. 5 - Mean difference between the anterior joint space on the right and left joints for each study and globally.
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Left Right SJS
Study n MeanSD Mean SD Weight  Mean diff [95% CI]
Study 1 40 34 09 32 09 : 7.11% 0.20[-0.19 ,0.59]
Study 3 40 247 0.51 252 0.6 —— 15.54% -0.05[-0.29 ,0.19]
Study 4 30 1.66 0.66 1.67 0.62 —i—- 9.95% -0.01[-0.33 ,0.31]
Study 10 30 1.59 0.54 1.57 0.56 — 12.72% 0.02[-0.26 ,0.30]
Study 11 46 1.65 0.69 1.7 0.76 '—-‘— 11.50% -0.05[-0.35 ,0.25]
Study 12 20 256 0.81 2.32 0.79 —_—— 471% 0.24[-0.26 ,0.74]
Study 13 232 3.44 1 3.23 0.93 + 24.06% 0.21[ 0.03 ,0.39]
Study 14 39 2.65 0.71 2.81 0.66 '—I—'— 11.14% -0.16[-0.46 ,0.14]
Study 16 40 3.47 1.38 3.7 1.37 : 3.27% -0.23[-0.83 ,0.37]
RE Model —— 100.00% 0.04[-0.07,0.15]
Q(8)=8.24, p=.410, 2=19.31% I : I : ‘
-0.85 -0.42 0.00 0.42 0.85

Mean difference (left-right)

Fig. 6 - Mean difference between the superior joint space on the right and left joints for each study and globally.

The mean global differences and the differences among the
studies between the right and left anterior, superior and pos-
terior joint spaces are show in Figs. 5-7 respectively. In all of
the comparisons, the difference is close to zero.

For the anterior joint space, the mean difference is
—0.10mm (95% CI: —0.17; —0.03), without heterogeneity
between the included samples (Q(9) = 9.94; P =0.355; I? = 0.02%)
(Fig. 5).

As for the mean difference between the right and left
superior joint spaces, the value was 0.04 mm (95% CI: —0.07;
0.15), presenting low heterogeneity among the differences
found on the different studies considered (Q(8) = 8.24; P=0.410;
1 =19.31%) (Fig. 6).

The posterior joint space of the right and left joints showed
moderate heterogeneity between the samples (Q(9)=21.07;
P=0.012; 1*=56.48%) with a mean global difference of
—0.04mm (95% CI: —0.17; 0.10) (Fig. 7).

Discussion

Joint space measurements have been used to assess the
mandibular condyle position radiographically since this
method was used in laminographies.*® Since then the tech-
nology has evolved so much that it is now possible 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 scientific 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
acquisition process and in measurements, than 3D radio-
graphic methods.?” MRI was also excluded because this exam
is not indicated to assess hard structures and, as both the
mandibular condyle and the glenoid fossa joint space limits
are mainly bone and cartilage, this is not the best exam for

Left Right PJS

Study n  Mean SD Mean SD Weight Mean diff [95% Cl]
Study 1 40 24 08 21 07 -—I—- 9.22% 0.30[-0.03,0.63]

Study 2 40 2.98 1.08 3.26 0.94 '—'—‘ 6.47% -0.28[-0.72,0.16]

Study 3 40 2.31 0.38 2.32 0.44 —— 14.54% -0.01[-0.19,0.17]

Study 4 30 1.76 0.62 1.96 0.69 '—I—'— 9.15% -0.20[-0.53,0.13]

Study 10 30 1.65 0.45 1.87 0.45 —— 12.68% —0.22[-0.45,0.01]

Study 11 46 21 0.73 2.32 0.83 -—I— 9.52% —0.22[-0.54,0.10]

Study 12 20 1.98 0.63 1.87 0.51 -—-— 8.50% 0.11[-0.25,0.47]

Study 13 232 2.89 0.97 2.63 1.04 P o—— 14.43% 0.26[ 0.08,0.44]

Study 14 39 2 0.61 21 063 -—.—-—< 11.01% -0.10[-0.37,0.17]

Study 16 40 3.12 1.23 34 1B 4.48% -0.28[-0.85,0.29]

RE Model ———— 100.00% —0.04[-0.17,0.10]
Q(9)=21.07, p=.012, 12=56.48% I I I |

-0.86 -0.43 0.00 0.43 0.86

Mean difference (left-right)

Fig. 7 - Mean difference between the posterior joint space on the right and left joints for each study and globally.
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accurately determine joint space measurements.® Further-
more, all the articles including extensive treatment that could
significantly influence the joint space, like orthodontic treat-
ment and splint therapy, have been excluded. Finally, studies
with samples exclusively on the mixed and early permanent
dentition were excluded as, according to some authors, the
mandibular condyle is not completely formed before the end
of the growth, in other words until 15-16 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 coor-
dinates. According to this, joint space analysis done only on
one point does not provide enough information to determine
the position of the mandibular condyle in the glenoid fossa.

The meta-analysis showed high levels of heterogeneity
among the selected studies what is possibly explained by the
high heterogeneity between the selected studies: the sam-
ple sizes varies between 24”’ and 464 patients,’! there are
different samples from carefully selected normal joints'®?’
to patients presenting malocclusions?>?%31-333> or temporo-
mandibular disorders?®?* and different methods'®?>?” were
used to determine the joint spaces (as showed during the sys-
tematic review). All these factors may have contributed to high
heterogeneity between the samples.

The results from this investigation also showed statistically
significant differences between the right and left joints for the
anterior joint space (AJS), while the opposite was found for the
posterior joint space (PJS). However, the mean difference was
—0.10mm (95% CI: —0.17; —0.03) and, therefore, it is very close
to 0. Moreover, comparison of the AJS and the PJS between the
right and left joints was performed on 10 of the retrieved arti-
cles, and only two showed statistically significant differences
for the AJS. The fact that one of the studies had the biggest
sample (n=232) with a power of 16.30% on the meta-analysis
might explain the statistically significant result for the AJS.
A previous study suggested that this asymmetry would be
related to normally asymmetric cranial bases or side prefer-
ences during mastication.’’ Moreover, most patients show a
centric relation-centric occlusion discrepancy, usually caused
by a posterior interference that is unilateral in most cases.*0**
As an adaptation, the condyles might move asymmetrically
and while the contra-lateral condyle moves sagittaly, the ipsi-
lateral rotates to establish a more balanced dental occlusion.
The absence of statistically significant differences between
right and left joints for the PJS may be explained by stabiliza-
tion of the TMJ posteriorly by the articular disk.

Conclusion

There is insufficient scientific evidence concerning sagittal
joint spaces of the TM], as there are no articles with high level
of evidence and only one study presents moderate level of
evidence.

Although no high level of evidence studies were found,
the authors decided to perform a meta-analysis of the mean
sagittal joint spaces of the TMJ and the differences between
the right and left joints. The mean anterior joint space was
1.86mm (CI 95%: 1.62-2.10), the superior joint space was
2.36mm (CI 95%: 1.99-2.72) and the posterior was 2.22mm

(CI95%: 2.00-2.45). However, a high level of heterogeneity was
found, meaning that these results must be considered with
care. However, the results of the meta-analysis suggest that
the posterior joint space is larger than the anterior joint space.
This result is in accordance to the concept in use that the
mandibular condyle must be on the most superior-anterior
position in the glenoid fossa.”®'°

The analysis of the difference between the right and left
sagittal joint spaces showed statistically significant differ-
ences between the two joints in the anterior joint space, but
not in the superior and posterior joint spaces.

More research with more solid methodology is needed on
this topic.
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This article presents the clinical case of 21 years old female patient reporting history of
Arthrogryposis Multiplex Congenita (AMC). The extraoral examination disclosed clinical
AMC pathognomonic signs. The intraoral examination revealed slight compression of the
maxillary arch, conical upper lateral incisors, absence of 17 and 35, 53 persistence, upper
cuspids inclusion and agenesis of third molars. Additionally, there was a severe generalized
shortening of the tooth roots, with a general 1:1 root/crown proportion. The extraction of
23 was planned due to its maxillary position. Relatively to the 13, the orthodontical traction
with a microimplant was the option. Treatment planning established orthodontics to restore
esthetics and function followed by rehabilitation with implants. Finally, the esthetic com-
posite restorations of 12 and 22 were programmed, given the limited prognosis presented
by fixed prosthesis in the cases of root/crown low proportions.
© 2015 Sociedade Portuguesa de Estomatologia e Medicina Dentaria. Published by
Elsevier Espafia, S.L.U. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Artrogripose Miiltipla Congénita associada a alteragées - intraorais
abordagem multidisciplinar
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Este artigo apresenta um caso clinico de uma paciente de 21 anos, do sexo feminino,
que relatou histéria de Artrogripose Multipla Congénita (AMC). O exame extraoral rev-
elou sinais clinicos patognoménicos de AMC. O exame intraoral revelou compressio da
arcada maxilar, incisivos laterais superiores conoides, auséncia do 17 e do 35, persisténcia
do 53, inclusdo dos caninos superiores e agenesia dos terceiros molares. Adicionalmente,
verificou-se um encurtamento radicular severo generalizado, com a maioria das proporg¢des
rais/coroa 1:1. Foi planeada a extracgdo do 23, dada a sua posi¢do na maxila. Relativamente
ao 13, a tracdo ortoddntica com um microimplante foi a opgéo eleita. Planeou-se o recurso

E-mail address: helenamaltezrodrigues@gmail.com (H.M. Rodrigues).
http://dx.doi.org/10.1016/j.rpemd.2015.06.002
1646-2890/© 2015 Sociedade Portuguesa de Estomatologia e Medicina Dentaria. Published by Elsevier Espafia, S.L.U. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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a ortodontia para restabelecer estética e funcdo, seguida de reabilitacdo com implantes.
Finalmente, planearam-se restauragdes estéticas a compdsito nos dentes 12 e 22, dado o
limitado progndstico oferecido pela prétese fixa em casos de baixas proporg¢des raiz/coroa.

© 2015 Sociedade Portuguesa de Estomatologia e Medicina Dentéria. Publicado por
Elsevier Espafia, S.L.U. Este é um artigo Open Access sob a licenca de CC BY-NC-ND

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Arthrogryposis Multiplex Congenita (AMC) is a rare congeni-
tal disorder,! affecting 1 in 3000’ to 1 in 12,000° newborns. It
involves the presence of multiple non-progressive,* symmet-
ric joint contractures,** sometimes associated with muscle
weakness and fibrosis.*

This disease can present an isolated form or it can also be
associated with other congenital anomalies, as part of a syn-
drome, with or without central nervous system involvement.®

This condition’s etiology is considered multifactorial and
may be presented as a monogenic disease (autosomal reces-
sive transmission, autosomal dominant or associated with the
X chromosome), as a chromosomal disorder or as a congen-
ital malformation (involving various organs).” AMC may also
be associated with environmental factors such as infections,
drugs administration, trauma, chronic diseases, oligohydram-
nios or abnormal uterus structure (affecting the mother and
the developing fetus).” These factors described in the etiology
of AMC are also common to approximately 7% of the congen-
ital abnormalities in general.®

In the recognition of early clinical signs of AMC, in the last
months of pregnancy, decreased fetal movement (fetal akine-
sia) is considered a common denominator to all AMC affected
individuals, conditioning a variety of minor fetal deformities.
It is important to notice the absence of movement, essential
for joints and periarticular tissues development, leads to an
increase of connective tissue around the immobilized joint
with rippling of the skin covering the joint, muscle atrophy
and changes in the joint surface depending on the position of
the immobilization.*#

The involvement of the temporomandibularjoint (TM]) is
a common AMC complication, conditioning the mandibular
kinetics.”? Other common features include the presence of
micrognathia,”® slightly shortened limbs, intrauterine growth
restriction, pulmonary hypoplasia and short and/or immature
bowel.? Some cases of AMC were also found associated with
the presence of upper lateral conoid incisors,' hypodontia®*
and delayed tooth eruption.?

ey 7

This paper focused on the presentation of a clinical case
of AMC, emphasizing oral and craniofacial abnormalities and
proposing a treatment approach.

Case report

A female patient, 21 years old, attended a dental appointment
to assess orthodontic treatment need, referring the closure of
existing dental gaps in the upper anterior arch as a priority.
During the anamnesis, the patient reported an AMC history,
diagnosed since childhood.

The extraoral clinical examination (Fig. 1) revealed pathog-
nomonic clinical signs of AMC: multiple joint contractures,
short stature, low set ears and dysplasia of the fingernails and
toenails deployment. The analysis stressed a thin hypertonic
upper lip and a low smile line TMJ clinical examination (by
palpation, auscultation and mandibular kinetics evaluation)
discarded clinical signs of temporomandibular disorder. The
intraoral clinical examination (Fig. 2) showed a slight compres-
sion of the maxillary arch with anterior cross bite on teeth 12
and 22, Class II molar, decreased vertical overbite, upper lat-
eral conoid incisors, absence of 18, 17, 13, 23, 28, 38, 35 and 48
and persistence of 53. In order to assess dental arch discrep-
ancy, Bolton analysis'? revealed a discrepancy with excess on
lower anterior arch (Fig. 3).

Panoramic X-ray (Fig. 4A) complemented by a retroalveolar
X-rays status (Fig. 4B) revealed the inclusion of upper cuspid,
agenesis of third molars (upper and lower), absence of 17 and
45 and a generalized severe dental root shortening.

Ricketts cephalometric analysis (Fig. 4C and D) revealed a
skeletal Class II, with a retro and micrognatic mandible, an
orthopositioned maxilla, a mesocephalic facial type, proclined
and orthopositioned upper and lower incisors, a decreased
interincisal angle and a lip retraction. Functional analy-
sis according to Multifunction System (MFS) classification’®
showed type 1 nasal collapse (narrow nostrils without col-
lapse), type 2 adenoids (slightly convex), type 2 tonsils (appear
slightly), normal swallowing, nasal breathing, type 1 tongue
mobility level (tongue touches the palate). In order to improve

Fig. 1 - Facial appearance at rest - (A) right side, (B) left side, (C) front, (D) smile.
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Fig. 2 - Intraoral photographic status (A) upper occlusal, (B) lower occlusal, (C) right side, (D) front side, (E) left side.

the perception of cuspid location, a computed tomography
(CT) was requested (Fig. 5).

Discussion and conclusions

Root shortening is a rare finding occurring in about 1.3% of
general population, more frequent in females and involves
mostly premolars and maxillary incisors'* with no reports of
its association with AMC.

There are several radiographic measurement techniques
of root/crown ratio (R/C) described in literature. In the present

study the Lind method®® was the one selected for the assess-
ment. According to it, the interproximal concavities between
root and crown correspond to x and y points, being m the
midpoint of x-y segment. The relative root length is calcu-
lated from the apex to m point and the relative coronal length
is the distance between m point and the midpoint of the
incisal edge. The performed evaluation revealed that most
of the patient’s teeth had a R/C ratio <1.0 (Fig. 6). Accord-
ing to Jakobsson et al,'® roots are considered short when
R/C<1.1.

In AMC cases, despite the limitations caused by dental mor-
phology, orthodontic treatment can be considered in order to

Fig. 3 - Dental casts (A) upper occlusal, (B) lower occlusal, (C) right side, (D) front side, (E) left side.
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Fig. 4 - Diagnostic records (A) panoramic X-ray, (B) periapical radiographs, (C) cephalometric radiography, (D) ricketts

cephalometric tracing.

enable opening spaces for rehabilitation with dental implants
in an attempt to restore the appearance and function. Partial
fixed appliances may be used to avoid compromising peri-
odontal structures of adjacent teeth while opening spaces for
rehabilitation. However, partial appliances do not fix all den-
tal positions and may pledge reaching goals related to the
establishment of an ideal functional occlusion. Relative posi-
tion and possibility of orthodontic traction of impacted teeth
should be carefully considered prior to treatment. Bringing the
impacted canine into a normal position is important in achiev-
ing a functional occlusion and final esthetics of orthodontic
treatment, but factors such as height of the impacted canine,
angulation of the long axis to the upper midline, canine
mesiodistal position of the tip relative to the midline, adja-
cent incisors and the anteroposterior position of the canine
root apex should also be considered.

In this particular case, the left canine presented a horizon-
tal position and was in proximity with the roots of adjacent
teeth. Therefore, extraction seems to be the most suitable
option. As for the right canine, a more conservative approach

would be adequate and it seems that the use of a mini-screw
as a traction auxiliary device would be indicated (to be possible
to traction using a mini-screw) (Fig. 7).

This may avoid loss of anchorage and outline periodontal
limitations. Patients should be informed about the limitations
of these procedures, such as, tooth ankylosis, possible com-
promise of adjacent teeth during root repositioning and the
anatomy and position of the remaining teeth. The decision
of tooth traction or extraction should be decided with the
patient.

Rehabilitation phase can be done based on implant sup-
ported rehabilitation or using a removable partial acrylic
denture. Dental-supported prosthesis has a limited progno-
sis in cases of low R/C ratio. As skeletal prosthesis require too
much support on the abutment teeth, this option should be
discarded.

In order to improve dental esthetics of conoid teeth, when
present, esthetic restorations with composite resin may be
held due to the already mentioned limited prognosis offered
by fixed prosthesis.
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Fig. 5 - Computed tomography, 3D reconstruction - upper (A) occlusal, (B) right side, (C) front side, (D) left side, (E) posterior
side and lower, (F) occlusal, (G) right side, (H) front side, (I) left side, (J) posterior side.

In conclusion, a multidisciplinary approach is essential
to solve this type of cases, covering areas such as genet-
ics, oral surgery, orthodontics, implantology and esthetic
dentistry. Comprehensive treatment must be individualized
and adjusted to patient needs and, when required, sub-
jected to adjustments in face of individual clinical response.
R/C ratio may represent an important determinant and may
affect the dental prognosis and complicate the orthodon-
tic treatment and rehabilitation planning, if considering
factors such as anchorage and functional and mechanical
principles. Especially in orthodontic patients, this prob-
lem is emphasized and gets critical dimension, due to the
high rate of root resorption in patients with previous root
shortenings.
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Fig. 6 - Technical procedure measure R/G ratio.

Fig. 7 - Representation of the microimplant location.
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Received 10 Novem ber 2022 maintaining their sterility conditions?
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Keyw ords: imental group, poucheswere opened, agauze dressingwas placed into them,and they were
Dentistry sterilized again, representing the reuse of the pouches (second sterilization cycle). After the
Environment sterilization cycle, samples were stored for 1 day (TO), 7 days (Tl), 31 days (Tz), and 153 days
Equipment reuse (T,). Positive control group pouches were opened and exposed to contamination in the stor-
Paper/plastic pouches age environment. After the specified storage period, the experimental and negative control
Sterilization groups’ pouches were opened, and the gauze dressings were removed aseptically. All gauze
Sustainable development dressings of all groups, including the positive control group, were incubated in Petri dishes
Waste Management with nutrient agar at 37°C for 3 days. After incubation, the Petri dishes were inspected, and

the microbial contamination w as assessed and classified as pr esent or absent.
Results: The experimental group’s Petri dishes showed no sign of contamination. The same
happened to the negative control group.The positive control group’s Petri dishes presented
microbial contamination. The same results were obtained for all incubation times.
Conclusions: This study showed that sterilization pouches could be used a second time while
maintaining sterility and integrity conditions, even for extended periods (153 days - 5
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O Gaminho para a Sustentabilidade em Medicina Dentaria
- Sera a reutilizagdo de Mangas de Esterilizagdo Vidvel?

RESUMO

Palavras-chave:

Odontologia

Ambiente

Reutilizagao de equipamentos
Mangas de papel/plastico
Esterilizacdo
Desenvolvimento sustentéavel
Gestdo de residuos

Objetivos: Este estudo tinha como objetivo testar se as mangas de esterilizacdo poderiam
ser utilizadas uma segunda vez mantendo as suas condicdes de esterilizacao.
Meétodos: Amostras de mangas de esterilizacdo de papel/plastico foram testadas neste tra-
balho sendo divididas em 3 grupos (grupo experimental - mangas reutilizadas duas vezes;
grupo de controlo negativo - mangas usadas uma vez; e um grupo de controlo positivo -
amostras ambientalmente contaminadas). O grupo experimental incluiu mangas que foram
abertas e uma foi gaze introduzida, sendo novamente fechadas e esterilizadas, represen-
tando assim a reutilizagdo das mangas. Apds o ciclo de esterilizagdo, todas as amostras
foram armazenadas durante 1 dia (T,), 7 dias (T,), 31 dias (T,) e 153 dias (T,). Quanto as
amostras do grupo de controlo positivo, apds o ciclo de esterilizacao, estas foram abertas e
expostas a contaminacdo presente no ambiente de armazenamento. Apds cada ciclo de
armazenamento, as gazes foram incubadas em placas de Petri com Agar Nutriente a 37°C
durante 3 dias. Apds o periodo de incubagdo, as placas de Petri foram inspecionadas e a
contaminagao microbiana foi verificada e classificada como presente ou ausente.
Resultados: A observagédo das placas de Petri do grupo experimental ndo mostrou sinais de
contaminagdo. O mesmo aconteceu com o grupo de controlo negativo. As restantes placas
de Petri contendo os controlos positivos apresentaram contaminagdo microbiana. Os mes-
mos resultados foram obtidos para todos os periodos de incubagéo.
Conclusées: Este estudo mostra que as mangas de esterilizagdo podem ser utilizadas uma
segunda vez, mantendo as suas condicdes de esterilidade e integridade mesmo para longos
periodos de tempo (153 dias - 5 meses de armazenamento). (Rev Port Estomatol Med Dent
Cir Maxilofac. 2023;64(2):72-77)

© 2023 Sociedade Portuguesa de Estomatologia e Medicina Dentaria.

Publicado por SPEMD. Este é um artigo Open Access sob uma licenga CC BY-NC-ND

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Plastic in the medical sector was valued worldwide at 18.9
billion euros in 2019."? In Europe, this market is expected to
reach a value of 4 billion euros by 2024 due to its growing de-
mand.’ The World Health Organization (WHO) explains that
85% of the health sector waste is non-infectious. However,
only a small percentage is recycled, while most end up in
landfills (79%) or incinerated (12%). Consequently, the medical
sector represents around 4% of global greenhouse gas emis-
sions — if it were a country, it would be the fifth most pollut-
ing country in the world.**

According to the Eco Dentistry Association (EDA), some 680
million plastic and paper protections and 1.7 billion steriliza-
tion instruments and packaging are sent to landfills or dis-
posed of in the environment per year.®® This situation raises
another problem: overexposure to bisphenol A (BPA) and
di(2-ethylhexyl)phthalate (DEHP) and microplastics (small par-
ticles between 100 nm and 5 mm). Recent studies show that
large amounts of microplastics end up in the human diet and
have been found, for example, in seafood, honey, bottled water,
and alcohol, as a result of their deterioration in the environ-
ment.>>° In our body, due to the inability of our immune sys-
tem to eliminate plastic, this situation can lead to chronic
inflammation and cancer.'® Also, the contact between micro-

plastics and antibiotics in our body has adverse effects. In fact,
the correlation between antimicrobial resistance and increas-
ing plastic pollution is under investigation. The findings indi-
cate that when in contact with antibiotics, plastics can pro-
mote genetic mutations in bacteria that cause them to acquire
antibiotic resistance, creating possible threats to human
health.'1?

Reducing plastic consumption at hospitals and medical/
dental offices is a difficult task since medical areas have ben-
efited most from its use.'-1¢ Plastic is economical, heat resis-
tant, long-lasting, versatile, biocompatible, requires less ener-
gy to be produced compared to metal or glass, and offers a
sterile environment.»'* These assets that make plastic the
ideal material for single use also make it almost impossible
for nature to eliminate.’®" In addition, single-use plastics cur-
rently represent 85% of all plastics in health.’® Because recy-
cling these plastics in the health sector carries risks of
cross-infection and contamination, the current destruction
methods aim to provide the population with more securi-
ty.Le1s-1e

The recently published study “Environmental sustainabil-
ity practices in Portuguese dental clinics” concluded that clin-
ical directors showed good environmental awareness and sat-
isfactory implementation of environmental sustainability
practices in dental clinics and that costs were the most report-
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ed barrier to implementing further practices. This study trig-
gered the interest in finding a safe, easy, cheap solution for
dental clinics to implement that would also be sustainable and
eco-friendly, allowing the mitigation of the effects of the waste
produced by single-use plastic.:1

For the reasons stated above, sterilization pouches were
considered the ideal specimen for this study because they do
not come into contact with the patient and consist of a paper/
plastic bag with one side made of medical-grade paper and the
other made of a thin plastic film. They cover medical instru-
ments before their sterilization in the autoclave and are cur-
rently thrown away after the sterilized instruments are un-
packed. The problem addressed is not only the usage of plastic
but also how it is discarded. One of the complications related
to reusing these plastics is that they are marked as single-use
by manufacturers.'®

In the impossibility of replacing plastic with other materi-
als because of its many assets, this study aims to question the
safety and efficacy of reusing sterilization pouches without
compromising their sterilization conditions.??! Therefore, the
question and hypothesis raised are: Can sterilization pouches
be used a second time while maintaining their sterilization
conditions?

Material and methods

Paper/plastic pouches were prepared from non-sterile steri-
lization rolls (MEDISTOCK®, France), with 7.5x15.0 cm each,
and randomly selected to undergo a sterilization cycle in an
autoclave at 121°C and 15 psi for 33 minutes (HS-22 K.,
WHITE, GENTINGE®, Sweden) to mimic their use in dental
practices and hospitals. After that cycle, pouches that met
the inclusion criteria were selected as the Experimental
Group (EG) and opened to undergo a second sterilization cy-

cle (n=12). The inclusion criteria were not presenting any
openings, water drops inside, bends and creases, or burns.
The pouches that did not pass the quality check to be reused
—exclusion criterium— were discarded. A 3 cm x 2 cm
non-sterilized gauze dressing (Bastos Viegas®, S. A., Portugal)
was placed into each of the once-used pouches: EG pouches;
Negative Control Group (NCG) - once-used pouches; and
Positive Control Group (PCG) — environmentally contaminat-
ed pouches. Afterward, the NCG and the PCG pouches were
sealed at 1 cm from the base and 3 cm from the top with a
thermal sealer (EuroSeal® 2001, Euronda S.p.A., Italy), and
the EG pouches were resealed at 6 cm from the top (because
they were being reused) with the same sealer. In this step,
the exclusion criteria were again applied to ensure/maintain
integrity.

All pouches were arranged in a horizontal position, with
the paper side of one pouch in contact with the plastic side
of the next one without touching the chamber wall of the
autoclave. The specimens were sterilized at 121°C and 15 psi
for 33 minutes.

After the sterilization cycle, specimens were stored in an
opened plastic box in a microbiology laboratory (Laboratory
of Microbiology Applied to Health [LMAS], University of Min-
ho) to recreate an open microorganism-rich environment, for
1day (T,), 7 days (T,), 31 days (T,), and 153 days (T,) at room
temperature (= 20°C) and humidity (= 40%). After each stor-
age period, the pouches were inspected for barrier damage
before being opened. Figure 1 shows the design of the study
in a flow chart.

The gauze dressings were removed aseptically (MSC-Ad-
vantage™ Class II Biological Safety Cabinets, Thermo Fisher
Scientific™, USA) and incubated (general incubator with built-
in roller or shaker - NB-205Q, N-BIOTEK, South Korea) in nu-
trient agar (Research Products International - RPI, USA) in
Petri dishes at 37°C for 3 days. After incubation, the Petri dish-

EG

NCG

Subjected to two sterilization cycles
(sleeves used twice)

Subjected to one sterilization cycle
(one time used sleeves)

To T T, T;
1 day 7 days 31 days || 153 days

To T T, T;
1 day 7 days 31 days || 153 days

Figure 1. Study design - details of the experimental and control groups.
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es were inspected, and microbial contamination was assessed
and classified as present or absent based on the visible chang-
es in color and shape of the mediums.?? The results were com-
pared regarding the different periods of storage and sample
groups.

Lastly, the sample size determination was carried out in
Microsoft Excel Spreadsheet Software, taking into consider-
ation the following study objectives: evaluate the presence of
contamination in each of the three groups (EG, NCG, and PCG)
at four different times (T, T,, T,, and T,); compare the contam-
ination levels between the two groups at each moment; and
compare the contamination levels between the four moments
in each group.

Results

All pouches tested passed the reusability inspection, and
none of the samples was discarded based on the exclusion
criteria. Table 1 presents the results obtained after assessing
the nutrient-agar Petri dishes containing the gauze dressings
from the groups assayed (EG, NCG, and PCG) and for the dif-
ferent sample storage periods. As observed in Figure 2, the EG
specimens showed no sign of contamination (= 0% microbial
contamination), even after 5 months of the experiment, simi-
lar to the NCG (= 0% microbial contamination) and contrary
to the PCG (= 100% microbial contamination).

The PCG was intentionally contaminated by exposure to a
normal microbiology laboratory environment —the same en-

Table 1. Presence or absence of contamination in each
test group

Time g Control Experi 1 Positive Control
Point Group (NCG) Group (EG) Group (PCG)
T, Absence Absence Presence
T, Absence Absence Presence
T, Absence Absence Presence
T, Absence Absence Presence

vironment where EG and NCG specimens were stored— and
showed extensive microbial growth in all samples after the
tested period. On the contrary, both EG and NCG specimens
remained sterile over the storage time.

Discussion

This preliminary exploratory study focused on evaluating the
reuse of sterilization paper/plastic pouches commonly used
as packaging material in the healthcare sector. The results
from this study show that sterilization pouches can be used a
second time while maintaining sterility and integrity com-
pared to once-used sterilization pouches, even for extended
periods (153 days - 5 months of storage).

Avoiding cross-infection is a high priority in the healthcare
sector for patients’ safety, and, evidently, there should be no
financial or material barriers to preventing the risk of health-
care-acquired infection.>® However, nowadays, healthcare
waste is causing significant environmental contamination
from single-use plastics, which in turn, harms human
health."-** Knowing that infection control is critical, this study
wanted to provide a solution that would be safe and environ-
mentally friendly.

In the studied conditions, once-used pouches (NCG) and
twice-used pouches (EG) kept sterility and integrity conditions
for 5 months, showing that they can be reused at least once.
The PCG samples presented microbial contamination after the
whole storage period, reinforcing the storage conditions in a
microbiologically contained environment. It should be noted
that all sample groups were stored in the same conditions and,
thus, would be prone to contamination if the pouches were
compromised in terms of integrity and sterility.

The results of the present work are in line with recent in-
vestigations presented by Puangsa-Ard et al.” and Klumdeth
et al..” In both studies, no microbial contamination was found
in either the twice-used or the once-used pouches, and all
remained sterile for up to 6 months. However, those studies’
settings differ from the present ones. This study was designed
and conducted to recreate the daily environment of a dental
practice, considering the opinion of researchers that proper

Figure 2. Microbiological result of the experimental group (EG), negative control group (NCG), and positive control group
(PCG), respectively.
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storage is crucial to maintain sterility and that the storage
environment conditions are a more relevant factor than the
type of packaging material.?#? Thus, sterilization pouches
were stored in an environment similar to a clinical practice
where samples were more susceptible to microbial contami-
nation. Moreover, due to the possibility of damage impercep-
tible to the human eye, the pouches used in this study were
subjected to some manipulation, making them more prone to
event-related contamination. However, the material used in
this assay —gauze— is less prone to compromise their reuse,
unlike sharp and rough materials. These findings indicated
that reusing paper/plastic sterilization pouches could be a
great start on this adjustment to a more sustainable and en-
vironmental practice.

It should be emphasized that pouches must meet minimal
criteria to undergo a second sterilization cycle, which requires
special care. Thus, reusing paper/plastic pouches implies spe-
cial handling/procedures and careful, thorough reusability
inspection by healthcare workers to guarantee their sterility
and reusability.

Future investigations should repeat the experiment and do
other more robust microbiological tests. Because this was a
preliminary experimental scientific research aimed at provid-
ing a solution that would be safe in every procedure performed
in healthcare facilities, all colony-forming units visible on the
Petri dishes were classified as contamination, regardless of the
number of colonies. It would also be appropriate to use two
types of medium and/or broth or specific/selective culture me-
dia for double-checking contamination in the future,?® use a
larger sample size, and place medical or dental instruments
inside the sterilization pouches. Further research should also
determine the breaking point of how many times these ster-
ilization pouches can be reused and how long they can pre-
serve the sterile environment.

Conclusions

Based on our study, sterilization pouches can be used a sec-
ond time while maintaining sterility conditions even for ex-
tended periods.
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