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Abstract: Subjects with facial skeletal asymmetries have a higher incidence of anterior temporo-
mandibular joint disc displacement. The objective of the study was to consolidate existing evidence
on the connection between temporomandibular joint disc displacement and mandibular asymmetry
in youngsters and adolescents. A thorough examination was undertaken in the following databases:
PubMed, Scopus, EMBASE, Web of Science, and Cochrane. To judge the publications” methodological
quality Newcastle Ottawa Scale was used. From the 1011 identified records, eight were selected for
the qualitative synthesis and five for the quantitative synthesis, amounting to 692 subjects. Fifteen
cephalometric variables were meta-analyzed. The distance from menton (Me) to midline (lateral
mandibular asymmetry) was significantly shorter [-1.75 (95% CI —2.43-—1.07), p < 0.001] in subjects
with disc displacement compared to those without disc displacement. The distance from articulare
(Ar) to gonion (Go) was significantly longer [3.74 (95% CI 1.04—6.44), p = 0.007] in subjects with disc
displacement compared to those without disc displacement. The relationship between distance from
articulare (Ar) to gonion (Go) or sella (S) to gonion (Go) and disc displacement was shown to be
close to statistical significance level, but not for other cephalometric data. Disc displacement was
associated with several cephalometric measurement variations in children and adolescents.

Keywords: jaw asymmetry; temporomandibular disorder; mandible; youths; minors

1. Introduction

Unilateral condylar bone changes were found to be linked with frontal craniofacial
morphology [1]. Subjects with facial skeletal asymmetries have a higher incidence of
temporomandibular disorders (TMDs) [2]. The menton shift was found to be significantly
related to temporomandibular joint (TM]) disc position on magnetic resonance imaging,
with more deviation to the side with disc displacement [3]. It has been shown that unilateral
anterior DD of the TM] in adolescents can lead to mandibular asymmetry (MA), especially
on the same side [4].

MA has been described as a contributing factor to temporomandibular disorders
(TMDs) [5,6]. In young patients, mandible deviation and condylar bone changes have been
associated with DD, with unilateral condylar bone changes causing mandible deviation on
the same side [7]. Asymmetries in condylar movement and mandibular volume have been
encountered in patients with MA, highlighting the close relationship between morphology
and function [8]. A unilateral asymmetrically positioned mandible may result in asymmet-
rical condyles, especially on the affected side, due to the functional displacement of the
mandible [9]. The development of MA may be connected to DD without reduction and
changes in the mandibular condylar bone, with condylar modifications being more frequent
on the deviated side [10]. In addition, it has been stated that on the side with the deviated
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mandible there was a higher probability of experiencing anterior DD [11]. The difference in
condylar height between the unaffected and affected sides may increase the risk of MA,
with the disc on the affected side shifting anteriorly [12]. It has been reported that jaw
movements may be associated with craniofacial morphology, with the non-deviated side
having a wider range of jaw movements than the deviated side [13]. It has been shown that
TMD, unusual condyle modeling and craniofacial asymmetry are frequent and associated
factors, with lengthened or wider condyles being observed on the shorter mandibular
ramus side [14].

In subjects with juvenile idiopathic arthritis as a result of unilateral or asymmetrical
TM]J involvement, limited mandibular movements have been encountered, mandibular
deviation being associated with the affected side, which displayed the most severe facial
asymmetry [15]. In patients with juvenile idiopathic arthritis, the asymmetry of the face,
particularly around the chin, seemed to have been connected to asymmetrical TMJ destruc-
tion, however, the association between facial asymmetry and impacted TMJ is modest and
underpowered [16].

As far as we are aware, there are currently no extensive studies to check the hypoth-
esis that facial asymmetry or lateral mandible shift occurrence is similar in children and
adolescents with and without TM] disc displacements. Consequently, the study aimed
at conducting a comprehensive review with a meta-analysis of existing studies on the
relationship between TM] DD and mandibular asymmetry in youths.

2. Materials and Methods
2.1. Procedure and Enrollment

The systematic review was undertaken in accordance with the guidelines of the
“Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA)
Statement” [17].

The Open Science Framework platform was used to register the study protocol prospec-
tively on 25 July 2022 which can be found at the following location: https:/ /osf.io/ax683
(accessed on 25 July 2022).

2.2. Standards for Selection

Original publications that explored the study goals, with a focus on the presence of
facial asymmetry or lateral mandible shift in children or adolescents with TMJ DD, were
the inclusion criteria. Subjects who had orthodontic or orthognathic therapy were excluded,
as were systematic reviews, meta-analyses, scoping reviews, opinion pieces, comments,
communications, cases, conference proceedings, editorials, and papers written in languages
other than English.

2.3. Resources of Knowledge

In July 2022, an untimed organized electronic search was undertaken in the following
databases: PubMed, Scopus, EMBASE, Web of Science, and Cochrane. Terms from MeSH
and Emtree were utilized when suitable. On 20 July 2022, the final automated search of all
databases was completed. Additionally, appropriate study reference lists were individually
examined. On the Rayyan internet website, all citations were retrieved and sorted [18].

2.4. Methodology for Selection

There were no search filters or restrictions, nor was there a time limit on searches.
The PECO framework served as the basis for the study design: Patient (P)-children or
adolescents; Exposure (E)-with TM] DD; Comparison (C)-without TM] DD; Outcome (O)-
facial anthropometric measurements or occurrence of facial asymmetry. A single search
strategy was performed, that included the following terms: (“temporomandibular joint”
OR “TMJ”) AND (“disk displacement” OR “disc displacement”) AND (“facial asymmetry”
OR “lateral mandible shift” OR “lateral mandibular shift” OR “lateral mandible deviation”
OR “lateral mandibular deviation”) AND “child”.
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The complete search strategy adapted for the PubMed database is presented in
Supplementary Table S1.

2.5. Recruitment Procedure

Rayyan was used to eliminate redundancies from the output lists of results from
all databases. The papers were organized, and an objective, blind assessment of the
included papers was conducted. The “blind on” mode was used to decrease selection bias.
The residual findings were exported to an Excel spreadsheet which was provided as a
digital format for screening, retrieval, and quality evaluation. (Microsoft Office 365, MS,
Redmond, WA, USA). Zotero software version 6.0.6 was used to handle all citations [19].
Two researchers (O.A., D.C.L.) separately examined the eligible studies and corroborated
if the item should be included. The chosen publications were acquired in full text and
individually appraised, with disagreements addressed through negotiation. The rationale
for each excluded item was documented.

2.6. Technique for Data Gathering

In the uniform Microsoft Excel sheet file, two researchers retrieved data from the
publications, following parameters were recorded: author names and publishing year,
name of publication, summary, keywords, study objective, study population, DD classifica-
tion, asymmetry, radiographic evaluation, findings (facial anthropometric measurements—
Figures 1 and 2), conclusions.

F

Figure 1. Lateral cephalogram—anthropometric landmarks and lines. S, sella; N, nasion; SNA, the
angle between sella, nasion and point A; SNB, the angle between sella, nasion and point B; ANB,
the angle between point A, and point B; Go, gonion; Co, condylion; Ar, articulare; Gn, gnathion; Po,
porion; Me, menton; 1lci, 1 lower central incisor; NB, nasion point B line; FM, Frankfurt plane; MP,
mandibular plane.
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midline

Figure 2. Posteroanterior cephalogram-anthropometric landmarks and lines. Go, gonion; AGo,
antegonion; N, nasion; Z, zygomatic point; ANS, anterior nasal spine; Me, menton, VMD, vertical
mandibular displacement; LMD, lateral mandibular displacement; MeX, menton to the midline.

2.7. Critical Evaluation of Each Study

The quality of evidence of the qualifying papers included in our research was assessed
using the Newcastle Ottawa Scale: checklist for observational case-control publications [20].
We considered the presence of DD as defining the case group and the absence of otherwise
or similar groupings regarding DD presence in unilateral or bilateral situations. The
cephalometric variables were considered as the exposure.

2.8. Synthesis Methods

Since the results of different articles in the meta-analysis offered either the statistics of
two compared groups or the difference between the two groups, we chose to compute the
effect size as the difference between the DD and normal disc (ND) position groups, along
with the standard error (SE). Where the standard deviation (SD) remained unavailable,
it was determined by employing confidence intervals (Cls) or p-values, according to the
Cochrane Handbook criteria [21]. On the computed mean differences and SE, meta-analyses
were conducted using the meta program [22]. Because of variability among investigations,
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the random effects model was employed to calculate the conventional difference between
the means and ninety-five percent confidence interval (CI) for each variable. To examine
statistical variance between trials, the chi-square Q-test and 12 were implemented. An
analysis with one variable removed was performed to see how reliable the results were.
The assumption of statistical significance was made if the p-value was less than 0.05. The
R environment for statistical computation and visualization (R Foundation for Statistical
Computing, Vienna, Austria) version 4.1.2 was used to perform the calculations [23].

2.9. Identification of Bias

The risk of bias could not be established due to the small number of papers. Therefore,
we chose the Egger test to investigate articles’ bias.

3. Results
3.1. Selection of Sources of Evidence

A total of 1011 were enrolled after applying the search strategy (229 via PubMed;
373 of Scopus; 153 of EMBASE; 104 of Web of Science and 152 via Cochrane). Following
the removal of similar documents, a number of 749 papers were screened. The included
studies were chosen during the initial phase based on their title, abstract, and relation to
the research question. The remaining 29 articles’ full texts were obtained and reviewed for
eligibility. After reading all the publications that were considered for eligibility, eight have
been included in the review, of which five were employed in the meta-analysis. A PRISMA
flowchart serves to illustrate the recruiting and screening process (Figure 3).

Records identified from:
Databases (N=1011)

=
& PubMed (n=229) Records removed before screening:
é Scopus (n=373) — 3| Duplicate records removed by
= Embase (n=153) automation tools (n =262)
g Web of Science (n=104)
= Cochrane (n=152)
[
l Records excluded (not in the area
e ~N of interest, case reports, books,
reviews, letters to the editor,
Records screened (n=749) —»| conference abstracts, animal
L ) studies) (n=720)
l o
) f N (
£ .
g Reports sought for retrieval (n=29) | ———| Reports not retrieved (n=0) ]
E \
=} . J
) |
§ .
Full text assessed for eligibility —— | Reports excluded (n=17):
(n=29) Not in accordance with the
\ J inclusion criteria (n=16)
l Background article (n=1)
\
=]
- Studies included in the review
= (n=8)
8 Studies included in the meta-
= analysis
(n=5)

Figure 3. PRISMA illustration of the chosen studies.
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3.2. Features of Research

Table 1 summarizes the features of the selected investigations, as well as the (1) au-
thorship and date, (2) study aim, (3) study population, (4) disc displacement classifica-
tion, (5) asymmetry, (6) radiographic evaluation, (7) author’s findings, and (8) author’s
conclusion. In the eight studies included in the qualitative synthesis, there were 692 sub-
jects involved. In the five studies from the quantitative synthesis, a total number of
515 subjects were included. Seven studies used the MRI method for disc position classifi-
cation, whereas just one study used temporomandibular disorders investigation criteria
for a diagnosis (RDC/TMD) [24]. Radiographic evaluation used lateral cephalogram in
four studies [24-27], and posteroanterior cephalogram in five studies [3,4,26,28,29], Trp-
kova et al. [26] used both methods. Bilateral DD was reported in four studies [3,25,26,28],
unilateral DD was reported in [3,4,26,28,29], while two studies did not report the presence
of either unilateral or bilateral DD [24,27].

3.3. Results of Syntheses
3.3.1. Distance from Menton to Midline (Mandibular Lateral Asymmetry, or Displacement)

The distance from menton to midline (in mm) on the posteroanterior cephalogram
was significantly lower [-1.75 (95% CI —2.43——1.07), p < 0.001] in subjects with disc
displacement compared to those without disc displacement in the random-effects meta-
analysis model (Figure 4). The heterogeneity was low (I2 = 0%) and not statistically
significant. Both studies had statistically significant results, pointing in the same direction.
The results are robust to leave-one-out sensitivity analyses.

Study TE selE SM SM 95%-Cl Weight

-2.12 [-3.11;-1.12] 47.0%

Nakagawa, 2002 -2.12 05076 —B—
-1.43 [-2.37;:-0.49] 53.0%

Xie, 2015 -1.43 0.4781 —i—

Random effects model =

Heterogeneity: /= 0%, " =0, p = 0.33 : ' ' L )

Test for overall effect: z =-5.03 (p < 0.01) -3 -2 1 0 1 2 3
MeX (mm) mean difference

| -1.75 [-2.43;-1.07] 100.0%

Figure 4. Forest plot for (mm) standardized mean change difference. MeX—distance from menton
to midline; TE—effect; seTE—effect’s standard error; SM—the average discrepancy; Cl-interval

of confidence.

3.3.2. Distance from Articulare to Gonion (Mandible Ramus Height)

The distance from articulare to gonion, (in mm) on the lateral cephalogram was higher
[1.98 (95% CI —0.11-4.08), p = 0.063] in subjects with disc displacement compared to those
without disc displacement in the random-effects meta-analysis model (Figure 5), but it did
not reach the significance threshold. The heterogeneity was moderate (I12 = 42.3%), albeit
not statistically significant. Only one study out of the three included had a statistically
significant result pointing in the same direction. Omitting Bastos study [24] in the leave-
one-out sensitivity analyses modified the pooled result to be significant, but the exclusion
of any of the other studies did not have the same effect (Supplementary Figure S8).

Study TE seTE M SM 95%-Cl Weight
Nebbe, 1998 418 1.7158 ——"— 418 [0.82,7.54] 26.5%
Shi, 2010 2.33 1.7096 -1T— 233 [-1.02;5.68] 26.7%
Bastos, 2012 0.54 1.0385 — 0.54 [-1.49;258] 46.8%

Random effects model 1.98 [-0.11; 4.08] 100.0%

7 —
Heterogenetty: /° = 42% [0%; 83%], T = 1.3593, p = 0.18 L o
Test for overall effect: z = 1.86 (p = 0.06) 6 -4 -2 0 2 4 6
Ar-Go (mm) mean difference

Figure 5. Forest plot for distance from articulare to gonion (mm) standardized mean change difference.
Ar-Go—distance from articulare to gonion; TE—effect; seTE—effect’s standard error the effect; SM—

the average discrepancy; CI—confidence interval.



Children 2022, 9, 1297

7 of 16

Table 1. Study characteristics.

Author, Year Aim Study Population DD Classification Asymmetry RES:{E;:S) I:C Findings Conclusions
study group: lower overall
posterior height (S-Go)
reduced mandibular ramus
length (Co-Go, Ar-Go)
shortened posterior facial
height (S-Ar)
to test the study group: bilateral increase in the distance from mean differences (95% CI):
hypothesis of no DD 17 teenage girls . S-N to. the palgtal plane Ar-Go (mm) 4.18 (0.69-7.68); bilatel.‘al DD: poster%orh vertical
difference in facial ~ 13.65 years on averag,e increase in the distance from Ar-Me 4.33 (mm) (—0.01-8.68); facial hgigh’F d1m1g1§hed;
Nebbe, 1998 [25] cephalometric Control group: ND MRI S-N toa line tangent to the lateral cephalogram Ar-Go-Me (degrees) 0.46 J uv.enlle discp osition
’ inferior border of the (—4.18-3.27); FH/MP 3.80 aberrations are not within the

measurements in
adolescents with
DD

position 17 teenage
girls, 13.53 years on
average

mandible’s body
posterior displacement of Gn
related to anterior structures
of the face posterior rotation

of the mandible

Control group: higher
mandibular lateral
displacement

inclined frontal occlusal plane

(degrees) (—8.02-0.42); S-Go
(mm) 5.57 (1.96-9.18); N-Me
(mm) 1.07 (—5.54-3.40)

range of typical physiologic
diversity.

Trpkova, 2000 [26]

if TMJ ID (DD) is
associated with
craniofacial
asymmetry

80 females (average
age, 1320 +1.7)
bilateral normal

T™]J: 42
unilateral right TM]
ID: 13
unilateral left TMJ
1D: 10
bilateral TM]J ID: 15

MRI TMJ ID: disc
displacement and
disc length

the longitudinal imbalance in
the area of AGo differed
substantially

posteroanterior

cephalograms
lateral

cephalograms

increased asymmetry of the
AGo with a shorter mandible
ramus in bilateral TMJ ID

women with symmetrical TM]
ID experienced higher vertical
mandible asymmetry
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Table 1. Cont.

Author, Year

Aim

Study Population

DD Classification

Asymmetry

Radiographic
Evaluation

Findings

Conclusions

Nakagawa, 2002
[28]

to determine the
relationship
between LMD,
VMD, DD, and
mandible growth

54 female adolescents
(average age:

15.7 £ 3.0)
Group 1: bilateral ND
position: 23 subjects
(average age:

149 £ 3.4);
Group 2: unilateral
/bilateral DD (=partial
DD): 12 subjects
(average age:

159 £ 29)
Group 3: unilateral
/Dbilateral disc
dislocation (=complete
DD): 19 subjects (mean
age: 16.4 & 2.4 years)

MRI

right and left mandibular
height (VMD) LMD

posteroanterior
cephalograms

mandible deviation is linked
to DD and disc dislocation
Group 1: VMD
(AGo-zygomatic line): mean
0.89 + 0.74 mm
LMD (MeX) mean
1.33 + 1.23 mm
Group 2: VMD mean
32+ 151 mm
LMD mean 3.01 £+ 2.51 mm
Group 3: VMD mean
3.13 £23 mm
LMD mean 3.72 4+ 2.42 mm

DD disturbs normal mandible
growth
VMD was not related to age
LMD was related to age
DD was related to LMD and
VMD

Shi, 2010 [27]

to evaluate
the relationship
between partial DD
and
mandibular
dysplasia

46 female adolescents
aged 10.1-12.8 years.
DD group (n = 26),
ND group (n = 20)

MRI

the displaced group exhibited
a reduced length of the
mandible (Go-Po), sharper
mandible plane (MP/FH), and
steep mandible inclination
(Ar-Go-Me)

lateral
cephalograms

DD vs. ND: SNA(°)
79.31 £ 3.40 vs. 80.15 £ 4.79,

p = 0.489; SNB(°) 74.31 3.06 vs.

75.255.09, p = 0.440; ANB(°)
6+145vs. 6 £1.02,p=1;
Ar-Go(mm) 45.42 4 4.59 vs.
47.75 £+ 6.50, p = 0.162;
Ar-Me(mm) 95.73 + 4.68 vs.
99.05 £ 6.95, p = 0.060;
Go-Po(mm) 69.00 £ 3.96 vs.
72.00 £3.54,p=0.011 %

Ar-Go-Me (°) 118.77 + 5.03 vs.

115.75 £ 2.78, p = 0.020 *;
MP/FH (°) 31.23 + 3.85 vs.
26.80 £ 5.54, p = 0.003;
S-Go(mm) 74.50 £ 3.26 vs.
76.50 £ 5.57, p = 0.134;
N-Me(mm) 116.12 + 4.22 vs.
116.30 = 4.96, p = 0.892

partial DD may be related to
horizontal jaw impairments
but not longitudinal
abnormalities
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Table 1. Cont.

Author, Year Aim Study Population DD Classification Asymmetry RE::{E::E) I:C Findings Conclusions
DD vs. ND:Pre-peak: S.N.A
(°) 82.05 £ 3.03 vs.
81.39 +4.34, p = 0.611; SN.B
(°) 4.30 + 1.91 vs. 3.98 + 4.63,
p=0.799;, AN.B (°)4.3 £1.91
vs. 3.98 & 4.63, p = 0.799;
Ar-Go (mm) 39.22 + 3.86 vs.
39.46 £ 3.50, p = 0.853;
. Ar.Go.Me (°) 129.66 + 6.75 vs.
the analysis of the post-peak _ .
to evaluate of pubertal growth spurt 126%1?1?;1)56;387&;] + % 11(())4\,155 e
differences between showed that the experimental 6723 +5 68‘ p=0 619' N.—Me
the cephalometric Experimental group group had mean values for ' (mm) '11 é 40 ;i:.7 9 6’ vs
variables for facial 30 patients with SNA and SNB angles 110.24 + 769 p - 0 952.' changes in morphometric
Bastos, 2012 [24] growth patterns in ?:rgirf; éalrg?ovl[;: I;II\)/I%/ de;;;ze(csli\e]a réi;};enfda?;i,::is cep}llitlilgrlams p(;st-peai(: é.N.A '(°) ’ paramgeters were%etected in
a ch(l)’Eelsdcree:t;rvva}th 30 volunteers without incisor inclination (1-NB) 78.25pi=365050g.s.8%31.?30(0i) 453, youngsters with joint TMD
articular TMD and TMD, matched V;rl“ire‘zaf;fn‘g”it: :}}1‘: mean 74.69 4 3.63 vs. 79.26 £ 475,
control group group, revealing statistically 3 55]!7 ; g gg L ASI\;lBi( ; 89
significant differences T e .VS' i N
p = 0.891; Ar-Go (mm)
42.18 £ 3.53 vs. 43.12 £+ 3.99,
p = 0.532; Ar.Go.Me (°)
125.76 4+ 5.59 vs.
128.02 + 4.42, p = 0.265; S-Go
(mm) 73.42 + 6.42 vs.
72.99 £ 4.36, p = 0.842; N-Me
(mm) 121.26 £ 9.21 vs.
115.37 £ 7.58, p = 0.088
study goup: average
age 16.74 years vs.
. average age in the ADD group, categor . .
to determful\l/? th.e 16.21 yeagrs iﬁ the of 119 MA patients in ADD . 27.88% hadgno I\F/)IA, m§any MA is m‘ﬁ umlateral}f\ DD
Xie, 2015 [29] amount of MA in control group (165 MRI group, 73 with left ADD, 46 posteroanterior MeX: 5.62 mm teenagers The greater the DD,
asymmetric ADD atients with ADD with right ADD, cephalograms in the control group, 25.64% the shorter the condyle and
individuals P & ! group, £3.5% 70 higher the jaw irregularity

(101 left, 64 right),
156 controls without
ADD

had MA, mean MeX: 4.19 mm
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Table 1. Cont.

Author, Year

Aim

Study Population

DD Classification

Asymmetry

Radiographic
Evaluation

Findings

Conclusions

Xie, 2016 [4]

to observe the
influence of ADD
and to analyze its
effect on the
symmetry of the
mandible

average age 16.31
28 females, 16 males
The average
follow-up period was
12.22 months

MRI

first evaluation 86.36% MA
follow-up: 93.18% MA

posteroanterior
cephalograms

the correlation coefficient
between condyle height
disparity and MeX
(CC=0.681,p<0.05)
the increase of menton
deviation was significantly
related to the age of patients
at the initial visit (correlation
coefficient = —0.760, p < 0.05).
the average MeX was 5.58 mm
at the initial visit, while it was
7.74 mm after follow-up

in adolescents, MA was
secondary or fostered by
UJADD

Guercio-Monaco,
2020 [3]

to analyze the

association between

TM] disc position

evaluated by MRI

and the mandible
deviation evaluated

by PA in
adolescents

53 adolescents
(37 females and
16 males, mean
age
14.28 £ 2.46 years;
11-18) and 106 TMJs
group I Same disc
position bilateral
(n=23);
group II DD is more
severe ipsilateral
(n=17);
group III DD more
severe contralateral
(n=13)

MRI

significant differences
between the mean of group II
(4.4 £+ 2.2) with groups I and
III (p = 0.016 and p = 0.036
respectively), with a greater
menton deviation concerning
the rest of the groups
a statistical association
between DD and gender was
observed (p = 0.002), with
more frequent DD in females

posteroanterior
cephalograms

MeX menton deviation: Same
disc position bilateral 2.17 £
1.93; DD more severe
ipsilateral 4.40 £ 2.26; DD
more severe contralateral 2.10
+1.70

the menton deviation was
related to unilateral or
bilateral cases TM] DD

the menton tended to exhibit

more deflection to the side
more affected

DD, disc displacement; ND, normal position of the articular disc; ADD, disc displacement towards the anterior; UJADD, unilateral juvenile anterior disc displacement; S, Sella; SNA, the
angle between sella, nasion and point A; SNB, the angle between sella, nasion and point B; ANB, the angle between point A, nasion and point B; Go, gonion; Co, condylion; Ar, articulare;
N, nasion; Gn, gnathion; AGo, antegonion; Po, porion; Me, menton; 1, lower central incisor; NB, nasion point B line; FM, Frankfurt plane; MP, mandibular plane; MA, mandibular
asymmetry; TMJ, temporomandibular joint; TMD, temporomandibular joint disorder; RDC, research diagnostic criteria; ID, internal derangement; MRI, magnetic resonance images;
LMD, lateral mandibular displacement; VMD, vertical mandibular displacement; MA, mandibular asymmetry; MeX, menton to midline. *, statistically significant.



Children 2022, 9, 1297

11 of 16

Study

Nebbe, 1998
Shi, 2010

Random effects model
Heterogeneity: /“ = 0%, ©=0,
Test for overall effect: z =2.7

Study

Nebbe, 1998
Shi, 2010

Random effects model
Heterogeneity: 1 =76% [0%; 94%], ¥ =7.9003, p =004

3.3.3. Distance from Articulare to Menton (Total Mandibular Length)

The distance from articulare to menton (in mm) on the lateral cephalogram was
significantly higher [3.74 (95% CI 1.04-6.44), p = 0.007] in subjects with disc displacement
compared to those without disc displacement in the random-effects meta-analysis model
(Figure 6). The heterogeneity was low (I2 = 0%), and not statistically significant. Only one
study out of the two included had a statistically significant result, and both pointed in the
same direction. The other study, Shi was close to statistical significance [27].

TE seTE SM SM 95%-Cl Weight

433 21331 ——=——— 433 [0.15;851] 41.7%

3.32 1.8049 +—8—— 332 [022,686] 58.3%
—=t=— 374 [1.04;6.44] 100.0%
p=072
2 (p < 0.01) 5 0 B

Ar-Me (mm) final mean difference

Figure 6. Forest plot for distance from articulare to menton (mm) standardized mean change differ-
ence. Ar-Me—distance from articulare to menton; TE—effect; seTE—effect’s standard error of the
effect; SM—the average discrepancy; Cl—confidence interval.

3.3.4. Distance from Sella to Gonion (Overall Posterior Jawline Dimension)

The length between sella to gonion (in mm) on the lateral cephalogram was signif-
icantly higher [4.15 (95% CI —0.32-8.63), p = 0.069] in subjects with disc displacement
compared to those without disc displacement in the random-effects meta-analysis model
(Figure 7). The heterogeneity was substantial (I2 = 76%), and statistically significant. Only
one study out of the two included had a statistically significant result, and both pointed in
the same direction.

TE seTE SM M 95%-Cl Weight

——H—— 5,57 [3.10:10.04] 47.1%
2.00 [-0.73; 473] 52.9%

6.57 1.7723
2.00 1.3940 T

.=:-i_l_-—_—__ 415 [0.32; 8.63] 100.0%

Test for overall effect: z = 1.82 (p = 0.07) -10 -5 0 5 10

S-Go (mm) final mean difference

Figure 7. Forest plot for distance from sella to gonion (mm) standardized mean change difference.
S-Go—distance from sella to gonion; TE TE—effect; sesTE—effect’s standard error; SM—the average
discrepancy; CI—confidence interval.

3.3.5. Other Cephalogram Measurements

The other cephalogram measurements were not statistically significant (Table 2,
Supplementary Figures S1-57).

3.4. Investigation’s Potential Bias

The Newcastle Ottawa Scale (NOS) was engaged to evaluate the scientific research
(Table 3). The case and control definitions were adequately followed in the majority of the
studies since they used MRI to diagnose the disc position, except for one study that used
research diagnostic criteria for temporomandibular disorders [24]. The case representative-
ness was reported in only two studies that either used a consecutive sample [4] or all the
subjects in their database [3]. But all the other studies did not specify if all the subjects were
selected from the same source. The comparability of the groups was partially assured by
five studies since they studied only female subjects [25-29]. Only one study matched the
groups by gender, Angle’s categorization of misaligned teeth, and the cervical vertebra
development score [24]. All the studies can be considered to have an appropriate exposure
ascertainment by using cephalometric measurements.
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Table 2. Meta-analyses results.

Characteristic, Number of Effect Size (95% 12 (95% Egger .
Effect Size Type Studies D p-Value cD p-Value "lgegs t Studies Leave One Out
-Nakagawa, 2002: —1.43
(—2.37-—0.49), p = 0.003,
Nakagawa, IS
MeX (mm) mean —-1.75 v 12 = NA%;
difference 2 (—2.43-—1.07) <0.001 NC NC 20%1[58[]2'9)](13' Xie, 2015: —2.12
(=3.11-—1.12), p < 0.001,
12 =NA%
-Nebbe, 1998: 1.02
(—0.71-2.76), p = 0.248,
Nebbe, 1998 -Sh112261%-/0é 11
Ar-Go (mm) 423 [25]; Shi, 2010 Aprating
mean differerce 3 1.98 (—0.11-4.08) 0.063 0-826) 0.177 0.265 [27] Bastos, (-142-5.63), p = 0242,
2012 [24] 12 = 70%;
-Bastos, 201: 3.25
(0.88-5.63), p = 0.007,
2=0%
-Shi, 2010: —0.76
Go-Po (mm) Shi, 2010 [27]; (—3.93-2.41), p = 0.636,
o differomee 2 1.3 (—2.37-4.97) 0.487 NC NC Bastos, 2012 12 = NA%;
[24] -Bastos, 2: 3 (0.83-5.17),
p=0.007,12 = NA%
-Nebbe, 1998: 3.32
Ar-Me (mm) Nebbe, 1998 (—0.22-6.86), p = 0.066,
onn differonee 2 3.74 (1.04-6.44) 0.007 NC NC [25]; Shi, 2010 12 = NA%;
[27] -Shi, 2010: 4.33 (0.15-8.51),
p=0.042,12=NA%
-Nebbe, 1998: 2
$-Go (mm) mean Nebbe, 1998 (—0.73-4.73), p = 0.151,
ittoronee 2 4.15 (—0.32-8.63) 0.069 NC NC [25]; Shi, 2010 12 = NA%;
[27] -Shi, 2010: 6.57 (3.1-10.04),
p <0.001,12 = NA%
-Nebbe, 1998: —0.61
(—3.09-1.87), p = 0.631,
12 = 8%;
Nebbe, 1998 -Shi, 2010: —0.7
N-Me (mm) [25]; Shi, 2010 (—4.34-2.93), p = 0.705,
mean differonce 3 —0.19 (—2.24-1.86) 0.859 0 (0-89.6) 0.471 0.721 [27]: Bastos, D= 26
2012 [24] -Bastos, 201: 0.43
(~1.86-2.73), p = 0.711,
2=0%
Supplementary Figure S10
-Shi, 2010: 1.64
) ) (—0.43-3.71), p = 0.12,
Shi, 2010 [27]; P =
SNﬁ.(deg) mean 2 1.31 (—0.28-2.9) 0.105 NC NC Bastos, 2012 12 = NA%;
ifference [24] -Bastos, 2: 0.84
(—1.63-3.31), p = 0.506,
12=NA%
-Shi, 2010: 4.57 (2.43-6.71),
Shi, 2010 [27]; p < 0.001, 12 = NA%;
SNgi(f‘fi;ge)n‘C‘;ea“ 2 2.82 (—0.74-6.37) 0.12 NC NC Bastos, 2012 Bastos, 2: 0.94
[24] (—1.58-3.46), p = 0.465,
12=NA%
-Shi, 2010: —0.11
Shi, 2010 [27]; (~1.76-1.53), p = 0.894,
ANgigi:é;gea“ 2 —0.02 (—0.67-0.64) 0.958 NC NC Bastos, 2012 12 = NA%;
[24] -Bastos, 2: 0 (—0.71-0.71),
p=1,12=NA%
-Nebbe, 1998: —4.43
Nebbe, 1998 (=7.27-—1.59), p = 0.002,
ml\gr{ fi?féf:i)e 2 —0.45 (—8.517.61) 0.913 NC NC [25]; Shi, 2010 12 = NA%;
1271 -Shi, 2010: 3.8 (—0.26-7.86),
p=0.067,12=NA%
“Nebbe, 1998: —2.23
(—4.15-—0.31), p = 0.023,
12 = 11%;
Nebbe, 1998 -Shi, 2010: —0.42
Ar-Go-Me (deg) 30.8 [25]; Shi, 2010 (—2.69-1.84), p = 0.715,
mean difference 3 —155(-3.52-041) 0.121 (0-92.8) 0.236 0.06 [27]; Bastos, 12 = 0%;
2012 [24] -Bastos, 201: —1.57

(—4.93-1.8), p = 0.362,
12=61%
Supplementary Figure S9

S, Sella; SNA, the angle between sella, nasion, and point A; SNB, the angle between sella, nasion, and point B;
ANB, the angle between point A, nasion, and point B; Go, gonion; Co, condylion; Ar, articulare; N, nasion; Po,
porion; Me, menton; MP, mandibular plane; FM, Frankfurt plane; MA, mandibular asymmetry; MeX, menton to
midline; CI, confidence interval; NC—cannot be computed due to a low number of studies.
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Table 3. Newcastle Ottawa Scale rating of the identified papers.
Researcher and Release Case Definition Cases’ Controls Controls Cases and Controls Exposure
Year Sustainability Representativeness Selecting Defining Comparability Assessment

Nebbe, 1998 [25]
Trpkova, 2000 [26]
Nakagawa, 2002 [28]
Shi, 2010 [27]
Bastos, 2012 [24]
Xie, 2015 [29]

Xie, 2016 [4]
Guercio-Monaco, 2020

[3]

*
*
*
*

*

*

*

* * * *
* *
* *
* *

ok

* % x ¥ % %

¥ ox % x ¥ %

* *
* NA

* * * *

*

NA—not applicable.

4. Discussion
4.1. Scientific Proof Synopsis

The present study showed a significantly lower distance from menton to midline
(mandibular lateral displacement), measured on posteroanterior cephalogram, and a higher
distance from articulare to gonion (mandible ramus height) measured on the lateral cephalo-
gram in subjects with disc displacement compared to those with normal disc position; fur-
thermore, for the relation between the distance from articulare to gonion (the height of the
mandibular ramus) or from sella to gonion (total posterior facial height) and disc displacement,
the results were near the significance level, but not for other cephalometric measurements.

Mandibular asymmetry was evaluated on posteroanterior cephalograms by the distance
of the menton to the midline (mandibular lateral displacement, or asymmetry) in [3,4,28,29].
Another way to indicate the mandibular asymmetry was the vertical mandibular displacement,
as the distance between antegonion and the zygomatic arch line (mandibular height) [28].
Trpkova et al. [26] used a formula to calculate the asymmetry between the right and left
side for different cephalometric measurements: (right — left)/(right + left) /200. Xie et al. [4],
had no control group but used a longitudinal self-control design to assess whether unilateral
anterior DD would lead to asymmetry of the mandible or of the mandible condyle, the mean
follow-up being 12.2 months. The study observed that unilateral juvenile anterior DD leads
in time to shorter condylar height on the same side and MA. Bastos [24] divided the study
and the control group depending on the cervical spine development Bastos et al., identified a
connection between the TM] state and a hyperdivergent face growth pattern in youths [24].
The onset of the DD was found to be related to the mandibular DD, by Nakagawa [28]. The
menton deviation was significantly correlated with the disc position, being more deviated to
the more affected side, and related to the unilateral as well the bilateral DD [3]. Young girls
with incomplete disc displacement and Class II, Division 1 dentition may show transverse but
not longitudinal abnormalities in the jaw [27].

MA has also been reported to be much more widespread and extensive in young
patients with unilateral DD, with the degree of asymmetry being linked with condyle height
and disc morphology [29]. Patients with DD had a shorter jaw length as well as a backward
jaw position, suggesting that DD is linked with abnormal structural architecture [30].
According to research, it has been shown that there is a clear relationship between severe
DD and skeletal deformities in orthodontic patients [31]. DD affects facial morphology, the
differences becoming more pronounced with the progress of the displacement, highlighting
the significance of early DD diagnosis and treatment [32].

To encourage temporomandibular condyle natural growth and prevent facial de-
formity, DD in young individuals should be corrected as soon as feasible, especially if
it is asymmetric [33]. In young patients with unilateral anterior DD, arthroscopic disc
repositioning has been shown to improve facial growth [33].

4.2. Strengths and Weaknesses

The papers considered in this study had several drawbacks. The most frequently
encountered issue was the representativeness of the cases that were not reported, as well
as the diversity of clinical settings that generated the study cohorts. The other problems
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relating to the quality of the articles were the use of RDC/TMD instead of MRI for the DD
diagnosis and the absence of measures to aid comparability—but luckily, only one study for
each problem had this issue. Being cross-over studies, the causality between DD and facial
asymmetry cannot be augmented. Nevertheless, a strong association was observed for
several cephalometric variables. Furthermore, one study observed in a prospective cohort
of children the increase of facial asymmetry with time and in relation to DD. For sure, the
question of who the cause is will remain debatable.

In addition, our evaluation includes the following strengths: this is the first holistic
research and meta-analysis of facial asymmetry in youths; both posteroanterior and lateral
cephalogram measurements were assessed; a thorough search approach was employed;
considerable representative databases were explored (PubMed, Scopus, EMBASE, Web of
Science, and Cochrane); sensitivity analyses were usedand fifteen cephalometric variables
were meta-analyzed.

5. Conclusions

In patients with disc displacement compared to those with normal disc position,
the present study identified a significantly reduced distance from menton to midline on
the posteroanterior cephalogram and a larger distance from articulare to gonion on the
lateral cephalogram.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/children9091297 /s1,Table S1: Search strategies for PubMed
database. Figure S1: Forest plot for (deg) standardized mean change difference. SNA—sella na-
sion point A angle, TE—effect; sesTE—the standard error of the effect; SM—mean difference; CI—
confidence interval.; Figure S2: Forest plot for (deg) standardized mean change difference. SNB-sella
nasion point B angle, TE—effect; seTE—the standard error of the effect; SM—mean difference;
CIl—confidence interval.; Figure S3: Forest plot for (deg) standardized mean change difference.
ANB-point A—nasion-point B angle, TE—effect; seTE—the standard error of the effect; SM—mean
difference; CI—confidence interval.; Figure S4: Forest plot for (deg) standardized mean change
difference. MP—mandibular plane, FM-Frankfurt plane, TE—effect; seTE—the standard error of the
effect; SM—mean difference; CI—confidence interval.; Figure S5: Forest plot for (deg) standardized
mean change difference. Ar-articulare, Go-gonion, Me-menton, TE—effect; seTE—the standard
error of the effect; SM—mean difference; CI—confidence interval.; Figure S6: Forest plot for (mm)
standardized mean change difference. Go-gonion, Po = porion, TE—effect; seTE—the standard
error of the effect; SM—mean difference; CI—confidence interval.; Figure S7: Forest plot for (mm)
standardized mean change difference. TE—effect; sesTE—the standard error of the effect; SM—mean
difference; CI—confidence interval.; Figure S8: Leave-one-out sensitivity analysis for articulare to
gonion distance © "= mean difference; Figure S9: Leave-one-out sensitivity analysis for Ar-Go-Me
® "= mean difference, Ar-articulare, Go-gonion, Me-menton; Figure S10: Leave-one-out sensitivity
analysis for N-Me © "= mean difference, N-nasion, Me-menton.
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Abstract: The aim of this research was to assess possible relationships between petrotympanic fissure
(PTF) characteristics, malleus position, and temporomandibular joint disorders (TMD). A retrospec-
tive study was performed, including patients with TMD. Magnetic resonance imaging (MRI) and
cone-beam computed tomography (CBCT) examination were used to evaluate temporomandibular
joint (TM]) disc position and condylar bone changes. Fifty-eight TM]Js from twenty-nine patients (23:6
females: males) were assessed. Erosive changes (DDR-disc displacement with a reduction of 6 (24%),
DDwR-disc displacement without a reduction of 8 (61.5%) vs. normal disc position 3 (15%), p = 0.012)
and condyle osteophytes production (DDR 6 (24%), DDWR 9 (69.2%) vs. normal condyle 7 (35%),
p = 0.012) were more frequent in subjects with disc displacement compared to normal disc position;
malleus was closer to PTF in cases with erosive changes (median 2.15 interquartile range: (1.85-2.75)
vs. 2.75 (2.25-3.15), p = 0.029) as well as those with condylar osteophytosis (2.25 (1.91-2.75) vs. 2.75
(2.33-3.32), p = 0.015); the PTF length was higher in cases with condylar osteophytosis compared to
those without (4.45 (3.50-4.77) vs. 3.67 (3.34-4.28), p = 0.039). The disc position and disc shape were
not related to PTF or malleus position. Malleus position and PTF dimensions were not associated
with the PTF type. In cases with erosive changes and condylar osteophytosis, malleus was closer to
PTE.

Keywords: petrotympanic fissure; malleus position; temporomandibular disorder; disc displacement;
condyle productive changes

1. Introduction

Morphological studies showed a close relationship between the TM] and structures
of the middle ear, explained by the presence of the anterior mallear ligament (AML), the
sphenomandibular ligament (SML), and the discomallear ligament (DML) [1]. The malleus
is attached to the tympanic cavity by ligaments; however, the relationship between the DML
and the temporomandibular articular disc (TM] disc) has an exact undisclosed morphology.
Previous reports suggested that the anatomical feature of the connection between malleus
and TM] disc gives rise to TM] pain and dysfunction [2]. One of the clinical causes of
hearing impairment and temporomandibular joint dysfunction (TMD) is an architectural
association between the temporal bones and the DML [3-5]. Therefore, the conformation
of these ligaments may be associated with TM] pain and dysfunction, as well as hearing
impairment. Several studies have linked otological disorders to ligamentous structures
between the middle ear and the TMJ [6,7].
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The presence of DML has been described in anatomic studies in human adult speci-
mens and fetuses, being attached to the retrodiscal tissues of the TM] [6]. It was suggested
that the PTF, in combination with the DML, has a significant role in auditory function-
ality [8]. The excessive elongation of the condyle could be a possible cause of otological
issues in patients with temporomandibular disorders (TMDs). Sencimen et al. have stated
that ligaments connecting the tympanic ossicular chain and the TMJ could lead to auditory
impairment in TMD patients [9,10] due to the tension of the DML and the movement of the
malleus [11].

Clinical implications for the morphology of the tympanic cavity structures were
noticed in TM]J disorders [12]. A recent ex vivo study demonstrated the movement of the
malleus head caused by stretching on the DML with possible clinical implications on TM]
disc displacement (DD) [13].

It has also been suggested that the structure of the PTF could play an important
role in the movement of the malleus in the middle ear and the TM]J articular disc [13].
CBCT can accurately characterize the anatomical type of PTF with a reduced radiation
dose [14]. However, the CBCT does not allow the soft tissues to be analyzed, and neither the
morphology of DML nor the TM] articular disc is visible on CBCT. The CBCT assessment
of malleus head position and TPF morphology and their correlation with TMJ disc position
on MRI examination could better explain the DML involvement in otologic symptoms in
TMD patients.

The study of the relationship between the TM]J disc and malleus position could be im-
portant for a better understanding of auditory symptoms in patients with TMD. Moreover,
in patients with acoustic disturbances, the imaging evaluation of the TMD may be relevant.

As far as we know, no study has yet investigated the PTF types concerning the TM]
disc displacement (DD) on MRI and malleus position, and the results could be relevant
for dental and ENT practitioners. Our hypothesis was that petrotympanic architecture
and malleus location is connected to TMJ disc position. Therefore, the aim of this research
was to assess possible relationships between petrotympanic fissure characteristics (length,
diameter, and type—1, 2, 3), malleus position (malleus to tegmen tympani distance and
malleus to PTF distance), and temporomandibular disorders (disc displacement with or
without reduction, and normal disc position).

2. Materials and Methods

A retrospective study was designed to evaluate the TMJ disc displacement by magnetic
resonance imaging (MRI) and the morphology of the PTF and malleus position by cone
beam computed tomography (CBCT). Patients were selected from those admitted to our
clinic for treatment of temporomandibular disorders (TMDs), with a median age of 30
(IQR 18-37), ranging from 18 to 59 years, who were clinically investigated according to
the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) axis I
protocol [15]. Only patients with clinical suspicion of TMD were included in the study.
All patients underwent MRI and CBCT examination to evaluate disc displacement (DD)
and condylar bone changes. The study did not include subjects aged less than 18 years
with TM] tumors, cleft, TM] trauma, condylar resorption, inflammatory arthritis, and MRI
joint effusion.

The procedures and protocol were approved by the institutional review board at the
University and by the Ethics Committee, certificate number 173.010. Informed consent was
obtained from each of the subjects before performing the study.

2.1. MRI Examination

All MRI images were obtained using a 1.5 T system (General Electric, Signa Excite HD,
General Electric Healthcare, Helsinki, Finland) with a split head coil. All subjects were
placed into the standard head coil with fixation devices on both sides. Disc position was
evaluated on proton density fast spin echo sagittal oblique images with the closed and
open mouth position (TR, 2000 ms; TE, 13 ms; FOV, 326 x 140 mm; matrix, 256 /256) and
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T2 fast spin echo sagittal oblique images with closed mouth position (TR, 2980 ms; TE,
77 ms; FOV, 196 x 84 mm; matrix, 256/256). Coronal oblique slices were placed parallel
to the long axis of the mandibular condyles, whereas sagittal oblique slices were placed
perpendicular to the long axis of the condyles. The disc shape (Figure 1) was assessed
on sagittal oblique reconstruction oriented perpendicular to the longest diameter of the
condylar head according to the shapes described by Orhan et al. [16]. The following disc
shapes were encountered: folded (curved shape when not lying flat); lengthened (a disc
with equal thickness); thickened posterior band; normal disc shape (biconcave shape, with
narrowed intermediate zone and fully visible posterior and anterior bands).

Figure 1. Disc shape figures: (a) folded—curved shape when not lying flat; (b) lengthened—a disc
with equal thickness; (c) thickened posterior band; (d) normal—biconcave shape, with narrowed
intermediate zone and fully visible posterior and anterior bands.

The encountered disc positions on MRI were normal disc position (N), disc displace-
ment with reduction (DDR), and disc displacement without reduction (DDwR), according
to the examination protocol previously described [17].
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2.2. CBCT Examination of the TM] and the Temporal Bone

CBCT was used to determine the PTF type, condyle morphology, and the malleus
position. Axial slices were obtained from a Planmeca ProMax 3DMid CBCT machine
(Planmeca Oy, Helsinki, Finland), 80 x 80 mm FOV, voxel size 0.2 mm?3. On CBCT images,
axial sections through the maximum diameter of the condyle were identified, and recon-
structions were made in the oblique sagittal and coronal plane of the condyle axis. The
sections with visible petrotympanic fissures were selected for assessing the PTF type, PTF
dimensions, and malleus position. The multiplanar reconstruction and measurements were
performed using the CBCT software (Romexis 6.1.1, Planmeca Oy, Helsinki, Finland).

The type of petrotympanic fissure was described according to Sato et al., [13]: type 1:
wide tunnel-shaped structure; type 2: tunnel-shaped structure widely open in the entrance
of the PF to the mandibular fossa and gradually thinning out in the tympanic cavity; type
3: tunnel-shaped structure widely open in the entrance of the mandibular fossa, the middle
region with flat-shaped tunnel structure and narrow exit in the tympanic cavity and is
shown in Figure 2. The PFT’s length and maximal diameter were also recorded on oblique
sagittal CBCT reconstructions (Figure 3).

Figure 2. PTF types—(a) type 1: broad tunnel-shaped structure; (b) type 2: tunnel-shaped structure
widely open in the entrance to the mandibular fossa and gradually thinning out in the tympanic
cavity; (c) type 3: tunnel-shaped structure widely open in the entrance of the mandibular fossa and
narrow egress in the tympanic cavity.

Malleus position was assessed related to the opening of PTF in the tympanic cavity on
the oblique reconstructed sagittal images on the long condyle axis. The malleus position
was quantified by measuring the shortest distance from the malleus head to the tegmen
tympani and the petrotympanic fissure.

The normal type of condyle was considered in the absence of any shape or size changes.
Bone degenerative changes such as modified articular condyle surface, bone productive
changes, bone erosion, and subcortical cyst were noted.

All MRI and CBCT images were evaluated independently by two observers with over
ten years of experience in maxillofacial diagnosis on the same monitor and under identical
examining conditions after mutual calibration.
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Figure 3. Measurements of petrotympanic fissure: (a) largest width (diameter); (b) length.

2.3. Statistical Analysis

For normally distributed data, the mean and standard deviation were used; otherwise,
the median and interquartile range were computed. The data were assessed for normality
using the quantile-quantile plot and the Shapiro-Wilk test. For nonnormally distributed
data, the Wilcoxon rank-sum test or Kruskal-Wallis test were used to look for differences
between two or more independent sets of quantitative data. Absolute and relative frequen-
cies were used to describe qualitative data. The relationship between qualitative variables
was assessed using the Fisher exact test if more than 20% of the predicted frequencies were
less than 5 or the chi-squared test otherwise. The interclass correlation coefficient (ICC)
and the accompanying test of significance were used to examine interrater reliability for
the measurements of PTF dimensions and malleus position (ICC ranged between 0.61 and
0.76 p < 0.0001). The significance threshold alpha used for all statistical tests was 0.05, and
the two-tailed p-value was obtained. The statistical analysis was performed using the R
environment for statistical computing and graphics, version 4.1.2 [18]. The IRR package
version 0.84.1 was used for interrater reliability [19].

3. Results

Fifty-eight TMJs from twenty-nine patients (23 females and 6 males) were assessed.
The study group consisted of thirty-eight TMJs with disc displacements: twenty-five with
reduction (DDR) and thirteen without reduction (DDwR). The control group comprised
twenty TMJs with normal disc positions (N).

The PTF characteristics and malleus position are summarized in Tables 1 and 2. The
analyzed cases were comparable regarding the PTF type. The most prevalent PTF type was
type 1, followed by type 3 and type 2. The largest diameter was encountered in the type 1
fissure. The length of the fissure ranged from 1.8 to 5.55, being the shortest in type 2 PTF,
with no statistical differences between types. The overall PTF diameter ranged between 0.6
and 3.45 mm. The malleus position, expressed by the distance to tegmen tympani and PTF,
showed no statistical difference between the PTF types.
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Table 1. PTF type in TMD patients according to disc position.

Disc Position PTF Type 1 (n = 23) PTF Type 2 (n = 14) PTF Type 3 (n = 21) p-Value
DDR, n (%) 10 (43.48) 7 (50) 8(38.1) 0.56

DDwR, n (%) 7(30.43) 3(21.43) 3(14.29)

Normal, n (%) 6 (26.09) 4 (28.57) 10 (47.62)

PTEF, petrotympanic fissure; TMD, temporomandibular disorder; DDR, disc displacement with reduction; DDwR,
disc displacement without reduction.

Table 2. CBCT evaluation of PTF characteristics and malleus position.

Characteristics PTII: I};I;)e 1 P](;l: I}E; 2 PT: P;I; 3 p-Value
PTF characteristics
PTF diameter (mm), median (IQR) 1.5 (1.25-1.77) 1.12 (0.86-2.09) 14 (1.1-2.3) 0.484
PTF length (mm), median (IQR) 3.90 (3.35-4.50) 3.65 (3.35-4.21) 4.35 (3.35-4.70) 0.483
Malleus position
Malleus to tegrr“nigg;“(ﬁ’gl‘{i)di“ame (mm), 2.60 (1.73-3.12) 235(1.95-294)  2.55(2.05-3.25) 0.708
Malleus to PTF distance (mm), median (IQR) 2.75 (2.22-3.45) 2.65 (2.09-2.75) 2.4 (2.05-2.9) 0.249

CBCT, cone beam computed tomography; PTF, petrotympanic fissure; IQR, interquartile range.

Comparisons between disc position related to PTF dimensions and malleus position
are summarized in Table 3. There were no differences regarding PTF types and PTF
dimensions related to disc position. The distance between the malleus head and tegmen
tympani varied between 0.95-4.45 mm. The malleus position was not associated with
significant changes in the distance from the malleus head to tegmen tympani or the PTF in
subjects with disc displacement compared to those with normal disc positions.

Table 3. The PTF characteristics and malleus position according to MRI disc position.

MRI Disc Position DDR (n = 25) DDwR (n =13) Normal (n = 20) p-Value
PTF characteristics
PTF diameter (mm), median (IQR) 3.94 (0.76) 3.88 (0.91) 3.94 (0.97) 0.977
PTF length (mm), median (IQR) 4.00 (3.35-4.50) 4.10 (3.35-4.70) 3.85 (3.34-4.50) 0.993

Malleus position

Malleus to tegmen tympani distance (mm),
median (IQR)

Malleus to PTF distance (mm), median (IQR) 2.75(2.15-3.1) 24 (2.1-3) 2.52 (2.16-2.92) 0.519

PTE, petrotympanic fissure; MRI, magnetic resonance imaging; TMD, temporomandibular disorder; DDR, disc
displacement with reduction; DDwR, disc displacement without reduction; IQR, interquartile range.

2.40 (1.75-3.00) 2.60 (1.90-2.95) 2.42 (1.90-3.15) 0.969

Comparisons between disc shape related to malleus position and PTF dimensions are
shown in Table 4. A modified disc shape was encountered in 31 subjects with DD (81.57%)
and 11 subjects (55%) with normal disc positions. No significant associations were found
between disc shape, PTF dimensions, and malleus position.
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Table 4. PTF dimensions and malleus position related to disc shape.
. _ Lengthened Thickened Posterior Normal
Disc Shape Folded (n = 6) (n = 16) Band (n = 20) (1 = 16) p-Value
PTF diameter (mm), median (IQR) ~ 1.32 (1.14-1.48)  1.25 (1.14-1.64) 1.40 (0.90-1.92) 1.68 (1.24-2.06)  0.424
PTF length (mm), median (IQR) 3.60 (3.31-4.22)  3.45 (3.00-4.50) 4.15(3.44-4.53) 4.10 (3.50-4.74) 0.487
Malleus to tegmen tympani . g g »
distance (mum), median (IO) 27(1.95-3.19)  2.67 (2.18-3.21) 2.3 (1.86-2.95) 2.3 (1.87-2.96) 0.624
Malleus to PTF distance (mm),
median (IOR) 2.85(2.1-3.56)  2.55 (2.11-3.29) 2.65 (2.09-3.1) 2.4 (2.19-2.75) 0.891
PTE, petrotympanic fissure; IQR, interquartile range.

Only a number of twenty-three TM]Js (39.65%) were with normal condyle. Normal and
disc displacement subjects encountered various bone productive changes, bone erosions,
and condyle shape changes (Table 5). The erosive changes and condyle osteophytes
production were more frequent in subjects with disc displacement compared to normal
disc position. The condylar bone changes, meaning erosions, flat condyle, osteophytosis, or
osteosclerosis, were identified in 21 cases (55.26%) of subjects with disc displacements (out
of 38) and 14 subjects (70%) with normal disc position (out of 20).

Table 5. Condylar changes in TMD according to disc position.

Condylar Changes DDR (n = 25) DDwR (n =13) Normal (n = 20) p-Value
Bone cysts, n (%) 0(0) 0(0) 1(5) 0.569
Erosive changes, n (%) 6 (24) 8 (61.54) 3(15) 0.012
Condylar osteosclerosis, n (%) 6 (24) 5 (38.46) 3 (15) 0.33
Condylar osteophytes, n (%) 6 (24) 9 (69.23) 7 (35) 0.023
Condyle shape changes, n (%) 9 (36) 8 (61.54) 10 (50) 0.303
Normal condyle, n (%) 14 (56) 3(23.08) 6 (30) 0.08

TMD, temporomandibular disorder; MRI, magnetic resonance imaging; DDR, disc displacement with reduction;
DDwR, disc displacement without reduction.

The PTF dimensions and malleus position related to condylar changes are shown in
Table 6. We found that malleus was closer to PTF in cases with erosive changes as well
as those with condylar osteophytosis. Moreover, the PTF length was higher in cases with
condylar osteophytosis compared to those without.

Table 6. PTF dimensions and malleus position related to condylar changes.

Characteristics PTF Diameter PTF Length (mm) Malle.us Fo Tegmen Mf:tlleus to PTF
(mm) Tympani Distance (mm) Distance (mm)
Bone cysts
no (n =57) 1.40 (1.15-1.95) 4.00 (3.35-4.50) 2.50 (1.90-3.10) 2.55(2.15-3.10)
yes (n=1) 0.80 (0.80-0.80) 1.80 (1.80-1.80) 2.05 (2.05-2.05) 1.50 (1.50-1.50)
p-value 0.12 0.088 0.57 0.12
Erosive changes
no (n =41) 1.50 (1.20-1.95) 3.95 (3.35-4.50) 2.55 (1.90-3.25) 2.75(2.25-3.15)
yes (n =17) 1.25 (1.10-1.95) 4.00 (3.00-4.70) 2.50 (2.00-2.90) 2.15 (1.85-2.75)
p-value 0.338 0.584 0.351 0.029
Condyle shape changes
no (n =31) 1.55 (1.15-2.05) 3.95 (3.40-4.50) 2.60 (1.90-3.25) 2.75 (2.30-3.00)
yes (n =27) 1.35 (1.12-1.73) 4.00 (3.17-4.65) 2.30 (1.90-2.95) 2.40 (1.92-3.12)
p-value 0.31 0.749 0.382 0.221
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Table 6. Cont.

Characteristics

PTF Diameter
(mm)

Malleus to PTF
Distance (mm)

Malleus to Tegmen

PTF Length (mm) Tympani Distance (mm)

Condylar osteosclerosis

no (n = 44)
yes (n = 14)
p-value

Condylar osteophytes

no (n = 36)
yes (n =22)
p-value
Nomal condyle
no (n = 35)
yes (n = 23)
p-value

1.30 (1.05-1.91) 3.83 (3.34-4.41) 2.52 (1.90-3.25) 2.60 (2.15-3.11)
1.68 (1.40-1.99) 4.65 (3.51-4.91) 2.40 (1.52-2.94) 2.42 (2.10-2.94)
0.113 0.055 0.331 0.501
1.40 (0.90-1.83) 3.67 (3.34-4.28) 2.50 (1.87-3.35) 2.75 (2.33-3.32)
1.55 (1.17-2.02) 4.45 (3.50-4.77) 2.50 (1.90-2.86) 2.25 (1.91-2.75)
0.208 0.039 0.199 0.015
1.40 (1.15-1.95) 4.05 (3.33-4.72) 2.30 (1.90-2.92) 2.50 (2.00-3.00)
1.40 (0.90-1.97) 3.90 (3.42-4.30) 2.90 (1.85-3.35) 2.75 (2.30-3.20)
0.644 0.622 0.184 0.169

Results are presented as medians and interquartile ranges. PTE, petrotympanic fissure.

4. Discussion

The discomallear ligament has been identified as a band of connective tissue located
laterally relative to the sphenomandibular ligament. DML runs through the petrotympanic
fissure (PTF) from the anterior part of the malleus towards the posteromedial side of
the TM]J disc inside the PTF [6]. According to some authors, DML is an independent
ligament structure being a vestige of the primitive lateral pterygoid muscle, which crosses
the petrotympanic fissure, whereas other reports sustain that discomallear ligament is a
component of the anterior mallear ligament (AML) [20].

The relationship between TMJ disc and malleus was described mainly in ex vivo
studies. In trying to clarify the ligaments’ involvement in malleus movement, traction
and tension experiments were performed on fifteen skulls, showing that excessive inferior
movement of the condyle can unpredictably mobilize the ossicles of the middle ear [9].
However, there is controversy related to the influence of the DML on the malleus movement.
Some authors point out the influence of AML stretch on malleus position, while other
studies showed that DML and AML are intrinsic ligamentous structures of the TMJ with
no important function. [3,10] In this debate, our study tried to bring more evidence related
to the PTF morphology and malleus position measured on CBCT images concerning DDR
and DDwR evaluated on MRI. The correlation of these imaging aspects could provide more
concrete evidence for the relationship between TM] disc and the middle ear in clinical
TMD cases.

In our retrospective study, we found that the malleus position was not significantly
different in patients with DD compared to TMD’s normal disc position. However, the
distance between the malleus head and PTF was decreased in subjects with DD compared
to those with normal disc positions. In addition, the PTF length and diameter were not
correlated with DD or malleus position. Only in patients with TMD and condylar erosive
changes, as well as those with condylar osteophytosis a closer position of the malleus
to PTF was noted. Condylar erosion is a symptom of ongoing osteoarthritic alterations
that may be linked to altered dentofacial morphology [21]; thus, bone erosions may be
associated with disc displacement. Moreover, condylar erosion was found to be a major
contributor to a painful disc displacement without reduction [22].

In contrast to our findings, Anastasi et al. [23] discovered that, depending on the
clinical aspects, TMJ can determine variations in tension passed on the tympanic membrane
responsible that could explain a higher prevalence of tinnitus in TMD patients [24]. More
authors suggested that connections between the middle ear and TM] play a significant
clinical role in the occurrence of auditory symptoms [23,25,26]. Our study did not take into
consideration the otological symptoms in TMD included subjects which could explain the
differences between our results and the previously reported ones. However, Kijac et al.
explained the presence of tinnitus by vascular modifications and alterations in cochlear
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microcirculation, due to the tension of the masticatory muscles. In addition, they have
shown that tinnitus is highly associated with the form and location of the petrotympanic
fissure and was reported by patients with TMJ disc displacement [27].

PTF is a fine structure and is better highlighted on high-resolution images, such as
CBCT. We found a lower incidence of type 2 PTE which is consistent with other research
findings [5,13]. No significant differences in PTF type were found connected to DD. In
the literature, the prevalence of the reported PTF type is variable. Some authors evidence
no link between age and gender, and PTF type was reported [5], whereas others found a
higher prevalence of type 3 in male patients [20].

Villalba et al. reported a higher prevalence of Type 2 PTF (46.7%) compared to other
studies [28]. However, the reported prevalence of PTF type is variable and depends on the
applied methods for PTF evidence and the examination conditions. Cakur et al. suggested
that the difference in reported PTF types could be related to the fact that type 3 is easier to
diagnose than types 1 and 2, and because type 2 gradually thins out, diagnosing it would
be difficult [5]. In our study, we encountered 39.65% type 1—a wide tunnel-shaped tunnel,
24.13% type 2—Ilarge and gradually narrows to the tympanic cavity, and 36.20% type 3
PTF—wide at the mandibular fossa’s entrance. Although no significant differences were
encountered in TMD patients, type 3 was more frequent in TMD patients with no disc
displacements. Our results are in concordance with Sato et al. [13], who showed that the
wide structure of PTF type 1 is more easily affected by TMJ disc displacement.

The length of DML was previously reported in different ways according to the imaging
acquisition and measurement methods. Runci Anastasi et al. identified DML in axial CT
images as a dense structure going from the upper end of the petrotympanic fissure to
the neck of the malleus with a triangular shape (90%), rectangular shape (5%), and with
a curved course (5%) [29]. The following dimensions of this structure were reported:
mean length of the anteromedial side 2 & 0.6 mm, the anterolateral side 1.63 £ 0.5, and
mean area of 1.29 & 0.83 mm?. Ramirez Aristeguieta et al. measured the DML on new
temporal blocks, and they found a mean length of the discomallear and anterior mallear
ligaments of 6.88 mm (SD 0.81) and 4.22 mm (SD 1.17), respectively, with no statistically
significant difference being revealed between the sides [30]. On CBCT, we measured the
length of the PTF and the distance between the malleus head and the opening of PTF in the
tympanic cavity, and the values of the interquartile range were between 3.35-4.70 mm and
2.09-3.56 mm, respectively, with no significant association to the PTF type, disc shape
or disc position. Moreover, the distance between the malleus head and tegmen tympani
varied between 0.95-4.45 mm, with no significant differences in DD. These results show
that from an anatomical point of view, the malleus position in the tympanic cavity is not
significantly influenced by DD in the studied subjects.

The condylar bone changes encountered in our patients were also correlated with
malleus position. The overall outcome of our study does not reveal a significant association
between bone changes and malleus position changes. Moreover, a shorter distance from
malleus to PTF was found in patients with condylar erosions, and the PTF length was
higher in presence of condylar osteophytes.

We found that erosive changes and condyle osteophytes were more prevalent in
subjects with disc displacement than in those with normal disc position; malleus was closer
to PTF in cases with erosive changes as well as those with condylar osteophytosis; PTF
length was greater in cases with condylar osteophytosis than in those with normal disc
position. These findings suggest that malleus position is modified in DD with degenerative
bone changes and highlight the need for TMD assessment in patients with unexplained
acoustic symptoms.

Our study found that TMJ disorders were connected with the morphology of the
tympanic cavity’s components. In addition, it has been theorized that the architecture of
the PTF may play an important role in the movement of the malleus in the middle ear
and the articular disc of the TMJ [13]. This might have future clinical implications for
individuals with TM] disc displacement since as the subjects in our study with DD had a
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shorter distance between the malleus head and PTF compared to those with normal disc
positions. In addition, in individuals with TMD, condylar erosive alterations, and bone
osteophytes, the malleus was seen to be closer to the PTE.

The main limitation of our study is that it is retrospective, and therefore the clinical
data, such as associated acoustic symptoms, were not investigated. The malleus position
evidence would be useful in patients with auditory symptoms and DD. However, the
retrospective nature of the study does not preclude quality measurements on MRI and
CBCT. The reduced number of cases investigated by MRI and CBCT in the same examining
conditions represents another limitation of the study. Nevertheless, we found statistically
significant associations between bone productive changes and malleus position.

A certain association related to the distance between the malleus and PTF needs
further comparison of MRI and CBCT examinations on a higher number of TMD patients.

The strength relies upon the fact that, to the best of our knowledge, this is the first
clinical study that evaluated the malleus position to DD and bone productive changes in
TMD subjects. A certain association related to the malleus position in the middle ear and
PTF needs further comparison of MRI and CBCT examinations on a higher number of
TMD patients.

5. Conclusions

Our study could not identify the existence of a relationship between disc displacements
and malleus position, PTF type, or dimensions. A significant association was found between
the condylar bone changes in patients with disc displacements and the distance from the
malleus to the petrotympanic fissure. The malleus was observed to be closer to the PTF in
individuals with TMD, condylar erosive changes, and bone osteophytes. These findings
show the value of imaging examination of the TM]J in patients with unexplained auditory
disturbances. Our study suggests that in patients with unexplained auditory symptoms
and a TMJ diagnosis, an assessment of disc position and condyle bone structure is necessary
to diagnose a possible TMD early and to treat it as soon as possible in order to prevent
further deterioration of the joints and improve the patient’s quality of life. Nevertheless,
we consider that our results are still preliminary, and due to the small number of studied
cases, these results should be validated on a higher number of subjects.
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Abstract. Temporomandibular disorders (TMDs) are char-
acterized by numerous pain manifestations. Their treatment
often involves the use of an oral splint. Recent research has
found a relationship between migraines, nociceptive pain and
TMDs. The aim of the present study was to perform a scoping
review of studies in order to evaluate the effectiveness of the
various types of oral splint in the treatment of migraine or
nociceptive pain. Publications were retrieved from seven data-
bases (PubMed, Web of Science, EMBASE, Scopus, ProQuest,
SpringerLink and Ovid). Out of the 15 included publications,
three studies were before and after studies, with no control
group, whereas the other twelve studies were clinical trials,
among which two publications were crossover studies. A clear,
single distinction of pain was difficult to describe. Therefore,
numerous publications focused on a combination of various
types of pains, including myofascial, temporomandibular
joint, headaches and migraine-like symptoms, all of which
mimicked TMD pain. Overall, six studies used the stabiliza-
tion splint (SS), three explored the comparison between the
SS and the nociceptive trigeminal inhibition splint (NTIS) and
two the NTIS. The majority of publications reported a positive
outcome of splint therapy. Regarding the type of oral splint
usage, the most commonly used one was the SS, followed by
the NTIS. The definition and assessment of pain were heter-
ogenous in the identified articles. The findings of the current
study showed that occlusal splints may help with pain manage-
ment, and that effective treatment of TMD-related pain at an
early stage can enhance the quality of life of patients.
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Introduction

Migraines are considered to be one of the most distressing
disorders, especially in chronic cases. Moreover, patients
frequently utilize excessive amounts of drugs in order to treat
these intense headaches (1). The International Classification
of Headache Disorders (3rd edition) diagnoses a migraine as
a primary headache, whereas a headache that is attributed to
temporomandibular disorders (TMDs) is considered to be a
secondary one (2). Migraines can cause facial or dental pain,
which demonstrates the trigeminal-vascular systems role, as
well as the roles of inflammatory or pathological processes in
the facial area that may trigger or aggravate migraines (3).

Preconscious nociceptive mechanisms are unconscious,
whereas pain is a conscious subjective assessment of an
organism's physical harm (4). Nociceptive pain is caused by
the stimulation of nociceptive trigeminal receptors and the
exposure of these receptors may result in neurogenic pain (5).

The gold standard for diagnosing TMD is based on the
Diagnostic Criteria for TMD for clinical and research appli-
cations (6,7). Accordingly, the systematic classification of
TMD comprises of temporomandibular joint (TMJ) disorders
(including joint pain, joint disorders, joint diseases, fractures
and congenital/developmental disorders), masticatory muscle
disorders (including muscle pain, contracture, hypertrophy,
neoplasm, movement disorders and masticatory muscle pain
attributed to systemic/central pain disorders), headaches and
craniofacial structures (6).

TMD can trigger headaches, as well as exacerbate existing
primary headaches, and also contributes to the chronicity of
migraines (8). A standardized therapeutic approach to treat
TMDs has not yet been established due to the wide range of
symptoms and a complex etiology (9). Oral splints (10), along
with other treatment possibilities, have been proposed, such
as drugs (11), self-care (12), exercise therapy (13,14), acupunc-
ture (15), physiotherapy (16), photo-biomodulation (17), laser
therapy (18) and surgery (19,20).

Oral splints are a reversible, non-invasive treatment for
temporomandibular dysfunction; however, their clinical
effectiveness is still unknown (21). Numerous types of oral
appliances have previously been described, including stabi-
lization splints (SSs), anterior repositioning appliances, bite
planes and hard or soft splints (22).
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The role of oral splints in the treatment of nociceptive pain
or migraines is still unclear.

Manrriquez et al (23), in a systematic review and
meta-analysis, demonstrated that SSs induces a reduction of
headache intensity or frequency in patients with TMD head-
ache comorbidity. However, the evidence quality in this study
was low, with only nine studies being analyzed in the quali-
tative synthesis and five studies in the quantitative synthesis
(meta-analysis). However, the authors reported no significant
difference in the use of partial hard or soft splints or full arch
splint use (23). A recent review investigating the effects of a
SSs on headaches in patients with TMDs, revealed that even
though SS therapy reduced headache intensity and frequency,
the evidence quality was inadequate due to the high bias risk
and small sample size, which indicated that there is a need for
more research (23).

To the best of our knowledge this is the first scoping review
which investigated both therapeutic approaches, stabilization
splints and nociceptive trigeminal inhibition splints, with
regards to nociceptive pain and migraines.

Materials and methods

Protocol and registration. The present review was performed
according to the procedures proposed by the Joanna Briggs
Institute Methods Manual for scoping reviews (24). The
findings were reported using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) extension
for Scoping Reviews (25). The Open Science Framework
platform (identification no. Y86QX) was used to register the
study protocol prospectively on 30th May 2022 (https://osf.
10/y864qx).

Eligibility criteria. Peer-reviewed journal studies that were
written in the English language, without a time limit of publi-
cation, that addressed nociceptive pain or migraine and oral
splints and engaged human participants, were included in the
present review. Moreover, studies were included if they were
peer-reviewed original studies, including nociceptive pain and
migraine patients, and were focused on oral splints.

The exclusion criteria included, systematic reviews,
literature and scoping reviews, meta-analyses, letters to the
editor, comments, communications, case reports, conference
abstracts, practice guidelines, editorials and articles written in
languages other than English.

Information sources and the search strategy. Searches were
performed without time restrictions using seven electronic
databases directed in the English language in May 2022. The
search strategy was drafted by a specialist in TMDs with over
10 years of experience and was adapted to other databases. The
following terms were searched: ‘nociceptive pain’, ‘migraine’,
‘migraine disorders’, ‘migraineous’, ‘oral splint’, ‘oral splints’.
The research strategy was constructed using the Patient,
Intervention, Comparison, Outcome (PICO) framework:
P-subjects with nociceptive pain or migraine; [-oral splint;
C-controls without an oral splint; and O-oral splint effect.
This comprehensive search was performed using the
following databases: PubMed, Web of Science, Embase,
Scopus, ProQuest, SpringerLink and Ovid, to find original

articles using the following keywords, ‘nociceptive pain’,
‘migraine’ and ‘oral splint’. The last search was conducted on
30th May 2022.

Screening. The study selection was performed using the Rayyan
online platform (26), a web tool (https://www.rayyan.ai/) to
assist in working on systematic reviews and scoping reviews.
The publications were examined by two researchers who
assessed the titles and abstracts for relevance and the presence
of the eligibility criteria. The full text of the retrieved articles
was assessed. The publications were classified into the following
three groups: i) Included; ii) excluded; and iii) maybe. In the
case of any possible disagreements, or articles that were put in
the maybe group, a consensus was reached by discussion and
differences in opinion were settled via a debate.

Data collection and analysis. Two reviewers participated in
creating a data-charting template to establish which parameters
to extract. A data extraction form was created using Microsoft
Excel (Microsoft Office 2019®; Microsoft Corporation) soft-
ware (27). The data collected and recorded included author
and year of publication, country, study population, type of oral
splint and effect of oral splint on pain or migraine. A descrip-
tive analysis of the data was performed and the data were
recorded independently by two researchers and subsequently
confirmed.

Critical appraisal of individual sources of evidence. The
methodological quality of the eligible studies included in the
present review was rated using the quality assessment tools
(questionnaires that help to assess the methodological quality
of articles) provided by the National Heart Lung and Blood
Institute (28).

Results

Selection of sources of evidence. The performed search within
seven databases [PubMed (n=21), EMBASE (n=22), Scopus
(n=6), Web of Science (n=21), SpringerLink (n=18), ProQuest
(n=13), Ovid (n=13)] yielded 114 publications in total. After
removing duplicates, a total number of 92 publications were
considered. The remaining publications were screened for
eligibility, eliminating studies that had a study design specified
in the exclusion criteria (n=57), background articles (n=10),
irrelevant articles (n=2) and duplicate records, which were
removed manually (n=3); this led to 18 articles being retrieved.
Out of the identified articles, two articles could not be retrieved.
The 16 full texts of the relevant publications were acquired
and reviewed according to the inclusion and exclusion criteria.
One paper was excluded since the outcome was not reported.
A final list of 15 publications was collated.

Characteristics of the studies and synthesis of results. The
characteristics of the included studies are presented in Table I,
including the country, study type, study population, main
complaint, type of oral splint used, method of assessment and
treatment effect.

All included publications were published in the last
15 years and came from a variety of sources, including
one from Austria (29), four from Brazil (30-33), one from
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Table 1. Continued.

Method of

Study population and

assessment Oral splint effect (Refs.)

Oral splint type

Main complaint

splint wearing time

Study type

Country

First author/s, year

for patients receiving a
combination of both

therapies.

ALMASAN et al: ORAL SPLINTS FOR NOCICEPTIVE PAIN AND MIGRAINES

CT, clinical trial; CO, crossover; RCT, randomized clinical trial; R, retrospective; TMD, temporomandibular disorder; TMJ, temporomandibular joint; SS, stabilization splint; NTIS, nociceptive trigeminal
inhibition splint; ARS, anterior repositioning splint; OHQoL, oral-health-related quality of life; VAS, visual analog scale; Mod-SSI, Modified Symptom Severity Index; EMG, electromyographic; RDC/

TMD, research diagnostic criteria for temporomandibular disorders; MMP, masticatory myofascial pain; DDR, disc displacement with reduction; HIT-6, Headache Impact Test questionnaire; PPT, pressure

pain threshold; MOH, medication overuse headache; PIFP, persistent idiopathic facial pain; MIDAS, migraine disability score.

Denmark (34), one from Germany (35), one from India (36),
one from Iran (37), three from Italy (38-40), one from the
USA (41) and two from Turkey (42,43). The continental
distribution of these publications was similar across America
(33.33%), Asia (26.66%) and Europe (40%). Three studies were
before and after studies (studies that made repeated observa-
tions on one group, before and after an intervention), with no
control group (33,37,42), whereas the other 12 studies were
clinical trials, among which two publications were crossover
studies (each subject in the study received both treatments, but
the order of receiving it was randomized) (34.,41).

A clear, single distinction of pain was difficult to describe
and therefore numerous publications focused on a combination
of nociceptive pains, such as myofascial, TMJ pain, head-
aches and migraine-like symptoms, all of which mimicked
TMD pain. Myofascial pain (29,30,33,34,36,40,43) and TMJ
pain (29,31,34,37,40,42) were investigated in a number of
studies. Pain assessment was usually assessed using question-
naires, like the Fonseca questionnaire (42) and a visual analog
scale was cited by numerous studies (29-32,34,35,38,40,42).
The migraine disability score was applied in two
studies (38,39). The Headache Impact Test questionnaire was
used by Blumenfeld and Boyd (41).

Regarding the type of oral splints used, numerous publi-
cations reported the use of SSs, including Amin ef al (36),
Costa et al (32), La Mantia et al (39), Mortazavi et al (37),
Saha et al (35) and Schmid-Schwap et al (29). The nociceptive
trigeminal inhibition splint (NTIS) was used by Blumenfeld and
Boyd (41), who compared it to a placebo device and Hasanoglu
Erbasar et al (43). Comparisons between the SS and the NTIS
were reported in numerous studies (30,34,42). Haggiag et al (33)
introduced an innovative splint, the ‘posterior occlusal intraoral
device named ‘DIVA®’, whereas Rampello et al (40) described a
special, particularized splint called ‘UNIRA’.

The reported outcomes of splint therapy varied. A number
of studies (60%) reported a positive outcome for splint therapy,
including Aksakalli et al (42), Amin et al (36), Blumenfeld and
Boyd (41), Conti et al (30,31), Costa et al (32), Didier et al (38),
Haggiag et al (33) and Mortazavi et al (37). Aksakalli et al (42)
demonstrated that splint therapy decreased TMD complaints,
improved the movements of the mandible in patients with TMD
and reduced overall pain in patients with both SSs and NTISs.
Amin et al (36) suggested that practitioners should consider
using occlusal splints as a therapeutic option when treating
patients with myofascial pain dysfunction, which demonstrated
that the splints reduced pain symptoms. Blumenfeld and
Boyd (41) demonstrated that patients with chronic migraines
may experience nighttime jaw clenching, which may be a
potential cause; however, an improvement of these symptoms
was observed in patients using NTISs. Conti et al (30) reported
that behavioral adjustments are helpful in pain management
and that the simultaneous use of oral devices appears to lead
to an earlier improvement. Furthermore, Conti et al (31),
demonstrated that oral appliances are efficient in the manage-
ment of disc displacement with pain reduction, in association
with behavioral therapy. Costa et al (32) reported an early
improvement of symptoms in patients with masticatory
myofascial pain, wearing a SS. Didier et al (38) demon-
strated that occlusal devices are effective and well-tolerated
in the treatment of headaches and persistent idiopathic facial
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Table II. National Heart Lung and Blood Institute quality assessment tool for before-after (pre-post) studies with no control

group.
Aksakalli et al Haggiag et al Mortazavi et al
Criteria (42) (33) (37)
1. Was the study question or objective clearly stated? Yes Yes No
2. Were eligibility/selection criteria for the study population Yes Yes Yes
prespecified and clearly described?
3. Were the participants in the study representative of those who CDh Yes CD
would be eligible for the test/service/intervention in the general or
clinical population of interest?
4. Were all eligible participants that met the prespecified entry NR Yes CD
criteria enrolled?
5. Was the sample size sufficiently large to provide confidence in No NR NR
the findings?
6. Was the test/service/intervention clearly described and delivered NR Yes Yes
consistently across the study population?
7. Were the outcome measures prespecified, clearly defined, valid, Yes Yes NR
reliable, and assessed consistently across all study participants?
8. Were the people assessing the outcomes blinded to the participants' No No NR
exposures/interventions?
9. Was the loss to follow-up after baseline 20% or less? Were those Yes Yes NR
lost to follow-up accounted for in the analysis?
10. Did the statistical methods examine changes in outcome measures Yes CD CD
from before to after the intervention? Were statistical tests done
that provided P-values for the pre-to-post changes?
11. Were outcome measures of interest taken multiple times before No Yes NR
the intervention and multiple times after the intervention (i.e., did
they use an interrupted time-series design)?
12. If the intervention was conducted at a group level (e.g., a whole NA NA NA
hospital, a community, etc.) did the statistical analysis take into
account the use of individual-level data to determine effects at the
group level?
Quality rating Poor Fair Poor

CD, cannot determine; NA, not applicable; NR, not reported.

pain. Haggiag er al (33) reported that an intraoral device
could aid in the reduction of pain in subjects suffering from
chronic migraine headaches. Moreover, Mortazavi et al (37)
demonstrated that oral splints were effective in >80% of the
enrolled subjects in the treatment of TMDs, in a study that had
a follow-up period of 1-9 years.

However, Baad-Hansen et al (34) reported that splints
did not reduce pain in a short period of time, whereas
Saha et al (35) demonstrated that the splint was not superior to
standard care in pain reduction (drugs, including non-steroidal
anti-inflammatory drugs, opioids, corticosteroids and muscle
relaxants.). Hasanoglu Erbasar ef al (43) reported that the NTIS,
along with behavioral changes, guidance and counseling, did
not add additional relief benefits to patients suffering from
TMD myofascial pain.

Critical appraisal within sources of evidence. The risk of bias
assessment in individual studies was assessed. The quality

assessment of the included studies demonstrated a fair quality
for eight studies and a good one for two studies, whereas only
five studies were assessed as poor (Tables II and III).

Discussion

The connection between migraines, headaches, nociceptive
pain and TMDs has preoccupied researchers for a long period
of time. Furthermore, there is still debate on the role of oral
splints in the treatment of associated pain. In the present
review, 15 studies addressing the role of occlusal splints in
the management of nociceptive pain or migraine, published
between 2007-2022, were identified. The results indicated
that there is still a scarcity of studies primarily focused on
the influence of oral splints on nociceptive pain or migraines.
Moreover, the type of splint varies between studies, and studies
should focus on the same type of splints to improve outcome
and symptom relief.
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Schmid-

Schwap

et al (29)
Yes

Saha
et al (35)
Yes

Rampello
et al (40)
Yes

Yes

La Mantia
etal (39)

Hasanoglu
Yes

Erbasar
et al (43)

Yes

Didier
et al (38)

Costa
etal (32)
Yes

Conti
Yes

etal (31)

Conti
et al (30)
Yes

Blumenfeld
and Boyd
(41)
No

Baad-
Yes

Hansen
et al (34)

Amin
Yes

et al (38)

Table III. Continued.
14. Were all randomized

Criteria

ALMASAN et al: ORAL SPLINTS FOR NOCICEPTIVE PAIN AND MIGRAINES

Primary headache disorders, particularly migraines, are
closely linked to TMD, as they exhibit similar dentofacial
pain characteristics (44). A relationship between painful TMD
and headaches has previously been reported (45). It has also
been demonstrated that managing craniofacial pain using an
oral splint and physical therapy in patients with TMDs and
migraines significantly improves migraines, neck pain and
head and neck posture (46). However, these effects, are not as
noticeable in patients who have migraines before the onset of
TMD (46).

Greene and Menchel (47) previously debated several
controversies related to splint therapy, including full coverage
vs. partial coverage, how oral appliances affect TMJ loading
and how oral appliances work to relieve TMJ pain. Wiens (48)
reported that patients with TMD can benefit from SSs as a
reversible treatment. Kuzmanovic Pficer et al (49) reported that
SSshave a positive effect on pain reduction and pain intensity in
muscular disorders, as well as a decrease in muscle tenderness
and result in improvements in mouth opening. Vrbanovi¢ and
Alajbeg (50) demonstrated that SSs were effective in treating
patients with chronic TMDs compared with placebo splints.
The SS, constructed in centric relation out of hard acrylic or
polycarbonate material, is one of the most frequently used
types of splint. It causes minimal changes to the relationship
between the maxilla and the mandible and therefore has the
fewest adverse effects in comparison to irreversible treatment
(such as occlusal adjustment, orthodontics or fixed prosthetic
procedures) (51).

Al-Moraissi et al (52), when studying the hierarchy of
different treatments for myogenous TMDs, found that manual
therapy, along with counseling and occlusal devices, were
considered effective treatments. Almoznino et al (53) inves-
tigated the long-term adherence of patients to occlusal splints
and reported that those with mild to major pain reduction
had higher adherence rates compared with those with no or
complete pain relief. Moreover, Garstka et al (54) demon-
strated that physical manifestations of TMDs are on the rise
amongst individuals and posture disturbances and associated
functional disorders are associated. Consequently, the diag-
nosis and medical therapy of patients with TMD ought to be
comprehensive.

A recent study reported that the influence of occlusal splints
on muscle strength is yet unknown, with no consensus on
whether occlusal splints can be used as synergists, these results
indicated the need for further research (55). Moreover, occlusal
splints have been demonstrated to improve postural balance in
patients suffering from TMD (56). Ferrillo et al (57), when
analyzing the effects of occlusal splints on the spinal posture in
subjects with TMDs, reported that occlusal splints have positive
effects, which indicated their use as a non-invasive method in
treating patients. Noguchi et al (10) also demonstrated efficient
results for patients with myofascial pain and local myalgia
using SSs. Honnef et al (58), in a systematic review investi-
gating the effects of SSs on the signs and symptoms of TMDs,
reported that the effect of the SS on the signs and symptoms
of TMDs of muscle origin could not be determined. In spite
of its extended benefits, the use of occlusal devices regarding
their type, wearing time and splint type (full coverage splint or
partial coverage splint), still need to be taught. Krief ez al (59)
also reported that a higher level of practitioner education is

Fair Good Fair Poor Fair Fair Poor Good Fair Fair Fair Poor

were originally assigned,

i.e., did they use an
intention-to- treat

the group to which they
analysis?

participants analyzed in

CD, cannot determine; NA, not applicable; NR, not reported. *just the participants were blinded.

Quality rating



EXPERIMENTAL AND THERAPEUTIC MEDICINE 25: 28, 2023 11

needed as well as an improvement in the homogeneity of
treatment procedures. Cruz et al (44) demonstrated that by
determining the onset sequence of concomitant diseases
related to TMD, the impact of TMD therapy on clinical
alterations of its comorbidity, such as migraines and cervical
dysfunction, might be identified. This study also reported
that SS therapy improves the symptoms of migraines and
TMD-related craniofacial and cervical discomfort.

Taking into consideration the fact that occlusal splints
produce reversible changes to the occlusion, the extension
limits of the splint must be considered as well as its thick-
ness. It has previously been reported that splints with a
thickness of 2 and 4 mm are both effective in the treatment
of muscle disorders (60), as well as 3 mm in thickness (61).
Kostrzewa-Janicka et al (62) determined that the thickness of
the SS should be individualized for each patient according to
the vertical jaw separation and skeletal morphology (62). A
specific vertical dimension of the splint is difficult to gener-
alize due to the individual characteristics of the occlusion. The
design of the splint is determined by the therapeutic goals,
whereas the underlying mechanisms behind the treatment
success are still unknown (47).

After assessing the efficiency of the SS integrated with a
digital occlusal analysis device in the therapy of TMD with
myofascial pain, Li et al (63) discovered that the guided
occlusal adaptation of the splint using digital technology
can achieve an enhancement of the curative implications and
outcome of patients suffering from this condition.

SSs has been proven to be superior to NTISs (64). However,
Oh et al (65) demonstrated that in subjects with TMDs and
an SS, the onset of an anterior open bite can be induced.
Moreover, Stapelmann and Turp (66) reported negative side
effects related to teeth and occlusions; therefore, careful
management of patients receiving these devices is mandatory.
Dalewski et al (67), when studying the occlusal splint vs. the
NTIS in subjects with bruxism, by means of using surface
electromyography, reported that neither splint type had any
influence on the muscles.

Over a long period of time, the side effects of a partial
coverage splint should be considered, and side effects, if
present, need to be managed adequately. NTISs have been
proven to be efficient in the treatment of TMD muscle disor-
ders (68), as well as migraine and tension headaches (69).
However, being only partial coverage splints, NTISs have been
shown to cause side effects, including unwanted changes in
the occlusion (64). When compared to the Michigan splint, the
NTIS is more efficient in reducing jaw muscle activity during
sleep in patients with bruxism (70).

Of the publications investigated in the present study,
according to the quality assessment, eight studies were fair,
five were poor and two were good. The studies that were
included clearly advocate study of the relationship between
the oral splint and nociceptive pain and migraine to improve a
patients' quality of life.

There are certain limitations to the present scoping review.
The literature only contains a small number of papers on the
relevant topic. A few of the reviewed papers used a before and
after design and were therefore subject to several possible
biases, including the attribution of the effect to the interven-
tion, confounding bias and difficulty in sustaining causality. A

number of the clinical trials were not randomized and suffered
from a lack of controlling confounding bias. However, the main
limitation was the quality of the reviewed papers. Regarding
the controlled trials, there were problems in the reporting of the
randomization method and allocation concealment, followed
by a lack of blinding and an unequal percentage of subjects
lost during follow-up. There was also a high heterogeneity
between the splint types and methods of outcome assessment
that made it challenging to perform meta-analyses. Finally, the
studies were performed on a limited number of subjects.

The strength of the present review relies on the overview
of splint therapy for nociceptive pain and migraines since the
etiology and clinical manifestations are so broad. It brings
together different types of occlusal splints, which are aimed at
pain relief in patients with migraine-like headaches and TMDs.
Furthermore, the search strategy used in the present study was
complex and extensive, being performed in seven databases.

The present study demonstrated that the definition and
assessment of nociceptive pain and migraine was heterog-
enous in the identified articles. A number of the studies (60%)
reported a positive outcome for splint therapy. The most
frequently used oral splint was a SS, followed by NTIS. Due to
the complexity of nociceptive pain and migraines associated
with TMJ dysfunction, the diagnosis and treatment should
be comprehensive. Along with medication, physiotherapy,
counselling, cognitive adjustments and splint therapy can be
effective in the overall outcome of patients with migraine or
nociceptive pain. The present study demonstrated that occlusal
splints may assist in pain reduction and the early and feasible
treatment of TMD-related pain will improve a patient's quality
of life. A specialist in TMDs, along with a neurologist, a
psychiatrist, a psychologist, a physiotherapist and a dentist,
should be involved in the treatment of nociceptive pain and
migraines. Therefore, nociceptive pain and migraine should be
identified as early as possible and treated by a multidisciplinary
team, using a multifaceted approach, including oral splints,
to diminish pain and improve the well-being of new patients
as well as individuals with chronic conditions. To establish a
clear relationship between oral splint therapy and migraines
or nociceptive pain, more randomized controlled trials with
a proper methodology and a systematic review are warranted.
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Abstract: Background: As the human papillomavirus (HPV) infections are detected in healthy
oral mucosa as well as in oral lesions, dental practitioners have an important role in detecting
any possible lesions that might be caused by this virus. Therefore, the aim of this study was to
investigate the outcomes of orthodontic treatments and HPV infections and to report a rare case of
ongoing orthodontic treatment superposed on an HPV infection. Methods: An electronic English
literature research of the articles published between the years 2011-2021 was conducted between
December 2021-February 2022, accessing PubMed, Web of Science, Embase, Scopus, and Google
Scholar. The terms “HPV”, “orthodontics”, “orthodontic treatment”, “tooth movement”, “tooth
mobility”, and “malocclusion” were searched. The following inclusion criteria were pursued: articles
published in English language; studies reporting HPV infection in subjects with past or ongoing
orthodontic treatment; and case reports of subjects with HPV and orthodontic treatment. Exclusion
criteria were: articles in languages other than English, studies related to malignancies other than HPV
and orthodontic treatment; and studies reporting patients with HPV and no orthodontic treatment.
Results: Following the systematic review, which includes six papers, a case of orthodontic treatment
superposed on a HPV infection is presented. Conclusion: Incumbent, postponed HPV infection on
an ongoing orthodontic treatment might affect treatment outcome and patient compliance.

Keywords: papillomavirus infection; orthodontics; biomechanics; tooth mobility

1. Introduction

Human papillomavirus (HPV) infections have become more remarkable during the
last years, with oropharyngeal manifestations that have to be considered when planning
a complex dental treatment plan, especially when the infection occurs during the treat-
ment period. There are more than 200 different HPV genotypes with high or low risk of
malignancy [1,2]. Oral squamous papilloma is one of the oral cavity lesions that manifests
as a verrucous or papillary exophytic mass [3]. HPV types 6 and 11 are responsible for
benign lesions, and type 16 and 18 are responsible for dysplasia [4].

However, new perspectives have been developed for the prevention of these infec-
tions by the application of HPV testing technologies and vaccines [5]. There are many
different sub-types of HPVs, the majority being asymptomatic and resolving spontaneously
within two years [6]. The World Health Organization’s recommends the use of human
papillomavirus vaccines as a national immunization program [7]. HPV infection with
high-risk types 16 and 18 has been widely reported as a prominent mechanism behind the
development of squamous cell carcinoma (SCC) of the oropharynx [8]. HPV is responsible
for more than 5% of cancers worldwide, oropharyngeal squamous cell carcinomas and
cervical cancers being reported [9], with leading HPV genotypes being HPV 16, 52, 58,
53, 56, and 81 [10]. A subset of oropharyngeal squamous cell carcinoma is associated
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with human papillomavirus infection, particularly with high-risk type 16 (HPV-16) [11].
Treatment options vary from application of ointments to cryotherapy and surgical removal
using lasers, electro surgery, and curettage [12].

HPV infections are detected in healthy oral mucosa as well as in oral lesions [13],
and therefore, the dentist has an important role in the inspection and palpation of the
oral tissues. Oral healthcare should be thorough supervised during dental appointments.
Contrary to other viral infections, no treatment is provided for HPV oral lesions, with the
management of these including the patient’s follow-up and the periodic probation of the
immune system [14]. Surgical treatment of some lesions might be accompanied by the
application of low-level laser therapy (LLLT) protocols [15]. However, the surgical removal
of the lesion does not guarantee the eradication of the infection since the DNA of the virus
could persist in the healthy mucosa [16]. Therefore, the HPV vaccine should be considered,
as it is more reliable in preventing the disease than curing it. It has been shown that there is
no positive correlation between HPV and the severity of periodontal lesions [17]. When
considering dental follow up of patients with complete dentures, it is stated that it may help
in monitoring the appearance of possible malignant oral lesions [18]. HPV may be found in
the oral cavity of patients with dentures; therefore, HPV-associated diseases, such as oral
cancer and other oral lesions, may develop [19]. It has been shown that in subjects with
HPV-positive tumors, there has been higher mean alveolar bone loss [20]. Tooth mobility,
as a result of alveolar bone and periodontal ligament loss, was associated with an increased
risk of HPV-negative oral SCC [21].

Human papillomavirus is rare in children and patients with orthodontic treatment
need. Usually, orthodontic treatment is not initiated in cases with positive HPV infection,
but when the infection is discovered, by the presence of oral condyloma, warts, or papilloma,
orthodontic treatment has already been initiated. There are a few publications worldwide
focused on the of HPV infection in subjects with ongoing orthodontic treatment since
orthodontics is contraindicated in subjects with malignancies.

To the best of our knowledge, there has not yet been published a paper related to the
possible impact of the genital HPV-58 infection on the outcomes of orthodontic treatments.
Therefore, the aim of this study was to review the English literature related to human
papillomavirus infections in subjects with ongoing orthodontic treatment and to report a
rare case of HPV infection.

2. Materials and Methods

This systematic review was performed in accordance with the recommendations of the
“Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA)
statement” [22].

2.1. Information Sources

A structured search was conducted (between December 2021-February 2022) on
articles published between the years 2011-2021, accessing PubMed, Web of Science, Embase,
Scopus, and Google Scholar databases. In addition, a handsearching of the reference lists of
included studies or relevant reviews was performed.

2.2. Search Strategy

The terms “HPV”, “orthodontics”, “orthodontic treatment”, “tooth movement”, “tooth
mobility”, and “malocclusion” were searched in combination with the Boolean operators
“AND” and “OR” All references were imported and organized in the bibliographic software
Mendeley® (Mendeley Software, London, UK).

2.3. Selection of Articles

The following inclusion criteria were pursued: (1) articles published in English lan-
guage; (2) studies reporting HPV infection in subjects with past or ongoing orthodontic
treatment; and (3) case reports of subjects with HPV and orthodontic treatment. Exclusion
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criteria were: (1) articles in languages other than English; (2) studies related to malignancies
other than HPV and orthodontic treatment; and (3) studies reporting patients with HPV
and no orthodontic treatment (Table 1).

Table 1. Inclusion and exclusion criteria.

Criterion Inclusion Exclusion
Time period Publications available between All publications published
p January 2011 and December 2021 before January 2011
Language English Non-English

Publications reporting HPV
infection with past or ongoing
orthodontic treatment; case reports
Type of articles of subjects with HPV and
orthodontic treatment.
Publications for which full
text is available

Studies related to malignant
lesions other than HPV and
orthodontic treatments;
Research only focusing on
HVP oral lesions without
orthodontic treatments

2.4. Data Collection

All the eligible citations imported into the bibliography were checked, and all the
duplicates were removed. Two reviewers carried out the evaluations independently. For
the assessment of each publication, Excel (Microsoft Office 2019%®, MS, Redmond, WA,
USA) spreadsheets were compiled. This way, data were extracted using a standardized
form, which included the following information: (1) authors’ names and publication year;
(2) study design; (3) aim of the study; (4) methodology; (5) key findings; and (6) conclusions.
Afterwards, both authors compared their assessments and confirmed the data on the
basis of the compiled spreadsheets. Both researchers compared their assessments and
confirmed the data. When in doubt regarding the study data, the two researchers resolved
disagreements by discussion, or a third researcher solved discrepancies.

3. Results

From the articles published between the years 2011-2021, the terms “HPV and or-
thodontics” comprised 799 articles in Google Scholar, 192 articles in Scopus, 12 articles
in Embase, 10 articles in PubMed, and 1 article Web of Science; “HPV and orthodontic
treatment” comprised 235 articles in Google Scholar, 121 articles in Scopus, 2 articles in
Embase, 1 article Web of Science, and 1 article in PubMed; “HPV and tooth movement”
comprised 563 articles in Google Scholar, 80 articles in Scopus, 1 article in Embase, and
1 article Web of Science; “HPV and tooth mobility” comprised 309 articles in Google Scholar,
29 articles in Scopus, 3 articles in Embase, 3 articles in PubMed, and 3 articles in Web of
Science; and “HPV and malocclusion” comprised 97 articles in Google Scholar, 25 articles
in Scopus, and 3 articles in Embase (Table 2).

Table 2. English literature research of articles.

English Literature Research of HPV and HPV and HPV and Tooth HPV and HPV and
Articles Published between Orthodontics Orthodontic Movement Tooth Mobilit Malocclusion

2011-2021 Treatment y

PubMed 10 1 0 3 0

Web of Science 1 1 1 3 0

Embase 12 2 1 3 3

Scopus 192 121 80 29 25

Google Scholar 799 235 563 309 97

After excluding the duplicates, 89 records were included for screening. From the
initial literature review, 11 articles were identified, which met the inclusion criteria. The
remaining eight articles were checked for eligibility by the full-text review, and six full-text
articles were selected (Figure 1).
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Figure 1. PRISMA flow diagram for research stages; literature search showed the following articles
that reported a relationship between HPV and orthodontic treatment (Table 3).

Table 3. Selected articles who met the inclusion criteria.

Authors

Methods

Orthodontic Treatment

HPV Relationship

Results

omen with orthodontic
treatment in the past were

u

. concordance with the argumentation
that cervical dysplasia occurs more
frequently among

Schott S. et al., Case-control In the past more prone o prevention lower income and education levels; women
2019 [23] (childhood) prone to p without orthodontic
strategies for HPV P
) treatment was significant less aware of
in adulthood . .
prevention strategies such as the
HPV vaccination”.
In the past Tongue squamous cell
Case reports (3 cases) (recently) carcinoma, HPV uncertain

Santos-Silva A.R.

Case 1: 21-year-old woman

Final stage of orthodontic
treatment

SCC (squamous cell
carcinoma)-biopsy

“ ... full oral examinations, including

Completed orthodontic

the entire oral mucosa, as routine in
orthodontia could

etal., 2014 [24] Case 2: 34-year-old man treatment SCC-biopsy significantly contribute to the early
4 years earlier diagnosis of oral cancer”.
After an initial orthodontic
Case 3: 29-year-old woman evaluation, approximately SCC-biopsy
40 days before
“ ... the lesions presented exclusively in
Noonan V.L. et al., Case report, 17 year-old Orthodontic retainer Possible HPV etiology, patients in the second decade localized to

2017 [25]

male, Caucasian

nightly /

although uncertain

the anterior maxillary attached gingiva
sparing the marginal gingiva and stopping
abruptly at the mucogingival junction”.
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Table 3. Cont.

Authors Methods Orthodontic Treatment HPV Relationship Results

“Oral condyloma acuminatum was noted in
the patient in
Case report, 37 year-old male Yes, ongoing HPV infection the form of multiple lesions verrucous, and
staining with
variable sizes”.

Henn IW et al.,
2014 [26]

Localized juvenile spongiotic gingival
hyperplasia (LJSGH) was treated with
trichloroacetic acid (TA) after a
conventional surgical treatment. TA could
be a safe alternative and a non-invasive
technique to treat lesions associated
to LJSGH.

Possible HPV etiology,
although uncertain

Moine L., Gilligan

G., 2018 [27] Case report, 13 year-old male Yes, ongoing

This rare case of squamous cell carcinoma
was located in the gingiva and alveolar
ridge, a common location for this
demographic group; the post-operative
evolution was without events, and the
patient was considered disease free at
16 months after surgical resection.

Squamous cell carcinoma,
with positive staining
for p16 in a patchy pattern
suggestive of HPV

Magalhaes MLA.

etal,, 2016 [28] Case report, 8-year-old male Yes, ongoing

3.1. Case Series and Case Report Studies

Out of the six references included in this systematic review, five were case presenta-
tions. Santos-Silva et al. (2011) [24] published a paper that aimed to describe a series of
cases of nonsmoking and nondrinking young patients diagnosed with tongue squamous
cell carcinoma and who also recently received orthodontic treatment or evaluation. While
the HPV could not be excluded in the history of these patients, the authors emphasized the
importance of malignant lesions screening, as the incidence of such lesions in this segment
of population seems to be increasing.

Noonan et al. (2017) presented a series of seven cases of gingival papillary keratosis
with unknown etiology. The lesions were bilateral and symmetric, characterized by yellow-
white plaques. While the authors did not exclude a HPV infection, the authors suggested
that identification of additional patients diagnosed with such lesions may help in the
understanding of their etiology [25].

Henn et al. (2014) presented a case of condyloma acuminatum lesion on a HIV-positive
patient (undergoing an orthodontic treatment) and HPV induced. For this case, the treat-
ment plan included surgical removal and chemical cauterization using trichloroacetic acid
(TA). The authors emphasized the importance of correct diagnosis and planning for HPV-
induced lesions, as there is a high risk for recurrences [26]. The use of trichloroacetic
acid (TA) was investigated also by Moine and Gilligan. (2018) in a case report of a
13-year-old patient suffering from localized juvenile spongiotic hyperplasia (LJSGH) [27].
The authors concluded that TA could be a safe, non-invasive alternative for the treatment
of lesions, such as LJSGH.

Magalhaes et al. (2016) presented a case of oral squamous cell carcinoma on an 8-year-
old patient undergoing orthodontic treatment. Histopathological exam was p16-positive
in a patchy pattern, which is suggestive of HPV. The lesions were located in the gingiva
and alveolar ridge, a common location for this demographic group; the post-operative
evolution was without events, and the patient was considered disease free at 16 months
after surgical resection [28].

3.2. Case-Control Study

Schott et al. (2019) [23] conducted a research based on a questionnaire aiming to
investigate women’s personal history of orthodontic care, long-term satisfaction, as well as
adherence to dental and gynecological screening. The data gathered from 233 participants
suggested that women with orthodontic treatment in childhood were more concerned
regarding prevention strategies in adulthood, which meant that compliant behavior in this
context might be established in childhood.
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Further, we will present a case-report of an HPV infection interposed with an or-
thodontic treatment.

3.3. Case Report

A 25-year-old female, with a skeletal class II relationship and who had crowding on
both arches, seeking orthodontic treatment, presented to our clinic with the main complaint
of crowding in both arches (Figure 2, Table 4). The patient showed no signs or symptoms of
temporomandibular disorders, no periodontal disease, and no history of medical problems.
Periodontal examination showed a pink-colored gingiva with no signs of swelling, bleed-
ing, or tenderness. Clinical assessment of tooth mobility and instrumental mobilometry
revealed grade 0 physiological mobility with no signs of ankylosis, gingivitis, or periodon-
tal disease. Radiologic examination showed normal bone height and a thin periodontal
biotype (Figure 3). The treatment objective was to address the malocclusion, to improve
the crowding, and to level the occlusal plane. Treatment progress: no tooth extractions for
space gaining were performed. Occlusal plane was corrected by intrusion of upper molars
using skeletal anchorage. Arches were aligned using 0.22 slot metallic brackets. Because no
surgical aiding procedures for shortening treatment time were practiced, low forces were
applied using light orthodontic wires.

Figure 2. Lateral cephalogram.

Table 4. Cephalometric tracing.

Measurements Result Mean S.D. Meaning
SNA 80.03 81.08 37 Normal A-P position of the maxilla
SNB 75.40 79.17 3.8 Normal A-P position of the mandible
ANB 2.46 4.63 1.8 skeletal class II
FMA 26.32 29.63 3.0 Hypodivergent facial pattern
Gonial angle 123.44 124.31 54 Normal gonial angle
APDI 74.22 85.74 4.0 Skeletal class II
A to N-Perp (FH) —2.58 0.4 2.3 Retruded maxilla
B to N-Perp (FH) —12.06 —-3.5 2.0 Retruded mandible
Pog to N-Perp (FH) —9.14 -1.8 2.5 Retruded chin point
FH to AB 76.26 81 3.0 Skeletal class II
A-B to mandibular plane 77.41 69.3 2.5 Large angle
Wits appraisal 5.61 —2.74 0.3 Skeletal class I
Overjet 4.79 2 2.0 Large overjet
Overbite 2.46 2 2.0 Normal overbite
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Table 4. Cont.

Measurements Result Mean S.D. Meaning
Ul toFH 100.88 113.8 6.4 Retroclined upper incisor
Ul to SN 93.59 105.28 6.6 Retroclined upper incisor
Ul to UOP 70.28 55 4.0 Retroclined upper incisor
IMPA 80.50 91.62 3.2 Retroclined lower incisor
L1 to LOP 74.77 66 5.0 Retroclined lower incisor
Interincisal angle 152.29 128 53 Uprighted interincisal angle
Cant of occlusal plane 5.66 9.3 3.8 Normal occlusal plane angle
U1 to NA(mm) 0.10 4 3.0 Retruded upper incisor
Ul to NA(deg) 13.55 22 5.0 Retroclined upper incisor
L1 to NB(mm) 1.5 4 2.0 Retruded lower incisor
L1 to NB(deg) 9.52 25 5.0 Retroclined lower incisor
Upper incisal display 3.17 25 1.5 Normal incisal display
Upper lip to E-plane —3.42 0 2.0 Retruded upper lip
Lower lip to E-plane —2.22 0 2.0 Retruded lower lip
Nasolabial angle 114.84 95 5.0 Retruded lip
Extraction Index 159.69 153.8 7.8 Normal

-

!

Jt

.“v

Figure 3. Initial panoramic radiograph.

Orthodontic treatment was initiated before the onset of the SARS-CoV-2 pandemic.
At that time, the patient did not have the HPV or SARS-CoV-2 infection and followed
her regular orthodontic appointments at about 4-6 weeks. After the pandemic onset,
which comprised also a period of two months of closed dental offices in our country (mid-
March to mid-May 2020), treatment visits became rare, about 8-10 weeks, and the patient
missed a few appointments. Protocols for treating patients during the pandemic have been
continuously updated. Risk assessment of the pandemic situation has to be adhered [29],
and the new dental guidelines related to treating patients should be honored according
to the office’s location [30], emergencies being admissive and other dental procedures
being postponed.

During the above mentioned period, the patient failed to follow a few appointments,
which usually were scheduled monthly, due to the overlap of a genital HPV infection (May
2020). The patient achieved a genital HPV 58 infection, which was diagnosed by real-time
PCR multiplex technology, a test that allows simultaneous detection of 19 HPV high-risk
types (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69, 73, 82) and 9 low-risk HPV
types (6, 11, 40, 42, 43, 44, 54, 61, 70) as well as intern control. Intern control inspected PCR
reaction to each sample. Every reaction was monitored by using six positive intern controls
and two negative intern controls. Biopsy of the cervix revealed cervical intraepithelial
neoplasia grade 1. Immunohistochemistry using Benchmark Gx Ventana-Roche platform
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showed intense inflammatory cervicitis and pavement epithelium with nuclear atypia,
suggestive for a low-grade squamous intraepithelial lesion (LSIL).

No signs or symptoms of oral HPV were noted. During the infection and treatment
for HPV, the patient missed three appointments due to her medical condition; whilst
she had her surgery, the orthodontic treatment time was prolonged and tooth movement
difficult; in addition, the response of the periodontium to the orthodontic forces was
impracticable and incompliant. An increase of tooth mobility was observed clinically.
Unanticipated difficulties, such as debonded brackets, space appearance, broken wires,
lower incisor proclination, lost springs, and exposed end of wire, occurred. In spite of the
HPV onset, leveling and alignment of the arches were acceptable, and the occlusal plane
was successfully corrected. However, no significant periodontal pathology (severe alveolar
bone loss, gingival recession, loss of tooth vitality) occurred at the end of the treatment
(Figure 4).

Figure 4. Final panoramic radiograph.

4. Discussion

As previously stated, HPV infections became more frequent among young patients in
an oropharyngeal manifestation, which have to be considered when planning a complex
treatment plan, especially an orthodontic therapy. While this systematic review aimed to
identify any correlations between ongoing orthodontic treatments along with their out-
comes and HPV infection, the literature suggests a lack of such data so far. Out of the six
articles included, five were case reports or case series of different oral lesions superposed
with an HPV infection (confirmed or not). These studies do not concentrate whatsoever
on the effects of the orthodontic therapy but rather on the diagnostic, treatment, and
prognostic of the oral manifestations presented. In addition, an interesting approach was
identified in the paper published by Schott et al., which investigated, through a question-
naire form, 233 women'’s personal history of orthodontic care, long-term satisfaction, as
well as adherence to dental and gynecological screening [23]. Based on the findings, the
authors suggested that it might be strong association between the level of interest towards
orthodontic treatments in childhood and the level of prevention in adulthood along with
the level of education, making referrals to HPV infection as well.

Orthodontic tooth movement is consequent of an alternation of bone resorption and
bone formation, which takes place yearlong [31], and could reach a period of two or
more years [32,33], being stimulated by remodeling of the periodontal ligament and the
alveolar bone and these remodeling processes of the ligaments and alveolar bone being
accompanied by an inflammatory process [34].

Treating class 2 malocclusion is challenging relating to the dental and skeletal problems
as regards achieving stable results and sparing the periodontal tissues. This prolonged time
interval could influence the teeth mobility as well as the support tissues: the periodontal
ligament and alveolar bone. Associated pathology or general disease may also have a major
role on tooth movement and the response to orthodontic forces. Prolonging the appliance
activation period for better healing and optimal stability could improve prevention of
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alveolar bone loss or tooth ankylosis. Another aid in delivering a safe treatment strategy is
to shorten the treatment time. Procedures that could shorten the treatment time have been
described, such as distraction osteogenesis [35], corticotomies of the alveolar process [36],
osteoperforation [37-39], corticision [40], piezocision [41], vibrational forces [42], and low-
dose laser application [43]. The amount and rate of tooth movement are hinged to the
biological response of the applied forces and the amount of bone turnover [38].

The HPV infection of the patient was discovered due to the appearance of a character-
istic macroscopic wart in the genital area. Cervical cytology by Pap test revealed atypical
squamous cells of undetermined significance (ASC-US). After that, orthodontic treatment
became subsidiary.

Deferring orthodontic treatment until the cure of the HPV infection will prolong the
treatment period, with possible repercussions. Ankylosis, root resorption, and marginal
bone loss can be associated with prolonged orthodontic treatment time due to the superpo-
sition of the HPV infection. The increased treatment time may also lead to unsatisfactory
treatment outcome, as also reported by Umeh et al. [44]. Shortening treatment time would
aid in avoiding problems that might occur during orthodontic treatment, especially in case
of a general disease superposition, which might affect final outcome. Likewise, iatrogenic
disorders might occur during orthodontic treatment if forces are heavy or treatment time
prolonged: root resorption (inflammatory or of unknown etiology), alveolar bone loss,
increased tooth mobility, and periodontal pockets. Shortening treatment time would aid in
avoiding problems that might occur during orthodontic treatment, achieving the treatment
goal without affecting the treatment outcome.

Human papillomavirus was first described as “human warts virus” implicated in the
pathogenesis of laryngeal papillomatosis and genital warts, also being described as having
a potential carcinogenetic role [45]. In as far as having such an important role in developing
malignancies of the upper digestive tract, it is interesting to note a possible influence also
on ongoing treatments, especially those who induce a modification of the cellular response
to bone resorption and bone remodeling, as an orthodontic treatment does. It may play a
role in the pathogenesis of cell turnover. However, in the literature are a few reports linked
to orthodontics and HPV infection. A higher prevalence of HPV infection is reported in
the anogenital region compared to the oral cavity [46], with women presenting the highest
disease burden [47]. The management of the disease depends upon its evolution, which
can be spontaneous regression or high-grade dysplasia or invasive carcinoma [48].

Routine screening of patients needing orthodontic treatment is not performed although
screening for HPV infection is extremely important. We want to emphasize this aspect
and draw attention on this subject, as such rare cases can occur by chance. It is essential
to know about the etiology, prevention, and treatment of HPV related tooth mobility in
as much as HPV is a risk factor for increasing tooth mobility in patients with ongoing
orthodontic treatment. Screening for HPV is extremely important, as HPV genotyping
significantly improves detection rate of high-grade cervical intraepithelial lesions [49]. It is
shown that HPV status of tumors has a relationship with response to treatment and survival
rates [50]; therefore, the major role of the dentist in prevention and patient education must
be emphasized.

Unfortunately, there are no available guidelines regarding screening for HPV-related
malignancies in other anatomic sites [51]. In light of these findings, knowing the effects
of HPV infection on oral cavity, vaccines should be considered and their preventive role
discussed with the patient. A good alternative would be the administration of the vaccine
by dentists or orthodontists. Therefore, discussions about HPV vaccinations in the dental
practice are welcome [52].

Future recommendations: screening children and young adolescences for HPV is
an area of great interest, which necessitates future research since HPV may relate to the
treatment encroachment. Complete oral examinations as a routine in orthodontic treatment
may contribute to the early diagnosis of HPV-related symptoms.
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A limitation of this study may be the absence of any oral manifestations of the HPV
infection and the lack of communication between patient and practitioner due to the
embarrassment associated with HPV infection.

5. Conclusions

Based on the findings obtained through the systemic review, literature suggests that
HPV infections are increasing in young patients, and the oral manifestations might be
identified via intraoral examinations by dental practitioners of any specialization, includ-
ing orthodontics.

Incumbent, postponed ongoing orthodontic treatment because of HPV infection might
affect treatment outcome and patient compliance. Treatment time lengthens, and unwanted
impediments can come into existence. Orthodontists should treat patients while taking
into account superposed disease that might influence treatment outcome by prolonging
treatment time and influencing the responding support tissues.
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Abstract: This study aimed to review the literature related to the intrusion of maxillary posterior
teeth in subjects needing pre-prosthetic restoration or orthodontic treatment due to anterior open
bite, and to report a thin alveolar biotype case needing a pre-prosthetic intrusion of maxillary teeth
by introducing a novel, personalized method of intrusion measurement. An electronic search was
conducted between February 2022 and March 2022 in the following databases: PubMed, Scopus,

v

Embase, Web of Science, and Lilacs; the terms “tooth movement techniques”, “orthodontic anchorage

s

procedures”,

TS ”ou

tooth intrusion”, “intrusion”,

s

molar”, “premolar”, and “human” were surveyed.
Eighteen articles were included in this review; the mean amount of intrusion ranged from between
2.1 + 0.9 mm and 4.57 £ 0.98 mm (being mostly 2-3 mm). The intrusion force varied between 100
and 500 g; 10 articles reported miniscrews (MS), 7 reported zygomatic plates (ZP), and 1 publication
reported both anchorage types. The average treatment time was 6.9 months for MS and 7.9 months
for ZP. Levelling the occlusal plane by intrusion of the upper posterior teeth can be achieved by
skeletal anchorage. The stability of the obtained results, shortening treatment time, and controlling

treatment outcome are the main goals for a complex surgical and orthodontic treatment approach.

Keywords: maxillary posterior tooth intrusion; skeletal anchorage; orthodontics; thin alveolar bone

1. Introduction

Levelling the occlusal plane remains one of the major concerns in dentistry, especially
in adult patients, due to the complex and multidisciplinary approach, as well as the
skeletal component of the condition. Intrusion of the maxillary posterior teeth needs to
be performed for open bite correction [1], or for prosthetic reasons, in order to level the
occlusal plane due to overerupted molars attributable to post-extraction consequences. The
true molar intrusion was considered rendered when the reference point to quantify the
vertical movement of the molar in the dentoalveolar bone was the center of resistance of
the tooth [2].

Occlusal interferences and functional disturbances may result in difficulties during
prosthetic reconstruction [3]. Levelling the occlusal plane, including occlusal equilibration,
is needed in cases with overerupted upper posterior teeth. This can be accomplished by
root canal therapy with dental reshaping and prosthetic treatment [4], or by orthodontic
intrusion using skeletal anchorage [5,6], surgical assisted impaction using corticotomy [7],
or orthodontic surgery [8], ranging to much more extensive surgery, such as a LeFort
I osteotomy with maxillary rotation [9]. A more frequent surgical technique in such
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cases is represented by the lateral maxillary segmental osteotomy, followed by the apical
repositioning of the bone fragment [10]. This way, the intrusion effect is achieved instantly.
However, the disadvantages associated with this technique (extensive surgery with the
inherent postoperative discomfort, the need for a surgical splint) often convince the patient
to decide in favor of a less invasive technique.

Temporary anchorage devices (TADs) represent an orthodontic treatment option,
which is minimally invasive and aids in molar intrusion without needing the patient’s
compliance [11]. Miniscrews, or miniplates, usually placed in the zygomatic buttress, can
be used as TADs; molar intrusion obtained by skeletal anchorage is preferred compared
to jaw surgery in severe open bite cases [12]. From a surgical point of view, miniscrew
efficiency depends on bone density and soft tissue health [13]. The greatest amount of
alveolar bone is located in the maxilla between the second premolar and the first molar [14].
Placement for the insertion of the miniscrews is influenced by the malocclusion and the
quality and amount of appropriate bone, particularly in the interdental root space [15].

In adult patients, one of the most challenging malocclusions to correct with orthodontic
treatment is anterior open bite [16], as this requires a complex multidisciplinary approach
which draws on both surgical and orthodontic approaches. Treatment alternatives comprise
molar intrusion, incisor extrusion, and maxillary impaction. A surgical approach, such as
corticotomy, may aid in molar intrusion, limiting treatment time [17], although there are
complications related to this strategy.

In performing an intrusive movement, the relationship between the maxillary posterior
root apices to the inferior wall of the sinus should be considered, since the cortical bone layer
of the maxillary sinus wall could represent a barrier to the intrusion [18]. Cone-beam com-
puted tomography (CBCT) provides an accurate evaluation of the maxillary bone quality
and quantity around the root apices of posterior teeth [19]. There is a current lack of studies
evaluating true molar intrusion. A systematic review, due to its methodological rigor,
represents evidence-based medicine when referring to unbiased knowledge syntheses [20].

To the best of our knowledge, a review related to the pre-prosthetic and orthodontic
intrusion need of the maxillary posterior teeth has not yet been published. The aim of this
study was to review the literature related to the intrusion of maxillary posterior teeth in
subjects needing pre-prosthetic restoration or orthodontic treatment due to anterior open
bite, and to report a thin alveolar biotype case needing pre-prosthetic intrusion of maxillary
premolars and molars in order to develop a customized maxillary plane to propose a novel,
personalized method of measuring intrusion. The clinical significance arises from the belief
that the new palatal plane is simple to construct, assists in aligning the maxilla parallel to a
specified reference line, and can also be performed in segmental CBCT images.

2. Materials and Methods

This review was performed following the recommendations of the “Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA) Statement” [21].

2.1. Information Sources

A structured electronic search was conducted between February 2022 and March 2022
in the following databases: PubMed, Scopus, Embase, Web of Science, and Lilacs. Addi-
tionally, MeSH and Emtree terms were used, where applicable. Finally, a handsearching of
relevant studies was performed.

2.2. Search Strategy

The research strategy was constructed on the PICO framework (P—patient; [ —intervention;
C—Comparison; O—Outcome), as follows: P—patients with extrusion of upper posterior
teeth; I—intrusion; C—no intervention; O—the amount of intrusion [22].

”ou

The terms “tooth movement techniques”, “orthodontic anchorage procedures”, “tooth
s oo ra

intrusion”, “intrusion”, “molar”, “premolar”, and “human” were surveyed. The retrieved
publications were imported into and organized in the Rayyan online software [23]. This
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software permitted a structured organization of the publications. Additionally, an automa-
tized removal of the duplicates was possible, after carefully reading and deciding if the
highlighted publication was a real duplicate. Two researchers independently accomplished
the search and performed the selection, with the “blind on” mode turned on, for eliminating
selection bias. Any disagreements were resolved by discussion and consultation between
them and with a third author. For the assessment of each publication, Microsoft Excel
spreadsheets (Microsoft Office 365, MS, Redmond, WA, USA) [24] were assembled, using
Zotero 6.0.6 software (Corporation for Digital Scholarship, previously Center for History
and New Media at George Mason University) [25].

The following inclusion criteria were pursued: human subjects requiring maxillary
posterior tooth intrusion (molar or premolar), due to pre-prosthetic reasons to anterior open
bite malocclusion; intrusion performed by skeletal anchorage (miniscrews or zygomatic
plate); no previous orthodontic treatment; no orthognathic surgery; no tooth extractions; no
active periodontal disease; no associated pathologies; publications with available full text in
English language. The following exclusion criteria were considered: patients with systemic
diseases; metabolic bone disorders; surgical assisted maxillary posterior teeth intrusion;
photobiomodulation or other intrusion aiding techniques; intrusion followed by distalisa-
tion with the same anchorage device; mandibular molar intrusion; orthodontic treatments
which involved tooth extractions, distalisation, mesialisation or rapid palatal expansion;
orthognathic surgery; case reports; literature reviews, abstracts, and animal studies.

3. Results
3.1. Data Collection

A total of 1522 records were identified, consisting of 191 from PubMed, 483 from
Scopus, 140 from Embase, 363 from Web of Science, and 345 from Lilacs. After screening
the duplicates, 333 records were excluded by automation tools. The titles, keywords, and
abstracts of the remaining 1189 records were read, and 1091 records were excluded for not
being related to the topic, or for not respecting the inclusion and exclusion criteria, as well
as for being background articles, books, case reports, reviews, or animal studies. Ninety-
eight records were sought for retrieval. Ninety-six articles were identified for eligibility,
which met the inclusion criteria, and were checked for eligibility by full-text analysis. After
careful reading and assessing the publications, a final number of 18 articles were selected
and included in this review. The PRISMA diagram is shown in Figure 1.

3.2. Description of the Studies

Data were extracted using a standardized form, which included the following in-
formation: (1) authors” names and publication year; (2) country; (3) aim of intrusion,
(4) sample size, age range, and gender; (5) anchorage type; (6) intrusion measurement
method; (7) intrusion range; (8) intrusion force; (9) treatment time; (10) outcomes; (11) side
effects; and (12) conclusions.

Table 1 summarizes the basic characteristics of the publications evaluated in this
research. Due to the heterogeneousness and the multiplicity of outcome measures among
the included studies, meta-analysis was not achievable [26].
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Figure 1. The PRISMA flowchart of the publication selection.
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Table 1. Characteristics of the reviewed studies. Abbreviations are as defined as follows: JA—intrusion aim; IMM—intrusion measurement method; IR—Intrusion
range; IF—intrusion force; TT—treatment time; OVE—overerupted; AOB—anterior open bite; MS—miniscrew, ZP—zygomatic plate, LC—lateral cephalogram,
PAR—postero-anterior radiographs; PR—panoramic radiograph, CBCT—cone-beam computed tomography, NiTi—nickel-titanium; U6—upper first molar,
PP—palatal plane; OB—overbite; FH—Frankfurt horizontal plane; T—trifurcation; PM—premolar; EARR—external apical root resorption; SN—sella to nasion
plane, NA—not available.

Author, Sample Size, Anchorage Side
Publication = Country IA Age Range, T 8 IMM IR IF TT Outcomes Effect Conclusions
Year Gender ype ects
“posterior
U6 to PP dentoalveolar
19 patients, . - occlusal intrusion by
Akan B et al., Turk (5 boys, ZF, bllalt.eral, 4010 & Nl.rfl h plane zygomatic
2020 [27] urkey AOB 14 girls) acrylic LC 2.32 £ 2.13 mm close coi 9.4 £ 0.7 months OB NA anchorage was an
appliance springs
16.5 years PP pring anterior effective method for
facial height anterior open bite
treatment”
“no statistically
significant
difference in the
Intervention amount of posterior
group: Intervention intervention Soft tissue teeth intrusion
10 subiects 4 MS: rouD: group: 400 g U6 T or PM over- between 200 g and
AKlIHE et al., E ) ) 2 infrazygo- group: NiTi closed h growth 400 g of applied
2020 [28] 8yPpt AOB Contro matic and CBCT 2.26 & 1.87 mm coil springs 6 months center to FH loose of intrusive force”
roup: Control group: OB .. " . .
1 Ogsubjects 2 palatal 242 + 206 mm control two minis- “amount of intrusion
18 to 25 years ' ’ group: 200 g crews increased gradually

as the tooth was
located more
posteriorly, closer to
the line of traction”
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Publication = Country IA Age Range, 8 IMM IR IF TT Outcomes Conclusions
Type Effects
Year Gender
15 patients “all evaluated teeth
(13 females had statistically
Al-Falahi ancl1 i ;ntales), 300 g, ls)lgini)flcant EAFiIt{;
Betal,2018 FEgypt  AOB V70 MS, buccal CBCT 279+ 046mm  elastomeric 5.1+ 1.3months U6 to PP EARR L, becase o7 1t
22 years . small magnitude, it
[29] chain
(mean age should be
18.1 +2.03 considered as
years) clinically irrelevant”
“apical root
. resorption of
Studylgroup. maxillary first
molars after
(13 females, . .
intrusion was done
3 males) using zygomatic
19.25 years '8 2Y'8
Ari- (range osed . r{umlplate;s as
. NA, close skeletal anchorage
Demirkaya — p joy  aop 1426 years) VaY PR NA Ni-Ti coil NA U6 tooth EARR was not clinically
A et al., 2005 subjects . length S
springs significantly
[30] control . .
group: different from apical
16 subjects root resorption
19.43 years
(range

14-25 years)

associated with
fixed orthodontic
treatment without
intrusion
mechanics”
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Publication = Country IA Age Range, Type 8 IMM IR IF TT Outcomes Side Effects Conclusions
Year Gender
) Difference of
i’g EahZ?ctli U6 distal Miniscrew “absolute molar
Vez‘lgent buceal implants intrusion could be
Ding 18 hypodi- Hyperdivergent: 100 g, Hyperdivergent: cusp-FH . loose achieved by
. 4.57 mm + 0.98 . 3.13 months + 0.90 plane difference .
WH et al,, China  AOB vergent MS, buccal CBCT . . elastomeric . : miniscrew
2015 [31] females Hypodivergent: chains Hypodivergent: (DB-FH) + and change implant... more
g (aged 3.64 mm + 1.25 4.71 months + 1.50 mesial buccal of bone easil; in
B cusp-FH during . "
ég 9432 ie; ?5 plane intrusion hyperdivergent
’ ’ (MB-FH)/2
“there was a
Dull pain on significsjlnt
A reference the day after correlation
axis of surgery between. treatment
10 females 2 landmarks tongue du'ratlon and
. Parallel 100 g, . . ..o mesiobuccal root
Heravi (mean age MS, buccal eriapical occlusal arm 7.7 months (range: in adjacent rritation resorption. No
Fetal,2011 Iran AOB 43.6 years, ! + perap 2.1 £ 0.9 mm ) | 5% teetha per- root orphon.
and palatal radio- with a force 4.3 to 11.5 months) . . significant
[32] range 25 to pendicular resorption .
graphs gauge hook ; . correlation was
57 years) line from this (mean found between
axis to each 0.2 mm) atient ace and
root apex intrusion P 5
relapse the amount of root
resorption and
intrusion”
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“mandible exhibited
counterclockwise
rotation after
maxillary molar
intrusion; the center of
. mandibular
21(; f:lfrlllts autorotation was
Kim K et al. 18 women); MS, buccal 9.7 3.2 months blcl)cc)j\:ec(irkl)g;?oiavrvlih
2018 [33] ! Korea AOB mean age an d/ ala tal, LC 2.2+ 0.8 mm NA (range, U6 to PP NA individual variations”
: 23.9 years p 6.2-15.2 months) “th ¢ mol
(range 18.5— the aI.nount.o molar
36.4) intrusion
demonstrated
relationships with
vertical
and sagittal
cephalometric
parameters”
12 patients “volume
(4 male; Crown’s measurements using
LiWetal, China OVE 8 female) 18 MS, buccal, 150 g, elastic 6+1.59 .months; central fossa Root re- C].SCT could
2013 [34] Australia U6 to 32 years, and palatal CBCT 33+ 16mm chain range: 4 to to reference  sorption effectively eva111.ate
mean age: 9 months lane the root resorption
243 £1.26 P caused by mini-screw
years intrusion”
g fi ?:aelr; tss “intrusion of the
4 males) ! posterior teeth with
Marzouk mean age 31+ 074 mm 450 g, NiTi skeletal anchorage
ESetal, Egypt AOB 18 zr LC o 2 4 closed coil 9 £ 2.5 months U6 to PP NA induced
2015 [35] years, (range: mm) spring counterclockwise
8 months + :
2 years rotat1on. of the
” month,s mandible”
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Author, Sample Size, Anchorage Side
Publication  Country IA Age Range, & IMM IR IF TT Outcomes Conclusions
Type Effects
Year Gender
Anteroposterior
position of
9 patients LC t;im:fg “skeletal anchorage
de Oliveira (6 females, obliaue ra- 450-500 g, roofa ox Possible provided intrusion
TFM et al,, Brazil AOB 3 males; mean zp 21 2.03 &£ 0.87 mm elastomeric 6 months P root re- of molars without
diographs . The vertical . .
2015 [36] age 18.7 £ 5.1 - chains .. sorption  changing the palatal
ears) at 45 position of plane angle”
Y the molar
cusp and
root apex
19 patients
(4 males,
15 females) MS Group 1: “protocols of
Group 1: mean group 1: .
0.81 years & 0.5 maxillary molar
age 34.25 years 2 MS: . . . .
.. Group 1: (range intrusion with two
Paccini OVE +8.22 1 buccal, 1.79 + 1.28 mm 150g, 0.41-1.64 years) U6 to PP or three
JVetal,2016  Brazil (range: 1 palatal LC ’ ) elastomeric ’ NGRS U6 to SN NA s
U6 Group 2: . Group 2: mini-implants
[37] 22.66-46.99) group 1: chain OB
2.12 £ 1.25 mm 1.17 years + 0.48 presented the same
Group 2: mean 3MS: 2 -
(range efficiency of skeletal
age 3947 years buccal 1 0.75-2.14 years) anchorage”
+8.12 palatal ' Y &
(range:
21.07-47.44)
. “orthodontic
9 patients intrusion usin,
Pinzan- (7 females, 9.03 & 4.04 . &
Vercelino 2 males) mean MS, buccal Mean 2.4 mm months (range: direct anchorage of
Brazil PP / / LC (range: NA 8¢ U6 to PP NA mini-implants was
CRM et al., age 37.17 years and palatal 3.16-16.23 !
1.2-4.5 mm) an effective method
2015 [38] (range: months) for the intrusion of
28.5-46.41 or oo
maxillary molars
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“intrusion of the
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Anterior face relapse satisfactory
. 16 patients NA, NiTi coil . no failures of .
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NR et al., USA AOB (11 male and - LC 2.3 mm Pring mandibular p moderately severe
14 patients occlusal anchorage . .
2014 [39] 19 female) . plane angle anterior open bites,
zP splint 1 loose MS
OB but 0.5 to 1.5 mm of
1 MS fell out .
reeruption of these
teeth is likely to
occur”
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discomfort
after surgery
. Mandibular No signs or " skeletal anterior
7 patients i
plane symptoms of a open bites due to
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Seres L, and 3 men), periapi- - . .
. NiTi closed Point B mandibular dentoalveolar
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detected
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“true intrusion of
molars can be
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o . . o PR anterior No dtljcern- can!:l)e closed by
erwoo atients - . able intruding posterior
K.H. etal, USA AOB Ewn and 7P LC, PR Mean: 1.99 mm Cpated 5.5 months facial helght movement teeth, regst};lting in
2002 [41] 2 women) Range: 1.45-3.32  elastic thread mandibular of any reduced anterior
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oIC)clusal miniplate vertical face height,
plane decreased mandibular
plane angle, and
counterclockwise
rotation of the
mandible”
40 patients:
20 treatment
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6 male) mean of the bites could easily be
Turkahraman age: Treatment group: o Treatment group: molars by t'reated with TADS.
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the molars intrusion treatment
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3.3. Study Characteristics

Eighteen publications were evaluated in this review. In terms of publishing country,
three of them were from Brazil, Egypt, and Turkey, respectively; two were from China
and the USA, respectively, while there was one from China and Australia, Hungary, Iran,
Korea, and Taiwan, respectively. Thirteen studies aimed at intruding upper first molars
due to anterior open bite, whilst in the other studies the objective was the correction of the
overeruption of the first molar, and just one study clearly stated the pre-prosthetic reason
for intrusion. The vast majority of research that targeted correcting intrusion for open
bite included participants aged between 18 and 30 years, whereas in the studies which
aimed at intruding molars for overeruption, ages ranged between 20 and 46 years. The
mean age, among the studies that reported it (15 studies) was 26.475 years. Regardless of
the intrusion goal, there was a gender difference, with females being more prevalent. Ten
studies used miniscrews (MS) as the anchorage type, seven used a zygomatic plate (ZP), and
one publication used a combination of MS and ZP. In some of the publications, the reported
method of intrusion technique was nickel-titanium (NiTi) coil springs [27,28,30,35,39,40].
Other authors reported the use of elastomeric chain [3,31,34,36,37,43].

The mean amount of intrusion was similar across studies, with a range of between
2.1 £ 0.9 mm and 4.57 £ 0.98 mm, being mostly situated between 2-3 mm. The intrusion
force varied between 100 and 500 g and, although most of the studies (n = 8) reported
a force between 100 to 200 g, one study reported 300 g [29], and four studies reported
an intrusion force between 400 to 500 g [27,28,35,36]. In five of the studies, we could not
identify the amount of force used.

The intrusion amount was measured in lateral cephalograms (LC) in eight studies,
lateral cephalograms (LC) and panoramic radiographs (PR) in two studies, lateral cephalo-
grams (LC), panoramic radiographs (PR) and periapical radiographs in one study, CBCT
scans in four studies, only panoramic radiographs (PR) in one study, parallel periapical
radiographs in one study, and dental cast models also in one study. Eight of the eighteen
papers measured the distance between U6 to PP, while the others used mixed methods or
custom measurement techniques.

The treatment time was reported in 16 studies, ranging from 3 to 12 months, with a
mean value of 7.56 months.

Thirteen studies reported side effects, while the other five mentioned no issues during
or associated with the intrusion. One paper reported soft tissue overgrowth, seven articles
described external apical root resorption (EARR) of various degrees, and three studies
reported mini-screw loosening. Relapse appeared to be an issue in one study, different
degrees of post-surgical discomfort and tongue irritation was mentioned in two studies
while three studies reported coronal tilting and other unwanted movements, accompanying
the intrusion process.

All the articles state the fact that TADs are an efficient treatment option for obtaining
a correction of either anterior open bite or levelling of the occlusal plane, with minor
side effects if any, and, more importantly, reducing the need for much more invasive and
complex interventions, such as orthognathic surgery.

3.4. Risk of Bias in Studies

The risk of bias was assessed according to the Newcastle-Ottawa Quality Assessment
Scale for case-control studies to evaluate the methodological quality of the selected publi-
cations [44] (Table 2). According to this scale, each numbered item in the “selection” and
“exposure” categories could yield a maximum of one star, whereas “comparability” could
receive a maximum of two stars.
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Table 2. The Newcastle-Ottawa Quality Assessment Scale for case-control studies. *-fulfilled criteria.

Ari-

Akan Akl Fa?;\i Demir- Ding Heravi Kim W ::tl al Marzouk
Author, Year of Publication Betal,, HE et al., B et al kaya WHetal., Fetal, Ketal, 2013 ” ESetal,
2020 [27] 2020 [28] ¢ Aetal., 2015 [31] 2011 [32] 2018 [33] 2015 [35]
2018 [29] [34]
2005 [30]
1. Is the case definition " " " " " " " "
adequate?
2. Representativeness of the " " " " " ® * *
cases
3. Selection of controls * * *
4. Definition of controls * *
1. Comparability of cases and
controls on the basis of the * * *
design or analysis
1. Ascertainment of exposure * * * * * * * * *
2. Same method of
ascertainment for cases and * *
controls
3. Non-response rate
de Pinzan- Turkahra- Xun
Oliveira Paccini Vercelino Scheffler Seres L, Sherwood man H., CLetal Yao
Author, Year of Publication TEM etal JV etal., CRM etal NRetal, KocsisA, KH.etal, Sarioglu 2013 7 CC,etal.,
2015 [36] 2016 [37] 2015 [38] 2014 [39] 2009 [40] 2002 [41] ME4220]16 [43] 2005 [3]
Selection
1. Is the case definition . " " " " . ® * *
adequate?
2. Representativeness of the " " " " " " " " "
cases
3. Selection of controls *
4. Definition of controls *
Comparability
1. Comparability of cases and
controls on the basis of the *
design or analysis
Exposure
* * * * * * * * *

1. Ascertainment of exposure

2. Same method of
ascertainment for cases and
controls

3. Non-response rate

3.5. Case Report

A 28-year-old woman, seeking replacement of missing lower first molars, with second
mandibular premolars shifted distally and rotated to the edentulous space, came to our
practice. Prosthetic treatment of the edentulous spaces was limited by overeruption of
upper first molars and premolars, as well as by the rotated teeth. The occlusal plane
was irregular, with extrusion of the upper first molars and premolars into the edentulous
spaces and a lower midline shift of 2 mm towards the right side (Figure 2). She had a
hypodivergent skeletal pattern, a class II skeletal pattern with a small anterior facial height,
skeletal deep bite tendency, and increased overbite and overjet (Table 3).
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(b)

(d)

Figure 2. Cont.
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(f) (8)

Figure 2. Initial situation (a) Right lateral occlusal view; (b) Left lateral occlusal view; Initial situation
(c) Frontal occlusal view; Initial situation (d) Upper arch; (e) Lower arch; Initial situation, extraoral
photos (f) Frontal view; (g) Lateral view.

Table 3. Lateral cephalometric measurements.

Parameter Value Mean £ SD
SNA angle 84.94° 82 £ 2°
ANB angle 4.23° 2+2°
SNB angle 80.71° 80 +2°
FMA angle 21.53° 25 +2°
Occlusal plane to Gonion-menton 13.83° 19.09 +4.7°
Occlusal plane to Sella-nasion 16.33° 14 £ 4°
Lower facial height 65.64 mm 66.7 £ 4.1 mm
Anterior facial height 114.80 mm 128.68 & 6 mm
Upper molar to pterygoid vertical plane 21.39 mm 21.10 £ 3 mm
Interincisal angle 145.21° 128.0 £ 5°
Overbite 3.73 mm 2 £ 2mm
Overjet 3.3 mm 2 +2mm
Gonion—Gnation to Sella—nasion 28.91° 32 +4°
U1 to Nasion—point A line 10.27° 22.0 £5°
Ul to Sella—nasion 95.21° 105.28 + 6°

SNA-sagittal position of the maxilla; SNB-sagittal position of the mandible; FMA-facial pattern; Ul-upper incisor;
S = sella point; N = nasion point; SD-standard deviation.

The initial radiographs are shown in Figure 3. No signs of periodontal disease or other
associated pathologies were encountered on panoramic radiography.
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(b)

Figure 3. Radiographic examination before treatment: (a) Initial lateral cephalogram; (b) Initial
panoramic radiograph.

The main treatment objectives included obtaining a functional occlusion, intruding
the maxillary first molars and premolars, levelling the occlusal plane, creating space for
prosthetic replacement of the lower molars, achieving functional arch relationships, and
enhancing masticatory efficiency. The treatment plan involved orthodontic intrusion of the
overerupted upper teeth, followed by fixed appliance therapy. On the right hemiarch, one
miniscrew on the buccal side and two on the palatal side were placed, whereas on the left
hemiarch, a zygomatic plate was placed on the buccal area, along with two miniscrews on
the palatal area.

In the first quadrant, four mini screw implants, temporary anchorage devices (TAD)
were inserted, as follows:

12 mm (J 1.6 mm) Jeil Dual Top JA Screw—Palatal, between tooth 1.3 and 1.4
12 mm (J 1.6 mm) Jeil Dual Top JA Screw-Buccal, between tooth 1.4 and 1.5
12 mm (J 1.6 mm) Jeil Dual Top JA Screw-Buccal, between tooth 1.6 and 1.7
12 mm (& 1.6 mm) Jeil Dual Top JA Screw—-Palatal, distal of tooth 1.7

All the TADs were inserted under local anesthesia (Ubistesin Forte, articaine hy-
drochloride 4% with adrenaline (epinephrine) 1:200,000, 2 x 1.7 mL). The preoperative
planning aimed for bicortical anchorage (confirmed by postoperative CBCT scan, Figure 4).

(a) (b)

Figure 4. Preoperative surgical planning: (a) Buccal miniscrews; (b) Palatal miniscrews.
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The TADs were inserted using the NSK Surgical Pro Fiziodispenser and NSK Ti-Max
Contra Angle Handpiece (20:1 Reduction), using a rotation speed of 30 rpm and a 30 N/cm
insertion torque. No prior preparation of the insertion site was required.

In the second quadrant, two mini screw implants were inserted in the palatal region
(12 mm (I 1.6 mm) Jeil Dual Top JA Screw), the first one between tooth 2.3 and 2.4 and
the second distal to tooth 2.7, using the same protocol as for the first quadrant. The only
difference consisted of the use of a surgical guide for the two screws in the second quadrant
(Figure 5). A printed 3D model was obtained using the patient’s preoperative scan with a
Formlabs Form 3 printer.

(a) (b)

Figure 5. Surgical guide for the two screws in the second quadrant: (a) 3D printed cast; (b) Surgical
guide applied in the oral cavity.

In addition, due to reduced bone volume compared to the first quadrant and reduced
interproximal space, an orthodontic anchor plate was chosen for the buccal area, which
was customized on the 3D model.

For this region, the same type of local nerve block was used. An incision was placed at
the mucogingival junction starting from tooth 2.7 to tooth 2.3, followed by the elevation of
the mucoperiosteal flap, with the exposure of the zygomaticomaxillary buttress (Figure 6).
The plate was sterilized after personalization and before surgery. This preoperative step
dramatically reduces surgery time and provides perfectly predictable results. The plate
was anchored to the zygomaticomaxillary buttress using three 2.0 self-tapping screws.
Nonresorbable 4/0 Supramid simple interrupted sutures were used, and these were then
removed seven days after surgery.

(b)

Figure 6. Zygomatic anchorage on the left maxillary buccal area: (a) with the exposure of the

zygomaticomaxillary buttress; (b) Nonresorbable 4/0 Supramid simple interrupted suture.
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To calculate the amount of performed molar intrusion, the difference of the linear
distance from the mesiobuccal cusp of the maxillary first molar to a custom palatal plane
(CPP) was measured on CBCT images before and after intrusion mechanics. The CPP was
defined by the following three points: ANS, and the lowest points of the pterygoid hamulus
on the left and right sides. The measurements were performed by one maxillofacial surgeon
and one orthodontist, twice, and mean values were considered (Table 4).

Table 4. The CBCT measurements before and after intrusion at the level of upper first molar and
upper first premolar.

TO0-Before Intrusion  T1-After Intrusion Intrusion Amount
CBCT Parameter
(mm) (mm) (T1-T0; mm)
Mesiobuccal cusp of the left upper first molar 22.26 20.73 1.53
Palatal root apex of the left upper first molar 4.20 1.62 2.58
Upper left first molar furcation 11.35 8.74 2.61
Buccal cusp of the left upper first premolar 24.8 22.16 2.64
Palatal root apex of the left upper first premolar 5.67 4.53 1.14
Mesiobuccal cusp of the right upper first molar 23.76 20.31 3.45
Palatal root apex of the right upper first molar 4.18 2.37 1.81
Upper right first molar furcation 12.79 9.74 3.05
Buccal cusp of the right upper first premolar 24.72 20.45 427
Palatal root apex of the right upper first premolar 6.04 3.42 2.62

The measurement method is shown in Figure 7.

Figure 7. Intrusion amount, at the level of the mesiobuccal cusp of the right upper first molar (the
distance between the cusp tip and CPP): (a) before intrusion: 23.76 mm; (b) after intrusion: 20.31 mm.

The left zygomatic plate and miniscrews were placed initially, and intrusion mechanics
began with the aid of an elastic chain on this side after two weeks of soft tissue healing.
Subsequently, at approximately 1.5 months after the left maxillary arch, the right hemiarch
was implanted and miniscrews were inserted. No associated symptoms were described
by the patient, and no signs of tissue irritation were found. No loose miniscrews or other
accidents occurred.

Elastomeric chains were changed every four weeks. Approximately 3.59 mm of
intrusion was achieved on the right buccal side and 2.21 mm on the right palatal side in
six months, 2.26 mm on the left buccal side, and 1.86 mm on the left palatal side in nine
months. After intrusion, ligature stainless steel wires were used to keep the intruded teeth
in place. Subsequently, upper and lower teeth were included in a full arch appliance, with
a 0.022 MBT prescription.
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The main aim of the treatment objectives, namely the intrusion of the upper posterior
teeth, has been achieved. The orthodontic treatment is ongoing in order to solve additional ob-
jectives, such as midline correction and space distribution for prosthetic treatment (Figure 8).

(b)

(d)

() (8

Figure 8. Post-intrusion intraoral photographs (a,b) Left lateral occlusal view; (c) Frontal occlusal
view; (d) Upper arch; (e) Lower arch; Post-intrusion intraoral extraoral photos (f) Frontal view;
(g) Lateral view.
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4. Discussion

We initially searched for intrusion aims, such as pre-prosthetic molar or premolar
intrusion, as well as an orthodontic intrusion for open bite correction. We only found a few
papers linked to the pre-prosthetic intrusion goal, most of which were case reports, hence,
they were not included in this review. Nonetheless, a few articles on the subject were found.
There are a few reviews related to intrusion for open bite correction, but none of them
focused on both orthodontic and pre-prosthetic aspects. Furthermore, non-orthodontic
cases of overerupted molars are rare, and the number of included subjects is small.

Sherwood et al., reported just four cases, treated for anterior open bite [41]. The
largest number of cases, 36, was reported by Ding et al., also for anterior open bite treat-
ment [31]. The publications aiming at intruding overerupted upper molars for prosthetic
reasons included 9 subjects [38], 12 subjects [34], 19 subjects [37], 22 subjects [3], and
30 subjects, respectively [43].

Adults with overerupted molars because of antagonist loss are still a common clinical
finding. Occlusal plane rehabilitation should use a multidisciplinary approach. Molar
intrusion is required to provide adequate space for prosthetic rehabilitation. If possible, the
implant location should be chosen based on the availability of sufficient cortical bone [45].
Due to the maxillary sinus and the thin alveolar biotype, we encountered risks in the
intrusion mechanism and miniscrew placement, prolonging the intrusion time.

The recommended loading force of the anchorage devices has been suggested to vary
between 50-500 g, reported as 50 g [46,47], 100-200 g [48,49], or 300-500 g of force [50]. If
intrusion of more than one single tooth is needed at the same time, the force should be
higher, around 400 g [51]. The recommended amount of intrusion of the overerupted max-
illary molars is approximately 0.5-1.0 mm per month, without the occurrence of unwanted
secondary effects, such as root resorption, periodontal effects, or vitality loss [11]. In the
reviewed publications, intrusion force varied between 100 and 500 g. The use of skeletal
anchorage can aid in an increased amount of molar intrusion, allowing for accelerated
orthodontic forces [52]. Nonetheless, we encourage close monitoring to minimize the risk of
undesired side effects. In most studies, the amount of intrusion was obtained by measuring
the distance between a reference point on the first molar and the palatal plane on lateral
cephalograms. Most of the available studies using 3D imaging measure distance from
various tooth landmarks to the palatal plane, defined as passing through anterior nasal
spine (ANS), posterior nasal spine (PNS), and perpendicular to the mid-sagittal plane [29].
Baek et al., using 2D imaging, defined the plane as crossing through the ANS and PNS [53].
Although this study met most of our inclusion criteria, it was excluded due to the fact that
the study protocol included extractions. Although 2D measurements are easier to perform
and more reproducible, very few parameters can be evaluated, leaving 3D imaging as
the most precise and relevant alternative. Due to the uncertainty of the definition of the
mid-sagittal plane, selecting this landmark might be a source of bias since various factors
can influence measurements from pre-treatment and post-treatment CBCT scans. This is
the reason why, for the present case report, we decided to define a custom plane, that can
always be reproduced with maximum accuracy. This plane is defined by ANS and the
lowest points of the pterygoid hamulus on the left and right sides.

Out of the 18 reviewed articles, 10 reported MS, 7 reported ZP, and 1 used both
anchorage types. The average treatment time was 7.1 months for those using MS, and
7.9 months for the ones that had ZP, which follows the results presented in our case. This
might lead to the conclusion that the intrusion using MS could be quicker. One must
keep in mind, though, that ZPs are frequently used for the more severe cases, where the
requirement for intrusion is increased, leading to the fact that efficiency cannot be evaluated
solely based on the type of TAD. Additionally, it might be assumed that ZPs are used when
broader movements are needed. However, within the findings of the present review, the
average intrusion was similar between the two groups (2.6 mm for the ZPs and 2.7 mm for
the MSs). The mean amount of intrusion reported in the selected articles was quite similar,
being mostly between 2-3 mm.
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Everdi N et al., when intruding upper first molars with the aid of zygomatic plates
and NiTi coil springs, reported an average intrusion of 2.6 mm, but the authors included
patients with extractions. However, they found buccal tipping of the maxillary molars, as
well as inflammation at the TAD site [54]. Various strategies for assessing molar intrusion
have been described, depending on the methodology of assessment. It has been postulated
by Burstone that true molar intrusion can only be verified when the molar’s center of
resistance is utilized as a point of comparison to measure the molar’s vertical displacement
into the alveolar bone [55]. In that regard, using other reference points, such as cusp tips
or root apex, would make it difficult to distinguish intrusion from tipping [55]. It has
been shown that the treatment of anterior open bite by molar intrusion, accomplished by
reducing the distance between the mesial buccal cusp of the first molar and the palatal
plane, can be achieved [56].

The intrusion time ranged from 3 [31] to 12 months [42], with the majority of publica-
tions (n = 8) reporting an average of 5 to 6 months, 2 studies of 7 months, and 5 publications
of 9 months. However, due to the heterogeneity of the included studies, a relationship
between anchorage type and time could not be revealed. The recommended intrusion rate
for a single molar is 0.75 mm per month, whilst for the intrusion of grouped teeth (first
molar and second premolar) it is 0.5 mm per month [54].

Molar intrusion has grown more successful and efficient because of skeletal anchoring,
yet it is still considered a challenging orthodontic technique [6]. It is an effective method of
intruding molars to address an open bite [52].

The relationship between arch bracketing and the intrusion mechanism has been
intensely studied. It has been shown that when the arch is not braced, true posterior
segment intrusion ensues [41]. However, the inferior wall of the maxillary sinus must
be considered when intruding upper molars. The movement of posterior teeth across
the maxillary sinus has been linked to moderate apical root resorption and increased
tipping [57,58]. In our case, no movement of the zygomatic buttress miniplate or the buccal
or palatal microscrews occurred neither during their use nor before clinical removal. The
CBCT showed no discernible signs of root resorption.

There are also some important risks and complications of TAD placement, as follows:
root trauma, anchorage failure, sinus perforation, nerve injury, soft tissue irritation, re-
lapse [11], contact of the TAD with the adjacent roots, miniscrew loosening or fracture,
damage to anatomic tissues, soft tissue overgrowth [15]. Among the possible side effects,
most studies reported external apical root resorption. Additionally, loose miniscrews, soft
tissue irritations, relapse, mesial movement of molars, and tipping have been described.
Although MSs were used more commonly, the complications were fewer in the ZP cases.
Only one article showed certain EARR. On the other hand, several cases presented EARR
in the MS group, along with soft tissue overgrowth and irritation and, most important of
all, frequent MS loosening. Another advantage of the ZP TAD system is represented by the
traction forces that it can withstand (an average of 327 g, compared to the average of 187 g
for the MS group).

True molar intrusion as described by de Oliveira et al., with no modifications of the
anteroposterior orientation of molars, mesial tipping of posterior teeth, or no changes in
the palatal plane angle [36], has been encountered as well in the reported case. The more
common usage of MS shows the clinicians’ bias towards this type of TAD, due to their
ease of application, low risks, and elevated success rate. Additionally, ZP were used more
commonly when a translation of molars was needed to correct the malocclusion [39].

Since the approach of posterior teeth intrusion may offer predictable results without
relying largely on patient compliance, orthodontic correction of the occlusal plane using
a skeletal anchorage should be regarded as state-of-the-art. Nevertheless, due to a high
degree of relapse, the intrusion must be maintained by retention procedures. Gonzales et al.,
have shown that, due to a high degree of recurrence, the stability of open bite treatment
with molar intrusion employing skeletal anchoring in adult patients might be regarded as
relatively unstable [59].
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A dual assessment of the risk of bias was conducted by two authors (O.A. and A.M) to
identify potential sources of bias, which is critical for future research quality. Although there
was a moderate risk of bias in the selected studies, mainly due to the lack of controls, the
flaws were not severe enough to invalidate the findings. The absence of untreated control
groups, a short follow-up time, a small sample size, and the lack of intrusion force mea-
surement in some articles were all found to be shortcomings in the reviewed publications.
There is still little valid scientific research available to assess actual molar intrusion [2].

Among the limitations of this study might be the reduced number of cases included
in the selected articles, the lack of controls, and the variability of used skeletal anchorage,
intrusion force, and intrusion mechanism. Additionally, some authors did not report the
intrusion amount, intrusion force, intrusion mechanism, or side effects. A major concern is
the lack of an untreated control group, although some authors compared the intervention
group to another treated group, but with different force amounts. Due to the heterogeneity
of the publications, a meta-analysis could not be performed.

A strong point of the present study, besides the thorough literature analysis regarding
TADs, is the definition of a custom plane that can be used for exact measurements, to
evaluate tooth intrusion. The classical PP can be affected by several patient- and device-
specific factors, rendering the pre- and post-operative measurements ineffective. Measuring
the distance from certain tooth landmarks to the CPP will always yield useful and relevant
findings, since this plane is defined by anatomical landmarks that can not suffer changes
throughout tooth ingression.

Our future recommendations are as follows: a fundamental goal is to define a cus-
tomized reference plane to ensure optimal reproducibility of pre-and post-surgical mea-
surements. The CBCT scans must be performed under the same conditions, on the same
equipment, and, if feasible, by the same operator to improve data consistency and reliability.
Optimal anchorage and force management must be aimed, thus, reducing tooth movement
(intrusion) time and limiting side effects.

5. Conclusions

According to the findings of this study, there is evidence that levelling the occlusal
plane by the intrusion of the upper posterior teeth can be achieved by skeletal anchorage.

In the presented case it was possible to obtain a well-controlled intrusion of the
maxillary molars and premolars without unwanted side effects. Stability of the obtained
results, shortened treatment time, and controlling treatment outcome are the main goals for
a complex treatment approach, which draws on both surgical and orthodontic practices.

The manuscript’s strengths rely on a thorough analysis of the existing literature and
the definition of a CPP (a custom palatal plane defined by ANS and the lowest points of
the pterygoid hamulus on the left and right side), which aims to reduce the inaccuracy of
true tooth intrusion evaluation.

To achieve the highest possible long-term outcomes, dental practitioners should be
up to date on the latest technologies to be used as alternatives for specialized treatment
planning and patient monitoring.
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ARTICLE INFO ABSTRACT

Background: Children are more sensitive to ionizing radiation effects due to their high radiosensitivity.
Purpose: To estimate doses and risks for dental radiological examinations in children.

Material and methods: A pediatric population consisting of 7150 children and young adults which underwent
12252 dental radiological examinations (4220 intraoral, 1324 cephalometric, 5284 panoramic radiographs and
1424 CBCTs) within two years were included. Two groups were studied: CBCT group (exposed to
CBCT = conventional radiographs) and 2D group (exposed only to 2D radiological examinations). The effective
doses were corrected according to age at exposure and settings parameters (mA;FOV) by using logarithmic fit
equations for dose interpolation. The individual cumulative dose, per-caput collective dose and radiation risk
were calculated for each group.

Results: The median effective and cumulative doses for conventional radiographs were lower than 20 pSv and
did not vary with age. Children exposed to CBCT had a higher median effective dose (127.2 uSv) and cumulative
dose (156.5 uSv) with a significant increased cumulative dose between 11 and 14 years. The CBCT contributed
with 70% to the collective dose and per caput collective dose was 184 uSv for CBCT exposures. The Life
Attributable Risk (LAR) and Relative Radiation Level (RRL) were significantly higher for children exposed to
CBCT under the age of 18. The highest radiation dose for CBCT was equivalent with 34.1 days of natural
background radiation and it was found for ages between 11 and 15.

Conclusion: The CBCT doses and radiation risk vary but remain in the lower levels of the relative risk of medical
exposures.

Keywords:
Radiation dose
Radiation risk
Pediatric radiology
CBCT
Radiosensitivity

1. Introduction be recommended to clinical situations in which the information pro-

vided may change the diagnosis or improve the treatment plan [3].

Although dental radiological examinations deliver a low dose of
radiation, they represent one third of all radiological examinations in
Europe [1]. The use of CBCT in children population has recently in-
creased and a particular attention regarding radiation protection is
needed [2].

The SedentexCT guidelines showed that CBCT examinations should

However, the efficacy of CBCT in revealing the three-dimensional
morphology of maxillofacial bone structure has led to increased ex-
aminations in many fields of dentistry, including orthodontics [4].
The American Academy of Oral and Maxillofacial Radiology
(AAOMR) has revealed the efficacy of CBCT for dental anomalies and
treatment planning in moderate and severe skeletal discrepancies and
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Table 1
The effective doses and dosimetric methods reported in the literature for CBCT and 2D examinations on radiological units used in the current study.
X-ray unit Dosimetric method Phantom kV  mAs Scanning volume(WxH) Effective dose References
(em?) (1Sv)
NewTom 3G (Cefla Dental Group, Imola, Italy) OSLD 10-years-old 110 9 15 x 15 94 Ludlow et al. [11]
child 110 9 20 x 20 56 Ludlow et al. [11]
adult 110 9.1 15 x 15 57 Loubele 2009 [15]
110 9 30 x 30 30 Loubele 2009 [15]
ProMax 3D Max (Planmeca, Finland) TLD 10-years-old 84 196 8x8 24 Theodorakou [16]
child 84 199 8x38 28 Pauwels et al. [6]
90 217 16 x 16 277 Ludlow et al. [11]
adult 84 192 8 x5° 171 Quetal. [17]
84 192 8x5° 131 Quetal. [17]
84 169 8x38 122 Pauwels et al. [6]
84 168 8x8 272 Quetal. [17]
920 325 16 x 16 283 Ludlow et al. [18]
90 271 16 x 16 223 Ludlow et al. [18]
Scanora 3D (Soredex, Tuusula, Finland) TLD adult 85 48 14.5 x 13.5 68 Pauwels et al. [6]
85 30 10x75° 46 Pauwels et al. [6]
85 30 10 x 7.5% 47 Pauwels et al. [6]
CranexTome(CCD) (Soredex, Finland) TLD adult 70 64 Panoramic 8.1 Gijbels et al. [19]
ProMax 3D (SPP) (Planmeca, Finland) TLD adult 66 144  Panoramic 8 Al-Okshi et al. [20]
Intraoral, indirect digital exposure, round TLD 70 25.6 Bitewing 0.6 Ludlow et al. [11]
collimation
Periapical 1.9
Occlusal

OSLD- optical stimulated luminescent dosimeter, TLD — thermoluminiscent dosimeter; kV-kilovoltage, mAs-milliampere-seconds, scanning volume — WxH - width x
height, pSv-microsievert, a — for mandibular exposure, b- for maxillary exposure

the median age of children exposed to CBCT was found to be 12 years
[5].

A wide range in patient dose for dental CBCT has been reported in
literature [6]. CBCT was described as a low-dose radiological method
but in fact it can reach doses similar to those of medical CT in using
large field of view (FOV) and high-resolution protocols [7]. In light of
the need to weigh the benefits and the risks of radiological exposure
from a pediatric perspective, the DIMITRA project (Dentomaxillofacial
pediatric imaging: An Investigation Towards Low Dose Radiation In-
duced Risks) aims to characterize the doses and the potential biological
effects of radiological exposures in pediatric dentistry [8].

The estimation of doses and a potential radiation risk in children
through epidemiological studies could increase the efficacy of using the
patient — oriented CBCT protocols in dentistry. However, the evaluation
of CBCT doses under clinical condition is still a difficult issue due to the
variability of the scanning protocols and CBCT units [9]. The majority
of CBCT doses currently estimated in literature involved dosimetric
measurements on anthropomorphic phantoms. However, a large dis-
crepancy was observed between phantoms and patient doses, mainly
for children, due to immature tissues, growth potential and their de-
velopmental stage [10].

In addition, even the dosimetric measurements revealed higher ef-
fective doses for CBCT compared to other dental radiological in-
vestigations [11] the question that arises is whether CBCT significantly
influenced the radiation risk considering the age and frequency in using
CBCT for children.

Several studies demonstrated that the risk of cancer incidence may
theoretically be increased after repeated radiological procedures during
childhood and adolescence for various medical exposures such as in-
terventional radiology [12], multiple CT for emergency situations [13]
or cardiac imaging radiology [14]. However, until now there has been
no evidence of a potential oncologic effect of low dose radiological
examinations. Moreover, the extrapolation of the linear no-threshold
model (LNT) that provides the estimated cancer risk for high dose ex-
posures is very controversial and it is considered of little relevance for
doses less than 100mSv.

Regardless of technical difficulties in estimating the CBCT effective
doses in clinical condition, an overall estimation of the CBCT con-
tribution in dental radiological exposures for various ages of children
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still remains of great interest.

The aim of this study was to estimate the overall differences be-
tween a group of patients exposed to CBCT compared with a group
exposed only with 2D dental radiographic modalities, with regard to
the variation of the cumulative dose and radiation risks in a pediatric
population.

2. Materials and methods
2.1. Patient inclusion and data collection

A retrospective cohort study was conducted in five oral radiology
departments from two European countries (Romania and France), with
a long lasting expertise in oral and facial radiology. The selected po-
pulation included children and young adults, aged between 0 and 22
years, who underwent at least one dental radiological examination
(CBCT or 2D dental X-ray) within two years (from 1st January 2014 to
31st December 2015).

The selected population included healthy children who underwent a
radiography for screening diagnosis of dental lesions (e.g. bite-wing
radiography for caries detection) and also children with various dental
or maxillofacial pathologies. The following data regarding exposure
was collected from the radiological units: personal data (age and
gender), radiological examination (type of examination and equipment)
and exposure protocol (FOV, kV, mAs). Only patients with a complete
set of information regarding the exposure were included in the study.
The lack of clinical data for which the patients were referred to dental
radiological examination was not considered as an exclusion criterion
in the present study.

The pediatric population was divided into two groups: children who
underwent a CBCT = 2D dental radiological examination within two
years (CBCT group) and children who underwent only 2D dental radi-
ological examination (2D group). Each group was also classified ac-
cording to age at the time of the radiological exposure.

The ethics committee of “Iuliu Hatieganu” University of Medicine
and Pharmacy Cluj-Napoca, Romania has approved the epidemiological
study (230/5.05/2015) and ethical committee of Katholieke
Universiteit Leuven, Belgium has approved the DIMITRA project
(§5694/15.07.2015).
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2.2. Estimation of radiation doses

The x-ray units used for the CBCT and 2D dental radiological pro-
cedures in the selected centers are presented in Table 1. For this type of
units, the most suitable effective doses (ED) reported in the literature
were considered according to the type of radiological examination and
the exposure protocol used for the pediatric population [6,11,15-20].
The effective doses presented in Table 1 were calculated on child and
adult anthropomorphic dosimetric phantoms and were considered for
the estimation of radiation doses in children. The quality control tests
for radiographic and CBCT exposures have shown that all radiological
equipments operated at their technical performance level in all in-
cluded radiological centers within the time period of the study.

The CBCT effective doses reported in literature were then corrected
according to mAs and FOV used for the radiological exposure of the
selected population. A previously published volume-dose model for
CBCT, in which the ED/mAs was expressed as a function of FOV dia-
meter and height based on a set of measurements obtained using var-
ious FOVs, was used [9]. A CBCT-dependent correction factor for ED/
mAs was obtained by using at least two values of the effective doses
measured on anthropomorphic phantoms with different FOVs and the
logarithmic fit equation of the volume parameter (diameter X height?).
The logarithmic fit equations for FOV dose correction are presented in
Appendix (A) in Supplementary material. The effective doses for CBCT
exposures were then calculated based on the tube current exposure time
used in clinical condition for the selected pediatric population.

The coefficient for the adjustment of CBCT doses to the age of the
pediatric cohort was obtained by using the linear interpolation of the
ED/mAs parameter estimated in 10- years-old child phantom and adult
phantoms using the ProMax 3D CBCT unit, with a large FOV scan
(16 x 16 cm) and 90kV exposure protocol. All equations for linear
extrapolation of doses according to age and the logarithmic fit equa-
tions for FOV are presented in the Appendix (A) in Supplementary
material.

The effective doses for conventional radiological exposures in the
pediatric population were corrected for tube current exposure time and
a linear interpolation with age was also applied. The kV was fixed in
92% of cases examined by CBCT and no correction of doses was applied
for kV in the current study.

The total individual cumulative dose for dental radiological ex-
posures represents the total amount of radiation given to a patient
considering one-year lag for multiple exposures. The individual cumu-
lative dose for the CBCT group of patients was calculated for all dental
exposures including CBCT and conventional x-rays. The median (Q>),
interquartile range (IQR) and the maximum value of the cumulative
and effective dose were calculated at different ages for the CBCT group
and 2D group of patients (Table 2).

For the CBCT group, the cumulative dose incurred by each person
according to dental radiological procedures was calculated as follows:
the cumulative dose for a single CBCT (single CBCT dose), for repeated
CBCTs (multiple CBCTs dose) and for conventional dental x-rays
(2D_CBCT group) (Fig. 1).

The collective effective dose for the selected population represents
the total radiation dose incurred by the selected population from dental
radiological exposures. Per caput collective dose was estimated di-
viding the collective doses by the number of patients included in the
study (Table 3).

2.3. Estimation of radiation risk

The radiation risk was estimated using three different methods: the
relative radiation level (RRL), estimation of the lifetime attributable
risk for cancer incidence (LAR), the background equivalent radiation
time (BERT) (Tables 2 and 3 respectively).

The individual LAR for cancer incidence was estimated for various
ages of males and females using the BEIR VII preferred model

114

European Journal of Radiology 103 (2018) 112-117

Table 12D-1 [21] and represents the number of cancer cases per
100,000 persons which were exposed to a single dose of 0.1 Gy. The
individual LAR for each child was calculated using linear interpolation
of risk inside of the age interval and the effective dose for each ex-
posure. The radiation risk was expressed only according to dental
radiological examinations and the total individual risk for multiple
exposures represents the sum of risks for each exposure.

Background equivalent radiation time (BERT) represents the
amount of radiation received from a radiological procedure expressed
in terms of number of days of background radiation [22]. It was cal-
culated for the studied groups considering per caput dose for a certain
radiological examination and a background radiation of 3 mSv/year
(Table 3).

RRL was used to compare the amount of radiation given by the
radiological examinations with a variable effective dose as follow:()
radiation dose < 30 uSv for ages under 18 or radiation dose < 100 pSv
for ages over 18 years; («*4+) radiation dose between 30 and 300 pSv for
ages under 18 years [23].

2.4. Data analysis and statistics

In order to calculate the individual cumulative dose of dental
radiological examinations, LabVIEW Professional for Windows v.2017
(NI, Austin, Texas, USA) was used for merging the effective doses of the
radiological procedures based on the patient’s name and date of birth.
Median value, interquartile range and maximum values were calculated
for the effective and cumulative doses. Statistical analysis of differences
between CBCT group and 2D group of patients, was performed using
Mann Whitney U test for the non-normally distributed data and p-va-
lues < 0.05 were considered statistically significant.

3. Results
3.1. Descriptive epidemiology

The cohort included 7150 children and young adults aged between
0 and 22 years. A total number of 12252 dental radiological examina-
tions (4220 intraoral, 1324 cephalometric, 5284 panoramic radio-
graphs and 1424 CBCTs) were performed on the selected pediatric
population. Table 2 shows a summary of the distribution of cases ac-
cording to age at exposure and studied group, the variation of the ef-
fective dose for the CBCT and conventional radiological examinations
as well as the total individual cumulative doses for each group.

The CBCT group included 1009 children with a single CBCT ex-
posure (71.4%) or multiple CBCTs (28,5%) from which only 2% un-
derwent also a 2D radiological examination within the two years in-
terval.

3.2. Radiation doses for the pediatric cohort

The median effective doses for 2D dental radiological exposures
were lower than 20 uSv which represents the lowest range of RRL (%)
while a higher level of radiation («+4) was found for the CBCT ex-
aminations perform at ages under 18 (Table 2).

The individual cumulative dose in the CBCT group was found to be
significantly higher for children aged between 11 and 14 years old than
in other age groups (p < 0.0001). The cumulative dose for the re-
peated CBCTs was significantly higher than for a single CBCT (median
is 121.2 = IQR 118.2uSv and 309.4 = IQR 222.1 uSv respectively)
(p < 0.05) and it exceed 1mSv in children with multiple CBCT ex-
posures. There are no significant differences between the 2D and CBCT
group in terms of the cumulative doses incurred by patients from 2D
dental X-rays (Fig. 1).

Per caput collective dose was found to be increased for children
exposed to CBCT compared to 2D group and it was statistically sig-
nificantly higher for children exposed to CBCT at the ages between 11
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Table 2
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Distribution of the irradiated patients, effective doses and individual cumulative doses according to age and studied groups.

Age group (years) Patients non-exposed to CBCT (2D group)

Patients exposed to CBCT (CBCT group)

N 2D Effective Dose (uSv) Cumulative Dose (USv) N CBCT Effective Dose (USv) Cumulative dose (uSv)
Qx IQR Q2 IQR Max Q2 IQR Q2 IQR Max
0-6 114 7.6% 10.1 11.4 14.5 114.9 26 51.5% 97.6 67.4 111.3 336.7
7-8 315 5.8 10.5 11.4 13.9 92.1 44 137.6%4 90.2 135.1 102.7 433.9
9-10 534 5.4 10.5 11.4 16.4 182.3 91 132.204 49.1 136.7 44.9 722.0
11-12 522 3.2 9.9 11.2 17.3 105.5 155 204.8 66.5 214.9 145.7 1251
13-14 543 2.6 9.6 9.0 17.9 173.3 157 170.824 63.1 211.9 " 216.2 1514
15-16 608 1.8 7.1 8.6 17.5 176.2 132 173.8 % 66.8 180.1 110.3 1412
17-18 745 3.2% 9.5 7.5 14.7 177.6 98 1411 88.0 119.2 138.2 678.1
19-20 956 2.1 9.5 5.7 12.1 167.2 125 78.9% 56.4 91.7 90.7 542.9
21-22 1804 4.8 10.5 8.9 16.9 195.8 181 72.5% 56.7 88.2 99.3 428.7
Total 6141 3.3 10.1 8.8 15.8 195.8 1009 127.2 98.5 156.5 144.8 1514

N — number of patients; effective dose — dose derived from dosimetric measurements on phantoms with scaling factors applied for age and exposure protocol;
cumulative dose- represents the total individual dose provided by conventional x-rays and CBCT considering one year lag; Q,-median effective dose, IQR - inter-
quartile range; Max — maximum value of radiation dose, uSv — microsievert; Relative Radiation Level?*> and symbols were applied to effective dose as follow: « for
doses < 30 pSv in children under 18 year old and doses < 100 uSv for adults; «+ for doses of children aged under 18 years that ranged between 30 and 300 uSv; ~

Mann Whitney U test p < 0.05.
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Fig. 1. Whisker-box-plots displays the distribution of the individual cumulative
dose for dental radiological procedures in pediatric population: single CBCT: —
dose for CBCT incurred by patients exposed to a single CBCT examination; re-
peated CBCT- dose for CBCT incurred by patients with multiple CBCTs within
two years; 2D_CBCT group - individual dose accumulated by a patient from
CBCT group from conventional dental radiological exposures; 2D_2D group —
individual dose accumulated by a patient from 2D group within two years.

and 15 years (p < 0.0001) (Table 3).

The overall contribution of the CBCT examinations to the collective
dose was 70% in two years even though the number of CBCT exposures
was lower than other dental radiological examinations.

Table 3
Collective effective dose (uSv) and radiation risk for the studied groups.

3.3. Radiation risk for pediatric cohort

A higher Life Attributable Risk (LAR) was found in the CBCT group
compared to 2D group of pediatric population, for all age intervals. The
overall variation of LAR showed an increased risk for children exposed
to CBCT at ages under 15 years (p < 0.05) and the highest individual
LAR was found for girls at the ages of 11-15 years (Table 3).

The background equivalent radiation time (BERT) for patients ex-
posed to CBCT was higher than in the 2D group. The amount of ra-
diation brought by a single CBCT examination was equivalent to
14.5 days of natural radiation on average and to 42.1 days for multiple
CBCTs. The BERT for CBCT examination in the pediatric cohort was
variable with age and the highest exposure equivalent time was found
for ages between 11 and 15 years. The pediatric patients exposed only
to conventional dental radiological examinations have a lower exposure
equivalent time than for CBCT (1.5days of natural radiation on
average) which does not vary significantly with age (Table 3).

4. Discussion
4.1. Radiation doses for dental radiological exposures

An epidemiological study on CBCT radiation dose is challenging due
to the heterogeneity of radiation exposure related to the radiological
equipment, multiple combinations of exposure parameters, indications
and patient characteristics. Currently, there are over 20 manufacturers
providing more than 50 different CBCT units with different geometries

Age group Per-caput collective dose (uSv) Life attributable risk (LAR) of cancer incidence Background equivalent radiation time (BERT) (days)
(years)

2D group CBCT group CBCT Contribution (%) 2D group CBCT group 2D group CBCT group

Female Male Female Male Single CBCT Multiple CBCT

<6 11.2 131.8 71 0.4 0.2 6.3 1.9 1.3 12.8 NA
6-10 13.8 145.1 59 0.4 0.2 5.1 2.8 1.6 12.6 30.5
11-15 14.5 279.8" 84 0.3 0.1 7.1 2.8 1.7 20.7 55.1
16-20 11.5 159.1 64 0.1 0.1 3.8 1.7 1.4 11.5 35.8
21-22 13.1 108.7 44 0.2 0.1 2.8 1.1 1.5 9.2 22.2
Overall 12.6 184.1 70% 0.4 0.2 6.1 2.9 1.4 14.5 42.1

Per caput collective dose — represents the total radiation dose incurred by children from dental radiological exposures truncated at one year lag divided by the number
of exposed children; CBCT Contribution- represents the percent of the doses provided by CBCT for the total collective dose of the age groups; Life Attributable Risk
(LAR) — mean number of cancers per 100,000 persons exposed to dental radiological examinations under clinical conditions; Background Equivalent Radiation Time
(BERT) — mean days of exposure to natural background radiation (3mSv/year) equivalent to individual cumulative dose incurred from dental radiological exposures
truncated at one year lag; "Mann Whitney U test p < 0.05; NA — not applicable.
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for scanning, collimators, filters and a large range of radiation dose per
scan [24]. Moreover, most of these CBCT machines offer various pro-
tocols for exposures which considerably affect the radiation exposure
including the FOV, milliampere x seconds (mAs), and kilovoltage (kV),
which can be controlled by the technician according to patient size and
the image quality requirements.

Therefore, any estimation of CBCT irradiation on a large population
expressed in terms of effective dose could provide only average ap-
proximations. Limitations of the effective dose metric for medical ex-
posures, i.e. uncertainty of measurement methodology, discrepancy
between tissue weighting factors and actual radiation-induced detri-
ment, as well as gender- and age-averaging of tissue weighting factors,
all apply to the current study; however, the effective dose can still be
considered as the most suitable index for risk assessment at a popula-
tion level, especially when comparing between imaging modalities. At
the time of writing, the debate regarding the most suitable dose index
for CBCT, and its conversion to patient dose, it still on-going. Currently
available dose indices for CBCT (e.g. dose-area product) serve many
purposes, but cannot be used to directly compare the radiation risk
between different units or protocols. Instead, the results were derived
from direct measurements of effective dose in literature, revealing
differences between the patients who underwent a CBCT examination
and those irradiated only with conventional dental radiological tech-
niques and highlighted the amount of cumulative doses for a single and
multiple CBCTs in the pediatric population (Fig. 1).

To the best of our knowledge, our study is the first survey that
compares doses for children and young adults exposed to CBCT and
exposed only to 2D dental radiological modalities, in terms of current
dental practice and taking age into account. The results clearly showed
that CBCT exposures increased the individual cumulative dose for
dental radiological exposures in children. However, the median effec-
tive dose for CBCT was lower than 0.3 mSv which placed this ex-
amination in the range of doses for mammography or pelvis radio-
graphy [23]. Also, the CBCT effective doses were much lower than the
mean effective dose observed in children exposed to CT (1.06 mSv)
[25].

On the other hand, a wide variation of the individual cumulative
doses among ages was noted for children included in the CBCT group in
contrast with the cumulative doses in the 2D group that do not vary
significantly with age. The individual cumulative dose was significantly
higher for children exposed to CBCT aged between 11 and 14 years
compared to other ages (Mann Whitney U test p < 0.05). One ex-
planation could be the high variability of the exposure protocols and
frequency of CBCT examinations for children with dental anomalies or
growth anomalies that may require repeated CBCTs. The CBCT ex-
amination in cleft patients is used for teeth assessment during mixed
and permanent dentition. Moreover, during this age period, the CBCT
evaluation of the bone defect volume provides technical details for graft
procedures and it is also useful for establishing the thickness of the
cortical bone and the possibility or the limits of orthodontic teeth
movements. The young adults with ages between 19 and 22 years were
included in the pediatric cohort in order to cover the CBCT exposures
used for orthognatic surgery planning. However, the present study was
a retrospective one and justification for the dental radiological ex-
aminations was therefore not assessed.

Recently, the International Commission on Radiological Protection
(ICRP) stated that the estimation of collective dose in a population will
not give a good indication of the health consequences and risks for the
patient populations, due to the differences of age distributions of the
patients undergoing medical ionizing exposures [26]. Our study also
confirmed the importance of age related reporting of doses for a child
population considering the significant contribution of CBCT exposures
to the collective dose among all ages.

European Commission of Radiological Protection recommends the
separation of the collective doses into various components, with an
estimation of doses for different groups, reflecting the age and exposure
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characteristics as type of examinations, number of examinations for the
selected population in a certain period of time [27]. In light of these
new trends, our results emphasized the differences of the cumulative
dose between the CBCT and 2D group and the significantly increased
dose in the repeated CBCT exposures.

4.2. The radiation risk for pediatric cohort

Children could have a potentially higher risk for radiation-induced
cancer occurrence due to their longer life span and their higher radio-
sensitivity compared with adults [28]. So far, several risk models have
been developed in order to estimate the risk of cancer incidence after
low-dose exposures [29].

The risk estimations in the present study rely on the linear non-
threshold (LNT) model, which conservatively states that risks from high
dose exposures can be linearly extrapolated to 0, taking into account a
dose and dose rate effectiveness factor (DDREF). Both the validity of the
LNT model and the value of DDREF used for low doses have been under
scrutiny, as it is based on epidemiological data with a high level of
uncertainty.

The individual LAR for dental radiological exposures was sig-
nificantly higher for the CBCT group of patients and the highest LAR
was found for girls of 11-15 year old. However, it remains uncertain
whether a causality association between the CBCT exposure and an
increased risk of cancer incidence exists for children. Ongoing research
on radiobiological effects of low doses will lead to a reconsideration of
the LNT, and possible even a replacement with another dose-effect
model, which could completely reshape the concept of radiation pro-
tection of medical exposures.

Another way of estimating the radiation risk for low dose exposure
is to compare the medical radiological exposure with the background
radiation that represents the level of radiation to which the entire po-
pulation is exposed daily from natural radioactive substances (3 mSv/
year). The Background Equivalent Radiation Time (BERT) is a simple
approach to express the potential risk for diagnostic radiological pro-
cedures. Our results showed that CBCT exposures increase the equiva-
lent time of radiation compared to 2D group of patients but the
equivalent risk remains much lower than for CT exposure (0.5 years for
head CT) (22). BERT for CBCT was significantly higher for children
exposed with multiple CBCTs between ages 11 and 15, being the age
range for the highest dose per caput in the CBCT group (55.1 mean days
equivalent time).

The American College of Radiology has established guidelines for
defining the radiation dose, as a relative risk based on population
medical exposure [23]. The Relative Radiation Level (RRL) classifica-
tion allows for the comparison of the effective doses of medical ex-
posures but the individual cumulative dose could be higher in children
with multiple radiological examinations. The doses for 2D dental
radiographies are equivalent with the radiation level for chest and hand
radiographies while the CBCT examinations are placed in the range of
doses for mammography and pelvis radiographies [23]. Nevertheless, in
several cases with multiple CBCT exposures at ages under 16 years, the
cumulative doses are much higher and can exceed 1mSv. Further re-
search is still needed to describe the potential biomolecular effects for
low dose exposure.

4.3. Limitation of the study

The limitations of the present study are mainly related to the small
size of the epidemiological cohort, estimation of CBCT doses for various
ages of children, and the uncertainties of linear no-threshold model for
cancer risk estimation in low dose exposures. Our study includes only a
limited size of population, that gives a low statistical power in dose and
risk estimations.

For this retrospective analysis of irradiation in dental radiological
exposures, the dosimetric measurements reported in the literature were
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considered. Future prospective studies on a larger number of CBCTs and
exposure protocols are still necessary to describe the radiation doses
and risk for children exposed in clinical condition. A well-reasoned
justification of CBCT examinations based on selection criteria could
reduce the number of dental radiological exposures in children.
Optimization protocols by minimizing the field of view (FOV) could
improve the radiation safety in CBCT exposures [30].

The limitations of risk models for low dose and the presence of the
baseline risk of cancer incidence makes it difficult to conclude that an
increasing of doses in the group of children exposed to CBCT could be
directly associated with an excess risk of cancer incidence. However,
our results showed that doses for CBCT exposures in current clinical
conditions are higher than for other dental radiological exposures,
placing the CBCT examination in a higher relative radiation risk level
that has been considered before for pediatric dentistry.

In conclusion, our results revealed a wide variability of doses and
risks of CBCT exposures in young patients that should be considered for
reporting the dose-risk model in dentistry. Dentists should weigh the
benefits of exposure according to age and pathological condition when
considering indicating a CBCT or a conventional 2D radiography.
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Abstract

This study aimed at performing a systematic review of the literature on the application of artificial intelligence (AI) in dental
and maxillofacial cone beam computed tomography (CBCT) and providing comprehensive descriptions of current technical
innovations to assist future researchers and dental professionals. The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Protocols (PRISMA) Statement was followed. The study’s protocol was prospectively registered. Following
databases were searched, based on MeSH and Emtree terms: PubMed/MEDLINE, Embase and Web of Science. The search
strategy enrolled 1473 articles. 59 publications were included, which assessed the use of AI on CBCT images in dentistry.
According to the PROBAST guidelines for study design, seven papers reported only external validation and 11 reported
both model building and validation on an external dataset. 40 studies focused exclusively on model development. The Al
models employed mainly used deep learning models (42 studies), while other 17 papers used conventional approaches, such
as statistical-shape and active shape models, and traditional machine learning methods, such as thresholding-based methods,
support vector machines, k-nearest neighbors, decision trees, and random forests. Supervised or semi-supervised learning was
utilized in the majority (96.62%) of studies, and unsupervised learning was used in two (3.38%). 52 publications included
studies had a high risk of bias (ROB), two papers had a low ROB, and four papers had an unclear rating. Applications based
on Al have the potential to improve oral healthcare quality, promote personalized, predictive, preventative, and participatory
dentistry, and expedite dental procedures.
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Abbreviations
Al Artificial intelligence
ALADAIP As low as diagnostically acceptable being

indication-oriented and patient-specific

AME Ameloblastoma

ASD Average symmetrical surface distance
ASM Active shape model

CBCT Cone-beam computed tomography
CNN Convolutional neural network
DICE Dice similarity coefficient

DL Deep learning

GAN Generative adversarial network
HD Hausdorff distance

IAN Inferior alveolar nerve

10S Intra-oral scan

10U Intersection over union

ICP Iterative closest point

KNN K-nearest neighbors

ME Mean error

MC Mandibular canal

ML Machine learning

MRE Mean radial error

MSD Mean surface distance

NN Neural network

NPV Negative predictive value
LOOCV Leave one out cross-validation
PA Periapical

PPV Positive predictive value
PROBAST Prediction risk of bias assessment tool
ReLU Rectified linear unit

RMSE Root mean squared error
RNN Recurrent neural network
ROB Risk of bias

Se Sensitivity

SE Surface error

Sp Specificity

SVM Support vector machine

T™J Temporomandibular joint
TMD Temporomandibular disorder
Introduction

Artificial intelligence (Al) is a branch of computer science
concerned with designing intelligent computer systems that
exhibit characteristics associated with human intelligence
[1]. AI has been used in all fields of dentistry for assist-
ing with diagnostics and treatment planning, as well as for
predicting certain treatment outcomes. It can be used as an
auxiliary tool for increasing diagnostic accuracy, assisting
junior or general dental practitioners, as well as for its time-
saving capabilities [2].

@ Springer

Medical fields that rely on imaging data have benefited
from the implementation of Al in recent years, as it can
provide interpretation of complex features in an automated
fashion [3]. The routine clinical acquisition of imaging data
has led to the availability of large databases for training
Al models. In the clinical practice of dentistry, 3D cone-
beam computed tomography (CBCT) images are com-
monly acquired to assist in diagnosis, treatment planning,
and surgery. Among all available options, CBCT imaging is
the sole modality to provide comprehensive 3D volumetric
information on complete teeth and alveolar bones [4]. CBCT
provides high-quality images at a lower radiation dose than
CT and a shorter scanning time. It has significantly added to
the diagnostic efficiency and accuracy of dental diagnostic
imaging and has positively impacted treatment outcomes [5].

Despite its many advantages, clinical interpretation of
CBCT scans may suffer from low interobserver/intraob-
server reliability, especially for less experienced practi-
tioners [6]. Automation in dentistry, especially for CBCT
segmentation and lesion detection, is highly needed. Inte-
grating Al and CBCT could potentially streamline and expe-
dite the dental workflow, eventually leading to better, more
objective, reproducible radiology assessments and lessened
workloads.

Machine learning (ML) is a subset of AI, which has
been defined by Arthur Samuel as “the field of study that
gives computers the ability to learn without being explicitly
programmed”. Based on the amount of human supervision
received during the training phase, ML algorithms can be
classified as supervised, unsupervised, semi-supervised
and reinforcement learning. Supervised learning involves
training an algorithm using labeled data, meaning data that
contains the desired outcomes, whereas unsupervised learn-
ing uses data that is unlabeled [7]. Reinforcement learning
arrives at a model trough complex mechanisms or rewards
and punishments [8].

Recent developments in Al particularly the field of deep
learning (DL), have opened new doors for computer-aided
clinical diagnosis [9]. These algorithms automatically learn
discriminant features from data and can discover underly-
ing patterns in classes of images and automatically work
out the most descriptive features with respect to a specific
class of object. The convolutional neural network (CNN) has
achieved significant improvements in the field of computer
vison [10]. The architecture of a CNN is composed of convo-
lutional, pooling layers and fully connected layers. The con-
volutional layer extracts features from the input images. This
is done using kernels, which are matrixes of values (weights)
trained to detect specific features. To facilitate the learning
of kernel weights, the convolution layer’s output is then fed
to a non-linear activation function, like a ReLU (Rectified
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Linear Unit) function. The convolution layer is often fol-
lowed by al pooling layer, which reduces dimensionality
and speeds up the training process. These convolutional and
pooling layers are repeated several times. Finally, the fully
connected layers integrate the feature responses from the
entire image and provide the final results [11].

To the best of our knowledge, there are no papers on the
use of Al models for clinical usage in dentistry with a focus
on CBCT. Therefore, the objective of the paper was to con-
duct a systematic review of the literature concerning the use
of Al in dental and maxillofacial CBCT and provide detailed
descriptions of recent technological advancements, in order
to aid future researchers and dental practitioners.

Methods

The systematic review was performed following the recom-
mendations of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocols (PRISMA) Statement
[12]. The study protocol was prospectively registered in the
open science framework and can be found at the following
address https://osf.io/r74ag.

The focused question used for the literature search was
“What are the current clinical applications and diagnostic
performance of Al algorithms in dental and maxillofacial
CBCT?” The PICO framework is listed in Table 1.

Eligibility criteria

The inclusion criteria were represented by: original research
(clinical trials, cohort studies, case—control, experimental
studies) published in the English language; CBCT imaging-
based studies using Al models for automatic diagnosis of
disease, detection of abnormalities, measurements of patho-
logical area/volume or identification of teeth and anatomical
structures in the dental and maxillofacial region; articles
which include mentions of datasets used to train, test, and
validate the Al models, as well as quantifiable measures of
Al performance.

The exclusion criteria were as follows: articles outside
the area of interest, literature reviews, commentary, letter to

the editor, editorials, case series, conference abstracts, grey
literature and full-text not available or accessible.

Information sources

A structured electronic search was conducted in June 2022 in
the following databases: PubMed/MEDLINE, Embase, and
Web of Science. The last electronic search was performed
on the 13th of June 2022.

The search strategy was based on MeSH and Emtree
terms and the syntax was adapted to each database. The
following keywords were used: CBCT, Cone-Beam Com-
puted Tomography, Artificial Intelligence, Neural Networks,
Machine Learning, Unsupervised Machine Learning, Super-
vised Machine Learning, Deep Learning, Support Vector
Machine, Random Forest, Convolutional Neural Network.
The detailed search strategies can be found in Supplemen-
tary Table S1. The publication period was restricted to the
last 10 years (starting from 2012 to 2022).

Study selection

The study selection was performed using Rayyan Al [13],
a web tool to assist in working on systematic reviews and
scoping reviews. The publications were independently
examined by two calibrated researchers (S.M. and O.A.),
who evaluated the titles and abstracts for relevance and the
presence of the eligibility criteria, followed by assessing the
full text of the retrieved articles. In case of disagreement,
a consensus was reached by discussion, and discrepancies
were resolved by a third researcher (M.H.). References
were managed using Mendeley Reference Manager v2.73.0
(Copyright® 2022 Mendeley Ltd) [14].

Data collection process

Two authors (S.M. and O.A.) similarly extracted the data
from the articles using a standardized template. The prin-
cipal summary outcomes were authors, year of publication,
country, the field of dentistry, study design, aim, dataset,
data augmentation, Al architecture, validation method,

Table 1 PICO elements for

guiding the search strategy maxillofacial CBCT?

What are the current clinical applications and diagnostic performance of Al algorithms in dental and

Patient or problem
Intervention
Comparison
Outcome

Dental and maxillofacial CBCT scans
Artificial Intelligence models for screening and diagnostics in dentistry
Expert judgment, clinical/pathological examination

Performance indicators, measurable or predictive outcomes (such as
DICE, AUC, Se, Sp, Ac, Precision, AUC, mean difference from
reference)

@ Springer
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Table 2 (continued)

18

Reference Outcome (best)

Validation
Method

Data augmenta-

tion

Dataset

Al technique

Study design

Objective

Country

Other applications

Authors

Springer

standard/com-

parison (if any)

RMSE 0.49+0.26 mm

Registration of ~ Development  Iterative Clos- 22 I0OS and CBCT - Split sample

Netherlands

Deferm et al.

(dentate)
RMSE 0.16 +0.08 mm

validation

scans Patient

10S (intra-oral est Point

scans) with

2022 [86]

groups 8-dentate
14 edentulous

(palate edc:ltulous);
0.16+0.05 mm

CBCT scans

(alveolar

crest edentulous)

Records identified from:
Databases (n=1473)

Records removed before screening
Duplicate records removed (n=481)
PubMed (n=298) Records marked as ineligible by
Embase (n=789) automation tools (n=0)
WOS (n=386) Records removed for other reasons
Registers (n=0) (n=300)

I

Records screened Records excluded
(n=692) (n=567)

l

Reports sought for retrieval Reports not retrieved
(n=125) "l (n=36)

|

Reports assessed for eligibility Reports excluded:

(n=89) Not in the area of interest (n=22)
Wrong publication type (n=6)
No mention of performance
outcomes (n=2)

Identification

Screening

A,

Studies included in the review
(n=59)

Reports of included studies
(n=0)

Included

Fig. 1 PRISMA flowchart illustrating the study selection

comparison, and outcome. These data are presented in
Table 2.

Risk of bias assessment

The methodological quality of the included studies was
evaluated by two reviewers using adapted criteria based
on the Prediction Model Risk of Bias Assessment Tool
(PROBAST) [15]. PROBAST is a tool designed to assess
studies developing, validating, or updating diagnostic and
prognostic prediction models. Studies were rated on a
3-point scale, reflecting concerns about applicability and
risk of bias was low, high, or unclear. The risk of bias assess-
ment according to the Prediction Risk of Bias Assessment
Tool (PROBAST) is presented in Supplementary Table S2.

Results
Study selection

A total of 1473 articles were enrolled after applying the
search strategy. After the elimination of the duplicates, 692
articles were considered for screening. During the initial
phase, the included studies were selected based on their
title and abstracts’ relationship to the research question. The
screening process generated 125 publications for retrieval.
A total of 89 articles were retrieved in full text and assessed
for eligibility. These were evaluated based on the inclusion
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Risk of bias of included studies

W High Unclear Low
Overall
Participants
Predictors
Outcome
Analisys
0% 25% 50% 75% 100%

Fig.2 Risk of bias (ROB) of included studies (n=59)

Applicability concerns for included studies

B High Unclear Low
Overall
Participants
Predictors
Outcome
0% 25% 50% 75% 100%

Fig.3 Applicability concerns for included studies (n=59)

criteria. Finally, a total of 59 publications were included in
this review. The study selection process is shown in Fig. 1.

Study characteristics

Fifty-nine studies evaluated applications of Al on CBCT
images in dentistry. The included studies were published
between the years 2012-2022. Out of these studies, 18 came
from the field of oral and maxillofacial surgery, eight from
implantology, 13 from orthodontics, and six from endodon-
tics. Studies that did not match any of the fields were labeled
as “other”. The general characteristics of included studies
are summarized in Table 2.

In terms of study design, according to the PROBAST
guidelines, studies performed external validation, with seven
being validation-only studies and 11 reporting both model
development and validation on an external dataset. 40 stud-
ies only dealt with model development [15].

Regarding the applications of the Al models, 10 studies
reported cephalometric landmark detection, seven articles

dealt with the diagnosis of tumors, cysts, and other oral
lesions, four publications with dental implant planning, two
dealt with the diagnosis of temporomandibular joint disor-
ders, three focused on the diagnosis of periapical pathology,
one with the detection of vertical root fractures, one with the
prediction of soft tissue changes after orthognathic surgery,
and one with the diagnosis of multiple dental pathologies.
A total of 24 papers described the segmentation of teeth
and other anatomical structures (mandibular canal, alveolar
bone, root canals, jaw bones, mandibular condyles), three
papers described registration tasks, and one was concerned
with detecting the use of image sharpening filters (Figs. 2,
3).

The AI models used consisted mostly of deep learn-
ing models (42 studies), while the remaining 17 studies
employed traditional techniques, such as statistical-shape
and active shape models, as well as classic machine learning
techniques, including thresholding-based methods (1), sup-
port vector machines (3), k-nearest neighbors (1), decision
trees (1) knowledge-based methods (3), and random forests
(4). Only two studies (3.38%) used unsupervised learning,
and the rest (96.62%) used supervised or semi-supervised
learning.

A few studies (8) made use of publicly available datasets
for training or validation, in addition to in-house ones, and
in terms of data augmentation, 12 studies used various tech-
niques (like rotation, noise, flipping, cutout) to enhance the
size of their training datasets. The publicly available datasets
consisted of the ISBI Challenge training datasets [16, 17],
the MICCAI Head-Neck Challenge dataset [18], the PDDCA
dataset [19] and, the IAN 3D dataset [20].

Validation methods included split sample validation (30
studies), k-fold cross validation (16 studies), leave-one-out
cross-validation (LOOCY, four studies), and Silhouette anal-
ysis for unsupervised learning (one study). Eighteen studies
validated their results on external datasets.

Risk of bias in the included studies

According to the PROBAST assessment tool, out of the 59
included studies, 52 papers were at high risk of bias (ROB),
two papers were rated as low ROB, and four papers as
unclear. For this study, only the Al models recommended
by the authors were assessed for bias. Overall, the major
contributors to the high ROB were the participants (37
studies) and analysis (33 studies) domains. The predictors
domain yielded 12 studies at high ROB, while another 12
were unclear, and for the outcome domain, there were 14
high ROB studies and 12 unclear. A detailed breakdown
of included studies is available in Supplementary file 2.
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Discussion

This systematic review aimed to assess the current clinical
applications of Al in dental and maxillofacial CBCT imag-
ing. There have been many reviews published on the topic
of Al in dentistry, but as far as we are aware, this review
is the first to deal strictly with the applications related to
CBCT imaging.

The advantages of CBCT are evident in tasks involv-
ing surgical planning, dental implant planning [21, 22],
or apical pathology detection [23]. Even fields such as
orthodontics, which traditionally make use of two-dimen-
sional imaging methods, can further benefit from CBCT,
by way of making up for the limitations of 2D imaging (for
example magnification, distortion, or imperfect overlaps of
anatomical structures) [24]. However, there are concerns
about potential health risks caused by radiation doses,
considering the ALADAIP (As Low as Diagnostically
Acceptable being Indication-oriented and Patient-specific)
principle [25, 26]. Children have a potentially higher risk
for radiation-induced cancer occurrence, owing to their
longer life span and their higher radiosensitivity [27].
CBCT exposure in children had a higher median effective
dose (127.2 pSv) and cumulative dose (156.5 pSv) with
a significant increase in the cumulative dose between the
ages of 11 and 14 [25].

Some of the AI architectures included in the literature
consisted of traditional techniques such as statistical-shape
and active shape models, as well as classic machine learning
techniques (including thresholding-based methods, regres-
sion-based methods, support vector machines, decision trees,
random forests etc.). These methods, while yielding some
promising results and having the advantage of transpar-
ency, require a lot of expert analysis and lengthy processes
of feature extraction [28]. Most of the studies employed deep
learning-based methods, which offer better performance
than other methods.

Deep learning (DL), a subfield of machine learning
concerned with algorithms inspired by the structure and
function of the brain [29], has gained prominence in recent
years for applications in biomedical research, due to the
increase in size and complexity of available data for train-
ing, enhanced computing power and its capacity to explore
more complex patterns in the data [30]. It is frequently
used for image analysis, as imaging data is naturally high-
dimensional [30, 31]. While DL can indeed produce better
results than traditional methods, it does so at the cost of
large amounts of computing power (which calls into question
its environmental sustainability [32]), needs exponentially
more data, and raises the problem of a lack of transparency
(black-box medicine [33]).
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Applications in endodontics

In the field of endodontics, Al can be used for diagnos-
ing cases of apical periodontitis, as well as for identi-
fying elusive vertical root fractures [34]. Setzer et al.
[35] trained a U-Net [36] based model for tooth, alveo-
lar bone and periapical lesion segmentation, obtain-
ing a DICE score of only 0.52 for the lesion label.
Zheng et al. [37] similarly sought to segment periapi-
cal lesions, using an approach which integrated oral
anatomical knowledge, therefore requiring less images
for training. Their method outperformed the non-ana-
tomically constrained Dense-Net [38]. Orhan et al. [39]
performed external validation on a clinically available
DL-based model (Diagnocat Inc., San Francisco, CA,
USA), which showed high reliability (92.8%) of cor-
rectly detecting periapical lesions. In the case of verti-
cal root fractures, the studies showed that applying Al
on CBCT scans yields better accuracy than on periapi-
cal radiographs [40, 41]. However, both studies only
used single-rooted, non-endodontically treated teeth,
therefore further studies on multi-rooted teeth, in the
presence of endodontic fillings, need to be conducted.

Applications in implantology

Dental implant planning relies on accurate evaluations of
the quantity and quality of the alveolar bone. Roongruang-
silp et al. [42], in a preliminary study using the faster
R-CNN algorithm [43], developed an approach for implant
planning based on the quantity of the alveolar bone. The
Diagnocat system was also evaluated for this purpose [22].
It correctly identified 95.3% of edentulous regions, but
unable to perform 80 bone height measurements and 15
bone thickness measurements. Sorkhabi et al. [44] pro-
posed a 3D deep CNN for a qualitative evaluation of the
alveolar bone, which outperformed other state-of-the art
approaches.

The identification of the inferior alveolar nerve canal
(IAN) is crucial for avoiding nerve damage during implant
placement. Earlier methods employing Active-Shape [45]
or Statistical-Shape models [46] were deemed unsuitable
for clinical use. Cipriano et al. [20] published a fully anno-
tated, public dataset of mandibular images, and their U-Net
based DL model achieved a higher DICE score (0.69)
than other methods [47, 48]. Lim et al. [49] also devel-
oped and validated a DL semi-supervised approach, which
achieved a DICE score of 0.58, but found that the accuracy
of manual segmentation was higher than that of automatic
segmentation.
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Applications in oral and maxillofacial surgery

Early research in maxillofacial surgery focused on the iden-
tification of intraosseous lesions, such as periapical cysts
or keratocystic odontogenic tumors [50, 51], using SVMs,
sparse discriminant analysis and random forests. Abdolali
et al. [52] incorporated their knowledge-based model into a
medical content-based image retrieval system, with the goal
of assisting clinicians by retrieving the most similar cases to
a given query image. Chai et al. [53] compared the accuracy
of the DL Inception v3 algorithm with oral and maxillofacial
surgeons, in the diagnosis ameloblastoma (AME), showing
that the AI was able to better differentiate between AME
and odontogenic keratocysts. Lin et al. [54] also showed that
their semisupervised adversarial collaborative network can
assist practitioners in patient diagnosis, lesion localization,
and surgical planning. The advantage of this network is the
fact that it can be trained with limited annotated data and
large amounts of unlabeled data.

Furthermore, there has been interest in the computer
aided diagnosis of temporomandibular joint (TMJ) diseases.
Haghnegahdar et al. [55] used ML in the diagnostic assess-
ment of TMD. They compared the results obtained using
K-nearest neighbors (K-NN) with SVM, Naive Bayesian and
Random Forest classifiers and concluded that the K-nearest
neighbor classifier achieved the highest accuracy (0.92). On
the other hand, de Dumast et al. [56] used a deep neural
network classifier of 3D condylar morphology, providing a
neural network based classification of temporomandibular
joint osteoarthritis.

Maxillary and mandible segmentation has also been the
focus of several studies, with early attempts using atlas-
based [57] and statistical shape models [58]. A recent review
on automated mandibular segmentation [59] concluded that
while such methods performed well, advances in DL now
provide better accuracy. The authors also found that CT-
imaging was the most frequent imaging modality used,
however, CBCT is valuable due to its lower radiation dose.
Qiu et al. [60] proposed an approach based on 3D CNN
and a recurrent neural network (SegNet [61]) for automatic
segmentation using images affected by metallic artefacts.
It showed better results than other state-of-the-art models
evaluated using the same datasets (average DICE 95.31%).

Other related articles centered on the prediction of soft
tissue profiles after orthognathic surgery [62], using an
Iterative Closest Point (ICP) algorithm and an autoencoder-
inspired neural network. Another study by Zhang et al. [63]
used an ICP algorithm for assessing the quality of 3D printed
scaffolds for tissue engineering, showed that the scaffold
quality can be quantified on a sub-voxel scale.

Applications in orthodontics

Cephalometric analysis has started to move from 2D radio-
graphs towards 3D imaging [64]. This has been facilitated
by the fact that CBCT imaging allows for 3D visualization
of anatomical landmarks without superimpositions [65]. In
2017, Codari et al. [66] proposed a cluster-based segmen-
tation and an intensity-based registration of an annotated
reference volume onto a patient’s CBCT scan. This approach
only produces an estimation of the landmark location and
needs further refining by a clinician. Torosdagli et al. [67]
developed a deep geodesic learning framework for fully
automated cephalometric analysis, achieving state-of-the-
art performance in both mandible segmentation and land-
mark digitization. Huang et al. [68] synthesized cephalo-
grams from CBCT projections using a generative adversarial
network and used a combination of LeNet-5 and ResNet50
for automatic landmark detection. Chen et al. [69] recently
introduced a Long Short-Term Memory Network to detect
3D cephalometric landmarks from the CBCT volume, out-
performing other methods on an in-house skull CBCT data-
set and a public CT dataset.

Other applications

Tooth segmentation had been studied extensively over the
years, as it constitutes a necessity in numerous digital den-
tistry applications. It represents an essential step in generat-
ing 3D models for the diagnosis and treatment planning of
maxillofacial deformities [70], and is typically performed
manually. Manual segmentation is a labor-intensive task that
is dependent on the skill and experience of the operator [71].
Challenges for CBCT segmentation include limited contrast
resolution, inaccurate density, noise [72], lower signal-to-
noise ratio, similar intensities of neighboring structures,
and image artifacts [70] and difficulties arising from dental
anatomy and maximum intercuspation [73].

In terms of methodology, traditional level-set based meth-
ods have shown promising results, but they require selection
manual of a seed point for each tooth [74]. In recent years,
a shift towards fully automated segmentation has occurred,
with the development of fully convolutional networks and
U-Net [75]. Just this year, Cui et al. [76] validated their
model on a large dataset, comparing it with other state-
of-the-art algorithms (ToothNet24 [77], MWTNet27 [78],
CGDNet28 [79]), and achieved very good results.

Other applications included Kim et al. [71] use of cluster
analysis to obtain a classification of the mandibular canal
(MC) course. The MC courses were automatically classi-
fied as three types and showed that unsupervised ML can
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enable an unbiased classification of anatomical structures.
Kats et al. [80] attempted to verify the effectiveness of using
a neural networking to automatically determine use of the
sharpening filter in X-ray images, to prevent errors in the
diagnostic process. Finally, Deferm et al.’s [81] study evalu-
ated a novel soft tissue-based method to register an intraoral
scan (IOS) with a CBCT scan. The high accuracy of this
registration method may aid in optimizing the digital dental
workflow, especially in cases of edentulism.

Addressing the shortage of high quality labeled
data

In general, DL algorithms need a large amount of labeled
data to achieve high accuracy. However, in many healthcare
applications, high-quality labeled data are limited due to
the availability and cost of clinical experts, as well as the
complexity of the problem domain. To address this label
data shortage, some of the included studies exploited dif-
ferent mechanisms such as transfer learning [53, 80, 82, 83]
and data augmentation [42, 44, 56, 68, 80, 82, 84-87]. Data
augmentation refers to techniques employed to increase
the size of existing datasets used to train DL algorithms,
intending to increase the generalizability of the data and
avoid overfitting. These include image rotation, flipping,
noise injection, width and height shifting, shearing, zoom-
ing, or gamma correction. A study by Khan et al. [88] found
a 10% increase in the accuracy of DL classifiers trained on
augmented dental radiology datasets. Other studies found
the utility of these techniques questionable [42]. Transfer
learning has been found to achieve better performance in
computer-aided diagnostics applications [89].

Limitations and implications for practice and future
research

The strength of the study relies on the focus solely on the
applications related to CBCT imaging out of the many
reviews that have been published about Al in dentistry.
However, several limitations are also present. First, the
quality assessment of the literature suggests that many of
the included studies are at high ROB. Overall, the main
contributors to the high ROB were insufficient sample size
and incomplete reporting. Efforts must be made to create
more high-quality annotated datasets, as well as additional
validation on external datasets, for these models to become
viable for clinical practice. Second, even in the field of
dental diagnostic imaging, applications were ample, with
large heterogeneity in terms of Al techniques, collection and
analysis of the datasets, and performance metrics, making
comparisons difficult. Al in dentistry faces both technical
and ethical challenges, and further research is in need of
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standards [90] concerning adequate reporting, concepts and
terminology, performance testing, and overall transparency
and reproducibility.

Conclusions

Al-based applications have the potential to streamline dental
care, increase the quality of oral healthcare, and facilitate
personalized, predictive, preventive and participatory den-
tistry. More research and validation need to be conducted
before these models are viable for clinical practice, particu-
larly to tackle the challenges of limited data availability,
insufficient standards in development and reporting, as well
as ethical challenges.
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Abstract: (1) Background: Our study aimed to assess the association between the neutrophil to lym-
phocyte ratio (NLR), platelet to leukocyte ratio (PLR), lymphocyte to monocyte ratio (LMR), red cell
distribution width (RDW), and systemic immune inflammation index (SII) and periodontitis. (2)
Methods: We searched PubMed, Embase, Scopus, Web of Science, and LILACS databases, identify-
ing observational studies. The Newcastle Ottawa scale was used to evaluate the quality of the in-
cluded studies. The principal summary outcome measure in our random effects meta-analysis was
the mean difference (MD). (3) Results: After screening 682 search results, a total of 10 studies includ-
ing 3164 subjects were selected for quantitative assessment. We found a higher mean NLR, PLR,
and LMR in the periodontitis group compared to the control group (0.41 (95% CI 0.12-0.7), p = 0.006;
7.43 (95% CI 0.31-14.54), p = 0.04; 2.05 (95% CI 0.27-3.83), p = 0.024). No differences were observed
for RDW. (4) Conclusions: We found an association between NLR, LMR, and PLR and periodontitis,
which might be thought of as emerging blood cell count inflammatory biomarkers that could shed
light on the link between periodontitis and systemic disbalances, as well as for periodontitis prog-
nosis and grading.

Keywords: inflammatory biomarkers; systemic inflammation; blood cells; gingival aggressive
periodontitis; periodontitis prognosis

1. Introduction

Periodontitis represents a group of chronic diseases that affect the supporting tissues
of the teeth and are characterized by the destruction of periodontal tissues, the alveolar
bone, and the supporting tissues of teeth. Inflammatory cells cause an immune response
in the periodontal tissues [1]. The inflammatory mediators from the periodontal tissues
can activate the immune system and initiate a systemic acute phase response [2]. In addi-
tion, many chronic diseases are linked to periodontitis, including cardiovascular disease,
diabetes, cerebrovascular disease, neurodegenerative disease, and cancer [3]. Analyzing
systemic circulatory markers, such as neutrophils [4,5], the neutrophil to lymphocyte ratio
(NLR) [1], platelets [6], the platelet to leukocyte ratio (PLR) [7], and erythrocyte counts [8],
could offer relevant data regarding systemic and periodontal infection.

The white blood cell count and absolute neutrophil count seem to be among the ad-
ditional markers that could also help predict infection [9]. The amount of peripheral white
blood cells has been reported to rise as the severity of periodontitis increases [10]. Despite
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the fact that these indicators are not specific to periodontitis, there may be a link between
them.

In 2017, a new classification scheme for periodontitis was adopted [11]. The new per-
iodontal disease categorization replaced the previous one [12], which uses a single term,
“periodontitis”, for all earlier forms of the disease defined as “chronic” or “aggressive”.

To the best of our knowledge, there is no systematic review focusing on the relation
between blood cell count inflammatory markers and periodontitis. Therefore, the objec-
tives of this research were to carry out a systematic review and meta-analysis to investi-
gate the association between the neutrophil to lymphocyte ratio (NLR), platelet to leuko-
cyte ratio (PLR), lymphocyte to monocyte ratio (LMR), red cell distribution width (RDW),
and systemic immune inflammation index (SII) and periodontitis.

2. Materials and Methods

This systematic review was performed in accordance with the recommendations of
the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols
(PRISMA) Statement” [13].

2.1. Eligibility Criteria

We included in our review all the studies on periodontitis subjects assessing inflam-
mation status using blood cell count ratios or the red cell distribution width. We excluded
case reports, mechanistic articles, animal studies, reviews, editorials, and conference ab-
stracts.

2.2. Information Sources

A structured electronic search was conducted in March 2022 of the following data-
bases: PubMed, Scopus, Embase, Web of Science, and LILACS. MeSH and Emtree terms
were used, where applicable. The last electronic search was performed on all databases
on 15 April 2022.

2.3. Search Strategy

”oou

The search strategy included the terms “neutrophils”, “platelets”, “lymphocytes”,
“ratio”, “systemic immune inflammation index”, “red cell distribution width”, and “per-
iodontitis” as free text words, along with MeSH or Emtree terms (where possible), syno-
nyms, singular as well as plural forms, and abbreviations (NLR, PLR, LMR, SII, RDW).
The complete strategies adapted for each database are presented in Supplementary Table

S1.

2.4. Selection Process

The exported lists of results from all the databases were imported in the Clarivate
EndNoteTM online version [14], where the duplicates were removed by the software.
Next, the remaining results were exported to an Excel spreadsheet file (Microsoft Office
365, MS, Redmond, WA, USA), which served as a selection, extraction, and quality assess-
ment electronic form. All references were managed with Zotero software version 6.0.6
(Roy Rosenzweig Center for History and New Media, Fairfax, Virginia, USA) [15]. Two
authors (A.O., L.D.C.) independently screened the titles and abstracts of all the articles
manually, and, when in doubt, debated whether the paper should be considered. The se-
lected articles were retrieved in full-text and assessed for inclusion by the same authors
independently, with differences in opinion resolved by discussion. For each excluded ar-
ticle, the exclusion motive was recorded. For one article for which we could not locate a
full-text version, we contacted the corresponding author, and he provided us with the
document we needed.
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2.5. Data Collection Process

Two reviewers extracted data from the articles in the standardized Excel form file.

2.6. Data Items

Data were extracted using a standardized form, which included the following infor-
mation: (1) author names and year of publication; (2) title; (3) abstract; (4) publication title;
(5) keywords; (6) study selection; (7) screening; (8) inclusion criteria; (9) exclusion criteria;
(10) population; (11) exposure; (12) age; (13) gender; (14) other characteristics; (15) out-
comes (NLR, PLR, LMR, RDW), i.e., mean and standard deviations; and (16) studies’ qual-
ity assessment.

2.7. Study Risk of Bias Assessment

All the selected articles were independently assessed regarding their methodological
quality by two reviewers, and differences in assessment were resolved by discussion. The
Newcastle Ottawa Scale [16] for case-control studies was used to identify the sources of
bias.

2.8. Effect Measures

For all the outcomes, the mean difference was used as an effect measure, along with
its confidence interval.

2.9. Synthesis Methods

If we could not identify the mean and standard deviation for the outcomes we were
interested in and only found medians, we used the formula supplied by Hozo SP et al. to
convert the range and number of participants [17]. Although some papers lacked the
needed numbers, we were able to identify them in their charts. We extracted the numerical
values from the figures using WebPlotDigitizer [18].

All meta-analyses were performed with the random effects model using the method
of restricted maximum likelihood to estimate the heterogeneity variance, as we antici-
pated a clinical heterogenicity between studies. The X2-based Q-test and 12 were used to
assess between-study heterogeneity, according to the Cochrane Handbook’s recommen-
dations [19]

Meta-analyses were carried out in the R environment for statistical computing and
graphics, version 4.1.2 [20], using the meta R package [21]. The leave-one-out sensitivity
analyses, performed in case of important heterogeneity meta-analyses, as well as meta-
analysis diagnostics to identify influential studies were carried out with the dmetar pack-
age [22]. No subgroup analyses were performed.

2.10. Reporting Bias Assessment

Since the number of selected studies was low, publication bias assessment is under-
powered. Nevertheless, we computed the Egger test and plotted funnel plots to assess the
presence of publication bias.

3. Results
3.1. Study Selection

A description of the search process and selection is presented in a PRISMA flow dia-
gram (Figure 1). A total of 682 publications were found in the initial search (PubMed n =
135, EMBASE n = 107, Scopus n = 373, Web of Science n = 60, LILACS n = 7). After being
identified as duplicates, a total of 149 studies were deleted. Following the removal of du-
plicates, 533 articles were subjected to a preliminary screening that included a review of
the title and abstract for compliance with the inclusion and exclusion criteria. Then, 110
articles were eliminated during the screening process. There were 460 irrelevant articles
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and 22 wrong study types, and 35 duplicate records. We looked for the complete text of
16 articles, and for one article, we contacted the authors through email, and finally, we
managed to collect all the necessary files. We read and evaluated the whole text thor-
oughly in order to determine the remaining articles’ eligibility. Six of these articles were
eliminated for the following reasons: outcome not reported (n = 5) or wrong study type,
i.e., review (n=1). As a result, the qualitative and quantitative synthesis included 10 arti-

cles.
c Records identified from: \
4 atabases (n = :
o Datab 682
© PubMed (n = 135)
O EMBASE (n = 107) Records removed before screening:
= Scopus (n =373) > Duplicate records removed by automation
E Web of Science (n = 60) tools (n = 149)
[} LILACS (n=7)
E \ Registers (n = 0) /
- :
(" ) Records excluded (n = 517):
Records screened Wrong study type (n = 22)
(n=533) Irrelevant article (n = 460)
_ J Duplicate records removed manually (n = 35)
A4
o ( )
c Reports sought for retrieval .
= - ——— | Reports not retrieved (n = 0)
c (n=16)
gl )
3
v
@ N
Reports assessed for eligibility Reports excluded (n = 6):
(n=16) E— Outcome not reported (n =5)
L ) Wrong study type review (n =1)
| —
) v
T
[T} Studies included in review
'g (n=10)
° Studies included in meta-analysis
c (n=10)

Figure 1. Flow diagram of the literature search and selection criteria adapted for PRISMA 2020.

3.2. Study Characteristics

Table 1 and Supplementary Table S2 summarizes the basic characteristics of the studies
that were included. A total of 3164 subjects were included in this systematic review and
meta-analysis.
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Table 1. Characteristics of the included studies.

Age (Years): Mean + (SD) Female (%) Outcome

Author, Year of Peri iti
Publication Country Region  C0Cy - POy o [Rango Casevs.  Parame- (o0lom ™
& P Case vs. Control Control ters

Acharya AB, 2019 [7] India  Asia PC CPvs.H 39.6+0.96vs. 39.6£0.96 50% vs.50% NLR,PLR  NCS
Anand PS,2014[23] India  Asia s GaPvs.H OX80% 7‘51635' 3040% 00, vs.43% RDW  ICWP 1999
Cetmzoozzzd;r]m B Turkey Asia cs CPvs.H 38.36+7.02vs.353+9.88 36%vs.73% NLR  WWC2017

Dogan B, 2015 [24] Turkey Asia CSs CPvs.H NR 32% NLR NCS
LuRF,2021[25] China Asia cC  GAPvsH 2790% 5?40;5' 26.77% 599 vs. 60% NLR, PLR WWC 1999
Mishra S, 2022 [26] India  Asia cC CPvs.H O067% 4‘298‘975' 3067 459, vs. 48% NL&/II;LR' WWC 2017
Sridharan S, 2021 [27] India  Asia cs CPvs.H 508+10vs.41.6+34 65%vs.65% RDW  WWC 2017
Temelli B, 2018 [28] Turkey Asia cs CPvs.H 50 (42-71) vs. 49 (33-65) 33% vs. 63% gé{fv WWC 1999
Torrungruang K, . . o CDC/AAP

2018 [29] Thailand Asia CS CPvs.H 48.0+5.0 28% NLR, PLR 2007

0,

Ustaoglu G, 2020 [2] Turkey ~Asia cs CPvs.H 37.4+7.0vs.35.6+7.0 4: 4/"31;5' RDW  WWC 2017

PC-prospective cohort; CS-cross-sectional; CC-case-control; CP-chronic periodontitis; GAP-gingival
aggressive periodontitis; H-healthy; ICWP-International Workshop for Classification of Periodontal
Disease and Conditions; WWC-World Workshop on the Classification of Periodontal and Peri-Im-
plant Diseases and Conditions; CDC/AAP-Centers for Disease Control and Prevention (CDC),
American Academy of Periodontology (AAP); NLR-neutrophil to lymphocyte ratio; PLR-platelet to
leukocyte ratio; LMR-lymphocyte to monocyte ratio; RDW-red cell distribution width; NR-not re-
ported; NCS-no classification system.

Eight studies used a cross-sectional study design, and two used a case-control study
design. All investigations were conducted in Asia (Turkey n = 4, India n = 4, Thailand n =
1, China n = 1). Two articles assessed gingival aggressive periodontitis and eight articles
observed chronic periodontitis as a case group; all articles compared them to healthy con-
trols. The periodontitis classification differed between articles, with seven using World
Workshop on the Classification of Periodontal and Peri-Implant Diseases and Conditions
(1999 or 2017 versions); one used the Centers for Disease Control and Prevention, Ameri-
can Academy of Periodontology classification; and two did not stipulate any classification
system. Six studies had a mean age of subjects between 26 and 40, three studies had a
mean age of around 50, and one study did not report the age range. Most studies reported
a similar distribution of gender between the groups. Concerning outcomes, seven studies
reported NLR, four reported PLR and RDW, one reported LMR, and no article was iden-
tified to report SII

3.3. Results of Syntheses
3.3.1. Neutrophil to Lymphocyte Ratio

The meta-analysis of seven studies found that the mean NLR was higher by 0.41 (95%
CI 0.12-0.7), p = 0.006, in the periodontitis group compared to the control group (Figure
2). There was a statistically significant heterogeneity, measured with 12 = 86.8% (95% CI
74.9-93%), p = < 0.001. To assess the robustness of the result, we performed a leave-one-
out sensitivity analysis (Supplementary Figure S1). The result remained statistically sig-
nificant after excluding each of the articles included in the meta-analysis. The influence
analysis indicated the Torrungruang [29] study to be influential. When removing the
Torrungruang study [29], the heterogeneity was the lowest, dropping to 62%, as assessed
by 12, while with the removal of any other study, the heterogeneity was greater than or
equal to 81%.



J. Pers. Med. 2022, 12, 992 6 of 13

periodontitis control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Dogan B, 2015 13 323 16600 15 264 24500 e 059 [-0.94;212] 3.1%
Temelli B, 2018 21 289 12100 16 1.81 0.4300 —E— 1.08 [0.52;1.64] 11.7%
Torrungruang K, 2018 1671 1.47 05200 365 1.43 0.5200 + 0.04 [-0.02;0.10] 20.5%
Acharya AB, 2019 30 1.90 0.5000 30 1.86 0.8100 — 0.04 [-0.30;0.38] 16.1%
Lu RF, 2021 372 234 11100 133 1.84 0.8500 - 0.50 [0.32;0.68] 19.1%
Cetin Ezdemir E, 2022 22 222 08500 52 1.91 0.7200 T 0.31 [-0.10;0.72] 14.7%
Mishra S, 2022 108 284 1.1800 40 2.10 1.0800 T 0.74 [0.34;1.14] 14.8%
Random effects model 2237 651 === 0.41 [0.12;0.70] 100.0%
Heterogeneity: I = 87% [75%; 93%], ©° = 0.1062, p < 0.01 I I I ]
Test for overall effect. z =2.77 (p < 0.01) -2 -1 0 1 2
control periodontitis
NLR

Figure 2. Neutrophile to lymphocyte ratio-mean difference between periodontitis and control subjects.

3.3.2. Platelet to Leucocyte Ratio

Four studies analyzed the values of PLR. The meta-analysis found a mean PLR higher
by 1.83 (95% CI-9.38-13.04) in the periodontitis group compared to the control group, but
the result was not statistically significant, p = 0.749 (Figure 3). There was a statistically
significant heterogeneity, measured with I2 = 83.1% (95% CI 56.9-93.4%), p = < 0.001. To
assess the robustness of the result, we performed a leave-one-out sensitivity analysis (Sup-
plementary Figure S2). The influence analysis indicated the Torrungruang study [29] to
be influential. When removing the Torrungruang study [29], the result became statistically
significant, and the heterogeneity dropped to 0%, as assessed by 12. When removing any
other study, the pooled estimate did not reach statistical significance.

periodontitis control

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Torrungruang K, 2018 1671 116.98 36.9500 365 127.67 41.3800 - | -10.69 [-15.29;-6.09] 33.8%
Acharya AB, 2019 30 121.08 435800 30 111.60 37.3600 — 9.48 [-11.06; 30.02] 16.3%
Lu RF, 2021 372 13223 454800 133 12582 424100 -+ 6.41 [-2.15;14.97] 29.6%
Mishra S, 2022 108 143.98 59.0000 40 134.16 38.5300 —— 982 [-6.50;26.14] 20.4%
Random eﬁeczts model 2181 , 568 | : l*{.l.:}l- | . 1.83 [-9.38; 13.04] 100.0%
Heterogeneity: I = 83% [S7%, 93%], T =91.4164, p < 0.01

Test for overall effect: z = 0.32 (p = 0.75) -30 -20 <10 0 10 20 30

control periodontitis
PLR

Figure 3. Platelet to leucocyte ratio-mean difference between periodontitis and control subjects.

3.3.3. Lymphocyte to Monocyte Ratio

The mean LMR was lower in the periodontitis group compared to the control group
(mean difference of 2.05 (95% CI 0.27-3.83), p = 0.024, as observed in one study, Mishra et
al. [26]) (Figure 4).

periodontitis control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl
Mishra S, 2022 108 7.26 49800 40 9.31 4.8800 —I-'I—I — -2.05 [-3.83,-0.27]

I I I

32101 2 3
control periodontitis
LMR

Figure 4. Lymphocyte to monocyte ratio -mean difference between periodontitis and control subjects.
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3.3.4. Red Cell Distribution Width

The meta-analysis of four studies that assessed RDW observed that its mean values
were higher by 0.1 (95% CI —0.63-0.84) in the periodontitis group compared to the control
group, but the result was not significant, p = 0.782 (Figure 5). There was a statistically
significant heterogeneity, measured with 12 = 78.1% (95% CI 40.9-91.9%), p = 0.003. To
assess the robustness of the result, we performed a leave-one-out sensitivity analysis (Sup-
plementary Figure S3). The influence analysis indicated the Temelli B et al. study [28] to
be influential. When removing the Temelli study [28], the result did not reach the signifi-
cance level, although the heterogeneity dropped to 30%. In the case of any other study
removal, the heterogeneity was greater than or equal to 81%.

periodontitis control

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Anand PS, 2014 64 15.27 1.4400 58 15.16 1.0700 —‘-— 0.11 [-0.34;0.56] 27.4%
Temelli B, 2018 21 1521 08100 16 13.91 1.5100 i 1.30 [048/2.12] 222%
Ustaoglu G, 2020 57 14.80 1.8800 57 15.20 1.5100 — 1 -0.40 [-1.03;0.23] 25.0%
Sridharan S, 2021 20 13.27 1.0000 20 13.72 0.9200 —t -0.45 [-1.05;0.15] 25.4%
Random effec}s model 162 ., 151 ¢" 0.10 [-0.63; 0.84] 100.0%
Heterogeneity: 1 = 78% [41%; 92%], T° = 0.4652, p < 0.01 J I ! I

Test for overall effect: z = 0.28 (p = 0.78) -2 -1 0 1 2

control periodontitis
RDW

Figure 5. Red cell distribution width-mean difference between periodontitis and control subjects.

3.4. Risk of Bias in Studies

We used the Newcastle Ottawa scale (NOS) [16] to assess the methodological quality
of the included studies (Table 2). For the objective of our review, we used the case-control
subsection of the NOS.

Table 2. Newcastle Ottawa Scale quality assessment of the selected articles.

Autlllfx:)?it:tlfr of Cases DA Cases R Controls S Controls D Ccoarllst::s n(cjl . Cﬁiifjlzrzi «+ NRR
Acharya AB, 2019 [7] * * p * . .
Anand PS, 2014 [23] * * ? * ; . . .
Cetin Ozdemir E, 2022 [1] * ? * ‘ * * "
Dogan B, 2015 [24] * * * i * - "
Lu RF, 2021 [25] * ? * + * * *
Mishra S, 2022 [26] * ? * P . " ”
Sridharan S, 2021 [27] * * A (age, gender) ¥ * *
Temelli, B, 2018 [28] * * * * # * * *
Torrungruang K, 2018 [29] * ? * i * * *
* ? * # * * *

Ustaoglu G, 2020 [2]

DA-definition adequacy; R-representativeness; D-definition; EA-exposure ascertainment; A-ascer-
tainment; *-according to design or analysis; *-same method; *-matched for the variables in the
brackets; NRR-non-response rate; *-fulfilled criteria; ?-unclear criteria; #-extensive exclusion criteria.

Regarding the selection section of the NOS scale, all the studies used pre-defined,
transparent criteria to identify the presence of the disease (chronic periodontitis or aggres-
sive periodontitis) and controls; thus, the case and control definitions were adequate. Nev-
ertheless, the authors of the studies used different criteria to identify the disease according
to official classifications (Periodontal Disease Classification, American Association of Per-
iodontology 1999-three studies [23,25,28]; Classification of Periodontal and Peri-Implant
Diseases and Conditions 2017-four studies [1,2,26,27]; Center of Disease Control and
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Prevention, American Academy of Periodontology Periodontal Disease Classification
CDC/AAP-one study [29]), or no specified classification [7,24]. Only two studies (20%) out
of ten had clear representativeness of the cases [23,28]. Two studies had a poor selection
of controls [7,27], and two studies had a correct selection of controls. For the other six, it
might be difficult to assess if the selection of controls was correct. Half of the studies en-
rolled subjects from the department of periodontology [1,2,7,23,26]; the other studies en-
rolled subjects from the internal medicine [28] or cardiology departments [24], or from an
electrical company [29], and in two studies, the population was not stated [25,27].

Concerning comparability, only one study used matching for age and gender [27],
and all the other studies performed a simple comparison between cases and controls. Nev-
ertheless, all the studies used extensive exclusion criteria for systemic diseases, which help
in group comparability. A problem in comparability might be the smoking status, as four
studies had a percentage under 25% of smokers or occasional smokers [25,27,28].

All research can be regarded as bias-free when it comes to assessing blood parame-
ters since the laboratory methods used were reliable, the same methods for cases and con-
trols were used, and there was no non-response rate.

The biggest issue in the methodology of these studies is the representativeness of the
cases. The possible problem with control selection, as well as the comparability of the
groups, appears to be less affected.

3.5. Reporting Biases

Since the number of studies in each meta-analysis was below ten, publication bias
could not be reliably assessed. Nevertheless, the p-values for the Egger test for assessing
publication bias were greater than the level of significance.

4. Discussion

This is the first systematic review and meta-analysis, to our knowledge, investigating
the association between blood cell count inflammatory biomarkers and periodontitis. Per-
iodontitis was found to have a statistically significant relationship with NLR and LMR, a
debatable association with PLR, and RDW did not approach the significance level.

The neutrophil to lymphocyte ratio and platelet to lymphocyte ratio are two bi-
omarkers of systemic inflammation that have increasingly gained interest in the diagnosis
of a variety of cardiovascular diseases [30-32], diabetes [33-35], inflammatory diseases
[36,37], and malignancies [38,39]. In our review, we found higher mean values of NLR in
periodontitis patients compared to healthy controls. Although there was an important
heterogeneity, the result was robust even when performing the leave-one-out sensitivity
analyses. Furthermore, a prospective study by Acharya et al. [7] objectivated the reduction
of NLR and PLR levels after scaling and root planing.

Concerning PLR, the initial analysis did not reach statistical significance, but after the
removal of the statistically influential study of Torrungruang et al. [29], the result became
statistically significant and without heterogeneity. Twenty-five percent of the subjects in this
study were with impaired glucose tolerance or diabetes, while all the other studies that re-
ported PLR were free of systemic diseases; thus, this exclusion is likely to be warranted.

Little is known-and remains unknown-about the association between LMR and peri-
odontitis, which could serve as a possible marker of systemic inflammation as well as aid
in diagnosing and predicting the prognosis of periodontitis. Only one study reported the
association between periodontitis and LMR, and it proved to be statistically significant,
with higher values being observed in the periodontitis group.

Several studies found a link between periodontal disorders and low erythrocyte
count, implying that periodontal diseases could be linked to chronic anemia [40,41]. RDW
has also been linked to inflammatory markers, including erythrocyte sedimentation rate
and high-sensitivity C-reactive protein, which have both been linked to periodontitis [42].
In our meta-analysis, we could not objectivate a statistically significant association
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between RDW and periodontitis, the results being heterogeneous, with studies showing
conflicting results concerning the direction of the association.

Leite et al., in a systematic review and meta-regression, studied the effect of smoking on
periodontitis and showed that periodontitis is aggravated by smoking [43]. Larvin et al. used
a unique artificial intelligence-based network analysis to identify systemic multimorbidity
clusters in subjects with periodontitis and analyzed factors that may influence the severity of
those clusters. The authors stated that hypertension, arthritis, and obesity had the largest im-
pact on multimorbidity clusters in subjects with periodontitis, and diabetes was more preva-
lent in those who had experienced a greater degree of clinical attachment loss. they also
showed that in adults with severe periodontitis, smoking status influenced the clustering pat-
tern of diabetes and cancer [44]. The authors of the chosen studies from our systematic review
and meta-analysis evaluated the smoking status in different ways: the authors Acharya AB et
al. [7] and Lu RF et al. [25] did not discuss smoking. Cetin Ozdemir E et al. [1], Mishra S et al.
[26], and Ustaoglu G et al. [2] studied non-smoking subjects; thus smoking was excluded as a
confounder. In the study of Dogan B et al. [24], almost the entire population consisted of non-
smokers, and therefore, the results were interpreted as independent of the effects of smoking.
The authors Anand PS et al. [23] discussed smoking, and they performed a logistic regression
model adjusted for age, gender, smoking, and body mass index. Sridharan S et al. [27] and
Temelli B at al. [28] discussed smoking and found no significant differences between smokers
and non-smokers. Torrungruang K et al. [29] discussed the smoking status and did not show
the relation between periodontitis and the biomarkers of interest.

Michaud et al., in a review, showed that periodontitis is common in adults, and it
worsens with age [45]. Ciesielska et al., in a narrative review, showed that menopausal
women have a higher risk of periodontal disease [46]. In the publications selected in our
review and meta-analysis, the authors Cetin Ozdemir et al. [1] showed that the mean age
of the individuals in the periodontitis group was higher than the other groups, and gender
was significantly different. Dogan B et al. revealed a higher proportion of females in the
risk factor groups and a higher age [24]. Sridharan S et al. showed that age was signifi-
cantly related to red cell distribution width, but not gender [27]. Temelli B et al. found
only age differences among groups [28]. No significant differences in age and gender dis-
tribution between the groups were found by Lu RF et al. [25], Mishra S et al. [26],
Torrungruang K et al. [29], or Ustaoglu G et al. [2].

Our pooled results ring a bell, paving the way for future studies that could identify
viable strategies for evaluating blood cell count inflammatory biomarkers for diagnostic,
prognostic, and therapeutic management. Moreover, this study emphasizes that perio-
dontitis has a repercussive potential upon systemic inflammation, being a response to
bacterial infection.

4.1. Limitations and Strengths

There are several limitations of our study as well as of the included studies. The ob-
servational nature of the studies precludes any cause and effect relationship affirmations.
This is further limited by the fact many of the studies were cross-sectional, a design that
cannot assess the directional relation between the inflammatory biomarkers and perio-
dontitis. Only one study assessed the effects of periodontal treatment on NLR and PLR
that significantly lowered their values. There was a high heterogeneity between the results
of the studies. To check the robustness of our results, we performed leave-one-out sensi-
tivity analyses, and NLR results resisted. Furthermore, PLR became statistically signifi-
cant after the removal of one study that had other comorbidities, and the heterogeneity
dropped to 0. Nevertheless, for RDW, the heterogeneity remained important. For several
of the outcomes, we found only a few studies to support our meta-analyses since the lit-
erature is still emerging on this topic. Concerning the methodological quality, the selected
studies had two more relevant drawbacks: the representativeness of the cases was prob-
lematic since many studies did not report if all the cases in the accessible population were
included in their research, and the reporting of the selection of controls, whether derived
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from the same population as the cases, was lacking in several studies. Nevertheless, the
other quality criteria were fulfilled. Although the majority of the studies reported the clas-
sification system used to diagnose periodontitis, there was some heterogeneity between
them regarding the type or the year of classification. Nevertheless, the systems used are
from trusted authorities on the subject.

4.2. Study Strengths

The study’s key strength is that it primarily assessed four commonly viable non-in-
vasive biomarkers that may be easily used in a clinical context. To the best of our
knowledge, this is the first systematic review and meta-analysis on this emerging topic.
Our search technique was thorough and included many medical databases, allowing us
to explore the link in a systematic manner across a wide range of populations, resulting
in more generalizable findings. Furthermore, the review has a robust methodology and
uses a solid approach that includes sensitivity analyses and quality assessments of the
selected publications.

4.3. Implications for Practice and Future Research

These inflammatory markers could be included as potential parameters to assess the
impact of periodontitis on systemic health, adding to the burden of other inflammation-
generating diseases. Furthermore, they could be used as prognostic markers for the evo-
lution of the disease and the treatment efficiency assessment on a systemic level. Moreo-
ver, it would be possible to employ the inflammatory markers in a way that uses stand-
ardized values to allow for consistent periodontal disease diagnosis and severity grading.
Through the creation and utilization of biological instruments to make a diagnosis and
evaluate treatment outcomes, this method will serve as a key step toward the medicaliza-
tion of periodontics and dentistry [47].

To gain evidence in these directions, future prospective designed studies should be
endeavored.

If their role is confirmed, clinicians could better classify and monitor the disease pro-
gression and treatment efficiency with these inflammatory markers.

5. Conclusions

Our systematic review and meta-analysis found an association between NLR, LMR, and
PLR and periodontitis, but not for RDW. Thus, these ratios might be thought of as emerging
blood cell count inflammatory biomarkers that could shed light on the link between periodon-
titis and systemic disbalances, as well as for periodontitis prognosis and grading. However,
because the methodological quality of the evaluated research is imperfect, the results should
be used with care. Further prospective design studies are warranted.
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within the original articles.
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Abstract: This study aims at evaluating and categorizing patients” objective and subjective postoper-
ative recovery symptoms after bimaxillary orthognathic surgery assigning the healing process. The
patients were monitored throughout the recovery process, and their symptoms were managed. A
prospective, observational study was performed. Patients with Class II and III malocclusion (aged 18
to 35) were evaluated and monitored preoperatively, and postoperatively at 48 h, 2 weeks, 1 month,
and 3 months postsurgery. A questionnaire was used to assess pain and anesthesia/hypoesthesia.
The most common objective and subjective signs that were correlated with the healing process were
edema, hematoma, trismus, pain, and anesthesia/hypoesthesia. Edema peaked at 48-72 h postopera-
tively (distance between eye’s external canthus and gonion, mean difference = 4.53, between tragus
and cheilion, mean difference = 7, between tragus and gnathion, mean difference = 4.65, p < 0.001);
mouth opening amplitude was significantly decreased during the first two weeks postsurgery (class
II, mean difference = 32.42, p = 0.006, class III, mean difference = 44.57, p < 0.001), but it steadily
and considerably improved over three months. The nose tended to widen postsurgery. The most
severe pain experienced by patients was of medium intensity in the mandibular body, described
as pressure, and usually did not spread. Patients were most severely and persistently impacted by
anesthesia/hypoesthesia.

Keywords: orthognathic surgery; edema; trismus; pain; anesthesia; hypoesthesia; recovery after surgery

1. Introduction

Anomalies of the craniomaxillofacial complex are the expression of changes occurring
in the growth and development of various segments of the neurocranium or viscerocranium
during the intrauterine period and throughout the entire somatic development. They can
be visible at birth due to the suffering of the embryo during intrauterine life, but they can
also appear during life through the action of different etiological factors, whereas dental
anomalies are defined by any form of interruption of the eruption process of a tooth germ
from its initial position of development in the alveolar bone into its functional position, of
the oral cavity [1]. Individuals with extensive malocclusion have much worse mastication
function, aesthetics, general oral health, periodontal disease, and general self-esteem, all of
which can be treated through orthognathic surgery and consecutive specific treatments [2].
By properly planning and carrying out precise orthodontic planning, intraoperative surgical
procedures, and postoperative procedures, long-term three-dimensionally stable occlusion
results can be attained [3].

The correct repositioning of the maxilla, mandible, or even both can be accomplished
through orthognathic surgery [4]. The most common surgical procedure in the maxilla is
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the LeFort I osteotomy (a low horizontal maxillary osteotomy). It allows for 3D movements
of the maxilla, including translational and rotational displacements, and even transver-
sal deficit correction when multisegmental osteotomies are employed [5,6]. Often, it is
indicated in conjunction with the bilateral sagittal split osteotomy (BSSO), the most used
orthognathic technique in the mandible for correcting Class II or III malocclusion and
other discrepancies. The BSSO osteotomy splits the ramus and the posterior body of the
mandible sagittaly, which allows for the complex movement of the mandible [7].

Orthognathic surgery may be the best option for treating significant hyperdivergent
Class II skeletal malocclusions in mature individuals [8]. The lower-jaw strategy has
replaced the maxilla-first technique in some situations as the preferred method of therapy
for bimaxillary orthognathic surgery due to the development of robust screw stabilization
and the need to avoid any potential inaccuracies that can occur throughout the initial
occlusal recording [9]. After Class II and III surgical orthognathic procedures, considerable
intended vertically mandible alterations are accomplished. Some degree of relapse was
observed from a vertical point of view with these patients over the long term [10].

Congenital and acquired dentofacial abnormalities are routinely treated with orthog-
nathic surgery; hence, the appearance of every facial feature, such as the nose, is impacted
through any surgical intervention performed to alter or restore facial characteristics [11].
Since orthognathic surgery procedures are accompanied by swelling, pain, and peripheral
nerve abnormalities following orthognathic surgery, low-level laser therapy was helpful in
reducing discomfort, edema, and neurosensory disturbances involving the inferior alveolar
nerve [12]. Although it had no effect on peripheral nerve abnormalities, supplying corticos-
teroids after orthognathic surgery enhanced the reduction in face edema [13]. Hilotherapy,
which involves using a face mask to apply cool pressure at a controlled temperature, was
linked with considerable decreases in postoperative facial pain and edema [14]. In lowering
postsurgical edema after mandible orthognathic surgery, photobiomodulation treatment
was the most beneficial addition to oral nonsteroidal anti-inflammatory drugs [15].

This study aims at evaluating and classifying the patient’s objective and subjective
postoperative recovery symptoms after bimaxillary orthognathic surgery into stabilizing
parameters and assigning the healing process, monitoring parameters over time during
checkup visits for persistence, amplification, or symptom relief, observing changes through-
out the course of the recovery process, classifying relevant data into predicable categories
that enable patients’ symptoms to be better understood in terms of their nature, sever-
ity, and duration, determining if there is a correlation between the severity of remission
symptoms and signs evolving over time in patients who presented with a Class II or III
malocclusion, and observing changes in the recovery process. This information is extremely
valuable to practitioners because it allows for them to not only provide more accurate data
to their patients, but also to develop strategies aimed at reducing their patients” discomfort.

2. Materials and Methods

A prospective, observational study was performed between July and September
2021. The study was approved by the ethics committee of the University of Medicine
and Pharmacy in Cluj-Napoca (approval number 248/30.06.2021). A three-month study
was conducted. Each patient was informed on the study protocol, the procedures for
collecting the necessary data for the study, the time frame for completion, and the number
of assessments the evaluator was required to complete. By filling out and signing the
legal paperwork addressing the acquisition, processing, storage, and privacy protection of
personal data, patients gave their informed consent to participate in the study. For each
patient, a file was created with the qualitative data provided by the patient and recorded in
their evaluation form before surgery at 48 h, 2 weeks, and 1 and 3 months after surgery
combined with the objective information determined by the evaluator at the following time
intervals: preoperatively, and postoperatively at 48 h, 2 weeks, 1 month, and 3 months.

Patients needing bimaxillary orthognathic surgery (LeFort I and BSSO—Epker Tech-
nique) were included in the present study. Patients with malocclusions that did not involve
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orthognathic surgery and those who had only undergone monomaxillary or segmental
surgery were excluded.

Five parameters were evaluated: three objective and two subjective. The three main
objective parameters that were evaluated were edema, mouth opening amplitude, and
nose width, whereas pain and anesthesia/hypoesthesia were the two subjective evaluated
parameters. A digital caliper and ruler were used as the measuring tools to ascertain and
quantify the objective data, and all the results were recorded in millimeters. Subjective data
were collected using a nonvalidated operator-assisted survey that included questions on
all relevant parameters of interest.

The objective parameter of edema was defined as the distance between the external
canthus, gonion, tragus, cheilion, and gnathion of the eye, and was measured with a
flexible ruler. Three distances were established between these points: distance AB (between
the eye’s external canthus and gonion), distance CD (between tragus and cheilion), and
distance CE ((between tragus and gnathion) (Figure 1).

Figure 1. Edema measurement. Distance AB (between the eye’s external canthus and gonion),
distance CD (between tragus and cheilion), and distance CE (between tragus and gnathion).

The mouth’s opening was measured with a digital caliper, and the quantitative value
(length) of the mandibular path was calculated. At the maximal opening, the distance
between the right central upper incisor’s incisal edge and a tangent to the lower right
central incisor’s incisal edge was measured (Figure 2).

Figure 2. Mouth opening measurement.

The nose’s width indicates soft-tissue changes after the surgery. It was examined with
the use of the digital caliper. Anthropometric points alare, the most external point of the
nose’s wings, the distance between the insertions of the nasal fins, and the diameter of the
left and right nostrils were all measured (Figure 3).
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Figure 3. Nose width measurement.

A self-developed, nonvalidated questionnaire based on previous research was used
to assess pain [16,17]. The survey inquired about the affected region, the degree of pain
as judged by the patient using a numerical rating scale ranging from 0 to 10 (where 0
represented no pain and 10 represented pains felt to the greatest extent possible), the
type of pain (which was classified as pressure, pulsating, stabbing, flashing, tingling, or
twitching), and whether pain extended to other structures.

Anesthesia/hypoesthesia was investigated because the elongation of the inferior alve-
olar nerve branches occurs during the BSSO via bone segment manipulation. It was graded
on a scale from 1 to 5, where 1 represented an unmodified tactile experience, 2 slightly
modified, 3 moderate sensation, 4 almost absent, and 5 was the absence of tactile sensa-
tion. Statistical analysis was performed using GraphPad Prism software, version 8. The
Shapiro-Wilk test was used to determine the normality of the data distribution for continu-
ous quantitative data; a p-value of <0.05 suggested a normal distribution. The variables
were investigated according to how they fluctuated over time (both before surgery and
at different postoperative intervals); consequently, they were considered to be dependent
variables. The ANOVA test was employed for the analysis of more than two groups in
accordance with a single independent variable (the time variable). The Bonferroni post hoc
test was used for comparison between pairs of groups. A two-way ANOVA test was used
for the study of more than two groups with two independent variables (time variable and
skeletal class). The Tukey test was used to compare the group means when there was a
statistically significant association between the time variable and the continuous dependent
variable. The between-group analysis of ordinal and nominal quantitative variables was
conducted using the Friedman test. When comparing groups, Dunn’s mean rank test was
used if the test had statistical significance. The tests were considered to be statistically
significant with an error threshold of 5% (p-value < 0.05).

3. Results

A total of 13 patients were examined (five males and eight females). Patients ranged
in age from 18 to 35 years old, were of both sexes, and had dentomaxillary Class II and III
malocclusion types (Table 1).

All continuous variables considered for the objective parameter edema were con-
sidered to be normally distributed (Shapiro-Wilk p > 0.05), and there were statistically
significant differences between time intervals for all dimensions measured. The ANOVA
test yielded a p < 0.001 value between the AB points (eye’s external canthus and go-
nion), and the assessment among groups revealed a statistically significant difference
between the preoperative and 48 h postoperative groups (p < 0.001, mean difference = 4.53),
48 h postoperative and 2 weeks postoperative (p < 0.001, mean difference = 3.77), 48 h and
1 month postoperative (p < 0.001, mean difference = 4.46), and between 48 h and 3 months
postoperative (p < 0.001, mean difference = 4.46) (Figure 4).



Int. |. Environ. Res. Public Health 2022, 19, 16028 50f 14

Table 1. Patient characteristics.

Number Age Sex Skeletal Class
1 18 Female 111
2 29 Female III
3 29 Female 1I
4 27 Female I
5 24 Male 11
6 22 Male III
7 28 Female I
8 22 Male 111
9 30 Female 1I

10 25 Female I
11 29 Male 11T
12 21 Female III
13 35 Male III
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Figure 4. Edema assessment, AB distance.

For the CD distance (between tragus and cheilion), the ANOVA test had a value of
p = 0.008, and the analysis between groups revealed a statistically significant difference
between the preoperative and 48 h postoperative groups (p < 0.001, mean difference =7),
48 h postoperative and 2 weeks postoperative (p = 0.002, mean difference = 3.76), 48 h and
1 month postoperative (p = 0.006, mean difference = 5.61) and between 48 h and 3 months
postoperative (p = 0.006, mean difference = 6.15) (Figure 5).
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Figure 5. Edema assessment, CD distance.

For the CE distance (between tragus and gnathion), the ANOVA test had a value of
p = 0.003, and the analysis between groups revealed a statistically significant difference
between the preoperative and 48 h postoperative groups (p < 0.001, mean difference = 8.23),
48 h and 2 weeks postoperative (p < 0.001, mean difference = 4.65), 48 h postoperative and
1 month postoperative (p < 0.001, mean difference = 5.07), between 48 h and 3 months
postoperative (p < 0.001, difference means = 6.53), and between 2 weeks and 3 months
postoperative (p = 0.02, mean difference = 1.88) (Figure 6).
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Figure 6. Edema assessment, CE distance.

A two-way ANOVA test was used to analyze the mouth opening amplitude data
that included, in addition to the moment of determination, the skeletal class (I or III).
Taking the time variable into account, skeletal class had no effect on the amplitude of
the mouth opening (p = 0.44). The time of determination had a significant impact on
the results, with a statistically significant difference between the groups (p < 0.001). The
test between groups was performed for each skeletal class individually. For Class 1,
there were statistically significant differences between preoperative and 2 weeks post-
operative (p = 0.006, mean difference = 32.42), preoperative and 4 weeks postoperative
(p = 0.02, mean difference = 21.75), 2 weeks postoperative and 3 months postoperative
(p = 0.01, mean difference = 24.58) and between 4 weeks postoperative and 3 months
postoperative (p = 0.02, mean difference = 13.92). For Class III, there were also statis-
tically significant differences between all groups. Between preoperative and: 2 weeks
postoperative (p < 0.001, mean difference = 44.57), 4 weeks postoperative (p < 0.001, mean
difference = 28.43) and 3 months postoperative (p = 0.006, mean difference = 11.43). Be-
tween 2 weeks and 4 weeks postoperative (p < 0.001, mean difference = 16.14) and
3 months postoperative (p < 0.001, mean difference = 33.14) and between 4 weeks and
3 months postoperative (p < 0.001, mean difference = 17) (Figure 7).

The mouth’s opening amplitude (mm)
60

511

B preoperative
== 2 weeks postop.
m 4 weekKs postop.

= 3 months postop.

Mean value and standard deviation

Class 2 Class 3
Skeletal class

Figure 7. Mouth’s opening amplitude.

In terms of nose width, for the Alare—Alare distance, both the skeletal class (p = 0.03)
and the time of determination had an influence. When comparing classes, no statistically
significant difference was detected between preoperative and 3 months postoperative
(p = 0.08 for skeletal class II and p = 0.28 for skeletal class III). However, when the skeletal
class was not considered, there was a difference between preoperative and 3 months
postoperative (t-test p = 0.02, difference in means = 1). There was also a statistically
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significant difference (p = 0.04) of 4 mm in the preoperative moment between Skeletal
Classes II and III (Figure 8).

Nose width, Al-Al distance (mm)

I Preoperative

BN 3 months
postoperative

3700 7

Mean value and standard deviation

Class 2 Class 3

Skeletal class

Figure 8. Nose width assessment.

The time of determination (p = 0.91) and skeletal class (p = 0.11) had no statistically
significant influence on the values for the distance between the insertions of the nasal fins.
As a result, the group tests were no longer used (Figure 9).

Nose width, the insertions of the nasal fins (mm)

40 ‘
Bl Preoperative
28.14 2800
30 2492 2547 T ™= 3 months
postoperative

204

104

Mean value and
standard dewiation

Class 2 Class 3

Skeletal class

Figure 9. Nose width assessment, insertions of the nasal fins.

In the case of the width of the nose, for the left nostril, the moment of determination
(p = 0.58) and the skeletal class (p = 0.98) and for the right nostril, class (p = 0.49) and time
of determination (p = 0.48) did not have a statistically significant influence on the values
(Figure 10). Therefore, the group tests were not used.

Nose width, left nostril (mm) Nose width, right nostril (mm)
20 . 20-
- 1“2 Hl Preoperative § B Preoperative
2 1425 . 08 . g 1431 1443
§ 15- Bl 3 months postoperative 3 Bl 3 months postoperative
el

2 <4
2 104 2
: :
E ®
© 5- 2
> ©
: -
= 3

0- =

Class 2 Class 3 cl 2 cl 3
ass ass
Skeletal class
Skeletal class

Figure 10. Nose width assessment, right and left nostrils.

The information gathered for pain evaluation revealed the following data about the
affected area: at 48 h, the following areas were the most affected, in descending order:
pain in the temporomandibular joint—1 patient, toothache—1 patient, and pain of the
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mandibular angle—1 patient. One month after surgery, seven patients reported no pain,
three patients reported pain in the temporomandibular joint, two patients pain in the chin,
and one patient pain in the cheeks. On a scale of 1 to 10, the patients rated the intensity of
their pain as follows: 4 patients gave it a score of, 3 patients gave it a 6, 3 patients gave it a
4, one patient gave it a 5, and 2 did not present pain. One month after surgery, the intensity
score for 3 patients was 2, 5 for 2 patients, 3 for 1 patient, and 0 for the remaining 6 patients.
The Friedman test revealed that the distribution of pain intensity differed significantly
between groups (p = 0.02). Dunn’s test revealed a statistically significant difference in pain
intensity between 48 h and 1 month (p = 0.049) (Figure 11).

Intensity of the pain

Mean value and standard deviation

T T
48 h postop 2 weeks 1 month

The moment of determination

Figure 11. Pain intensity assessment.

The codes observed for the type of pain at 48 h were pressure for 9 of the patients,
pulsating pain for 2 patients, throbbing pain for 1 patient, and no pain for 1 other patient. At
the one-month assessment, three patients described their pain as pulsing, two as tingling,
one as pressure, and one as stabbing. Attempting to assess whether pain extended to
other structures, it was possible to quantify that, at 48 h, only three people reported pain
extending to other areas, and at one month postoperative, only one person reported pain
extending to other regions. There were no statistically significant differences between

groups (Figure 12).
Pain radiation
154
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Il 2 weeks posto
10 10 weeks postop
w 10+ Bl 1 month postop.
8
w
[=]
‘5 5
5 3 3
L
£ 1
=2
= -
Present Absent

Figure 12. Pain radiation.

In the Friedman test, there was a statistically significant difference between the aver-
age values of the ranks of the groups’ values in the presence of anesthesia/hypoesthesia
(p = 0.006). However, Dunn’s test for group comparison revealed no statistically significant
difference between any time points (Figure 13).

We tested the correlation between edema CD and pain intensity at 48 h, 2 weeks. and
1 month using the Spearman rank correlation test. There were no significant correlations
between the variables at any time point. The correlation coefficient (r) was r = 0.41 at 48 h
(p=0.16), r = 0.34 at 2 weeks (p = 0.25), and r = 0.33 at 1 month (p = 0.25).
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Figure 13. Anesthesia, hypoesthesia assessment.

4. Discussion

The present study determined and assessed the most common symptoms associated
with bimaxillary orthognathic surgery. We also found several correlations between the
initial values and the values at different time intervals, the type of dentomaxillary anomaly
and the tendency of changes of the monitored parameters. All three objective parameters
assessed at the facial level showed significant differences in edema between the initial
preoperative values and the postoperative values at 48 h. These differences were obvious
and clinically confirmed during the patient’s examination by the noticeable increase in soft-
tissue volume. Additionally, there were notable changes between the 48 h postoperative
clinical assessment and the assessments at 2 weeks, 1 month, and 3 months, as clinically
reflected by the remission of the inflammatory phenomena from one clinical control to the
next. The edema was minimal at the 3-month postoperative follow-up, close to the initial
values. Kwon et al. found that, at 6 and 21 months following surgery, no considerable
alterations were seen, indicating that postponed soft-tissue modifications do not take place
in patient populations who have undergone surgical procedures after surgically related
facial swelling and edema had subsided, and the hard tissue beneath the soft tissue had
healed [18].

Van der Vlis et al. assessed the volumetric analysis of postoperative edema after orthog-
nathic surgery interventions, quantifying postoperative inflammatory changes and showed
that postoperative edema decreased by 50% of the initial one after the 3rd week, and after
3 months, only 20% of the initial edema remained. The authors concluded that the rapid reso-
lution of facial edema occurred in the first three postoperative weeks, but also its resolution
continued between 6 and 12 months postoperatively [19], which we also encountered.

In the current study, the results were similar to those mentioned above. This study
evaluated edema as the distance between the external canthus, gonion, tragus, cheilion, and
gnathion of the eye. Postoperative edema decreased considerably from one clinical visit
to the next, its value being maximal at the evaluation at 48 h postoperative and minimal
at 3 months. These results are in concordance with the ones reported by Reategui et al.,
who revealed that the majority of facial edema disappeared within the initial month, with a
considerable decline in edema occurring within 6 and 12 months later in patients following
double jaw surgery [20].

Given the noticeable differences in postoperative edema severity among patients
despite relatively similar treatments, it is indisputable that each patient’s unique reactivity
has a considerable influence on this criterion. Furthermore, contrary to expectation, there
was no relationship between the patient’s pain and the degree of edema. The insufficiency
of the relationship between objective and subjective variables highlights the significance of
each patient’s unique perception of pain, which varies while receiving the same treatment
and is thereby not closely associated with any objective parameter assessed.

In terms of mouth opening amplitude, in our study; statistically significant differences
were found between the values measured at the various established clinical controls. The
skeletal class had no effect on the amplitude of mouth opening when the time variable
was considered; however, the time of determination had a significant impact on the results.
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Clinically, there was a significant decrease in mouth opening amplitude at 2 weeks postop-
erative compared to the preoperative value, and a significant increase in mouth opening
amplitude at subsequent clinical assessments. This parameter underlines the importance
of physiotherapy after orthognathic surgery for temporomandibular joint rehabilitation
and for overall patient comfort. Patients reported significant improvements in masticatory
function beginning at two weeks after surgery and continuing for three months. All these
patients underwent a period of presurgical orthodontic treatment aiming to decompensate
the dental anomaly, which translates into poorer-than-before occlusion and masticatory
function. The removal of the surgical splint was performed one month after surgery,
which coincided with a high increase in patient comfort, oral hygiene possibilities, and
masticatory function.

Bai et al. showed that short-term craniofacial function impairment in Skeletal Class III
patients could be caused by orthognathic surgery, and individuals” mouth openings were
less than they had been preoperatively; however, over time, orthognathic surgery lead to
more stable and symmetrical orofacial functions [21]. Meneses-Santos et al. showed the
beneficial effects of low-level laser therapy in maximal mouth opening following orthog-
nathic surgery [22]. Additionally, Joachim et al. observed a reduction in mouth opening
amplitude. The majority of patients’ concerns following orthognathic surgery were nasal
aspect and mouth openness [23]. The small amount of research with which our findings
may be compared shows how little information there is in the literature evaluating opening
amplitude. As a result, it might be regarded as an original feature of the current study.

Alyahya et al. reviewed the literature, and found that pre-emptive analgesics and
low-level laser treatment significantly reduced pain within the first 48 h after orthognathic
surgery, [24]. Opioid use was lower than what was anticipated following the orthognathic
operation, however to prevent prescribing narcotics, prudence is required [25].

In this study, both the skeletal class and the time of determination influenced the
width of the nose. Neither the time of determination nor the skeletal class had a significant
influence on the values for the distance measured between the insertions of the nasal fins
and the nostril diameter. Clinical examination, and a comparison of preoperative and
postoperative photographs at 3 months revealed a widening of the interalar diameter.

Khamashta-Ledezma et al. reviewed the literature to assess nose modifications follow-
ing maxillary orthognathic surgery, and demonstrated the broadening of the nares and the
widening of the alar base after nearly all maxillary osteotomies. The nose width showed
postoperative changes concerning the width of the nose, the exposure of the nostrils, the
orientation of the columella, and the nasolabial angle [26]. van Loon et al. showed that
the anterior translation of the maxilla and its clockwise inclination resulted in a significant
increase in the volume of the upper lip and in the width of the alar portion [27].

The findings of this study confirm the existence of postoperative alterations at the
level of the nose, particularly an increase in its width. These modifications are comparable
to those observed in the previously described studies. A proper surgical strategy must be
adopted if a nose widening is not necessary from a functional or aesthetical point of view.
This might include strategically placed suture points after maxilla repositioning or even
osteotomies at the level of the piriform aperture.

Regarding pain, in our study, the distribution of its intensity differed significantly
between the moments of determination, particularly between the evaluations at 48 h and
1 month postoperative. There were no significant differences in pain radiation between
the groups, and at the end of the study, at the 3-month postoperative evaluation, only
1 patient out of the 13 confirmed the presence of pain radiation. Except for one patient
who described the pain as moderate, the patients at the 3-month postoperative follow-up
showed minimal values on the intensity scale. Most patients described their pain as a
constant pressure in the affected areas.

After the bimaxillary orthognathic procedure, Dadmehr et al. reported that the intro-
duction of oral tizanidine was successful in lowering postoperative soreness [28]. Following
orthognathic surgery, acute chronic postoperatively pain can be predicted using the pain
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catastrophizing scale and presurgical conditioned pain modulation [29]. In the current study,
at the 48 h postoperative evaluation of the intensity rating scale, the highest value was 6, and
at the 3-month follow-up, the presence of pain and intensity was minimal (below 3 on the
intensity scale) except for one patient who scored the felt value as 5 on the intensity scale.

When analyzing the presence of anesthesia/hypoesthesia, there were significant dif-
ferences between the average values of the ranks of the groups’ values, but no significant
differences between the moments of determination. The statistical difference between
the Friedman test, which found a statistically significant difference between the mean
values of the ranks of the group values, and the Dunn test, which found no statistically
significant difference at any time of the determination, is explained by the type of nonpara-
metric tests used and an insufficient number of patients. Clinically, no patient reported
a complete resolution of the neurosensorial phenomenon at the end of the study, with
anesthesia/hypoesthesia present to varying degrees in each patient. Degala et al. showed
that, following orthognathic surgery, the occurrence of a neurosensory impairment of the
lower lip and chin was substantial, this being correlated with the operative expertise and
intraoperative nerve contact, nevertheless, and the frequency of sensory return increased
during the course of the follow-up period [30].

Kim et al. assessed the natural recovery of neurological damage after orthognathic
surgery on the basis of subjective neurological assessment, and showed that sensory
changes occurred in proportions of 55.7% at the chin level and 27.3% at the lip level.
The altered neurosensorial sensation that may develop after orthognathic surgery is an
unavoidable complication, but, with time, this may resolve spontaneously. In patients who
also underwent a simultaneous genioplasty, the incidence of altered sensation was high,
but not significantly associated with the patient’s age or with performing simultaneous
maxillary surgery [31].

Yamamoto et al. evaluated tactile restoration following sagittal split ramus osteotomy,
and explored the association between the degree of neurosensory disturbance and mandible
migration length. They found that the occurrence of a neurosensory disruption in regards
to tactile sensation may be higher in the category with more mandible advancement
immediately postoperative [32].

Schlund et al. described a customized mandibular bilateral sagittal split osteotomy
that protects the mandible lower margin, which causes a neurosensory disruption of the
inferior alveolar nerve, which reduces the likelihood of postoperative hypoesthesia [33].

Hanfesh et al. showed that three months was a sufficient healing duration to fully
re-establish neurological feeling after bilateral sagittal split osteotomy [34].

Thiem et al. observed that long-term difficulties after orthognathic surgery arose when
they assessed intraoperative and early postoperative consequences, delayed outcomes, and
patients” average contentment, with hypoesthesia of the lower lip being an encountered
side effect [35]. However, Ahmad et al. described that following mandible orthognathic
surgery, individuals who experienced lower lip neuropathy showed no negative effects on
their comfort or quality of life [36].

As far as we are aware, no other investigations have simultaneously followed all the
research parameters that were assessed in this research. Even if a similar study has been
performed, the findings from our study are still highly significant and important because
every surgical team has its own treatment regimen and surgical approach, and diverse
populations respond differently to the same surgical procedure.

The current study was carried out in a clinic that treats a sizable number of orthog-
nathic patients annually. Consequently, the team has a richness of experience. The pa-
rameters that were assessed throughout this pilot study and their values may be used to
compare the recovery of patients treated using this protocol with those treated using other
protocols, allowing for the authors and readers from other centers to modify their surgical
approaches for better outcomes, particularly in terms of patient comfort.
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4.1. Limitations and Strengths

The small sample, brief follow-up period, and reliance on the examiner’s objectivity
for the accurate measurements of the monitored parameters were the study’s limitations.

4.2. Implications for Future Research

Given the extensive tissue manipulation involved in these surgical procedures, our
research indicates that the recovery time following surgical interventions to treat dental—-
maxillary anomalies should receive special attention. This is because the recovery process
is complicated and prolonged and incorporates a number of the patients’ objective and
subjective signs. The healing process must be monitored and evaluated to promote proper
and harmonious healing, the remission of inflammatory, nervous, and painful phenomena,
and the avoidance of further complications. The recovery time directly affects the patient’s
quality of life. To increase the power of this clinical trial, it would be necessary to enroll a
larger number of patients in the study, and the monitored parameters need to be followed
for a longer period.

5. Conclusions

The complexity and extent of orthognathic surgery requires an increased awareness
of patients regarding everything that this type of surgery entails, from the aesthetic, func-
tional, and social implications to the extent of the treatment and postoperative care. The
recovery period after orthognathic surgery can last up to six months. During the recovery
period, the most frequently associated objective and subjective signs are edema, hematoma,
mouth opening limitations, pain, anesthesia/hypoesthesia, with edema being maximal at
48-72 h postoperatively. At the three-month postoperative follow-up, the patients showed
minimal values of pain on the intensity scale, with the most common type of pain being
the feeling of continuous pressure. The resolution of the neurosensorial phenomenon was
incomplete at three months after surgery, and present in all patients in different degrees.
After bimaxillary orthognathic surgery, soft-tissue changes occurred with a direct influence
on facial aesthetics. These findings provide valuable insight into the field, helping prac-
titioners in better developing their intra- and postoperative strategies to obtain the best
results and minimize patients” discomfort.
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Abstract: This paper provides an overview on the use of virtual surgical planning (VSP) and point-
of-care 3D printing (POC 3DP) in oral and cranio-maxillofacial (CMF) surgery based on a literature
review. The authors searched PubMed, Web of Science, and Embase to find papers published be-
tween January 2015 and February 2022 in English, which describe human applications of POC 3DP
in CMF surgery, resulting in 63 articles being included. The main review findings were as follows:
most used clinical applications were anatomical models and cutting guides; production took place
in-house or as “in-house —outsourced” workflows; the surgeon alone was involved in POC 3DP in
36 papers; the use of free versus paid planning software was balanced (50.72% vs. 49.27%); average
planning time was 4.44 h; overall operating time decreased and outcomes were favorable, though
evidence-based studies were limited; and finally, the heterogenous cost reports made a comprehen-
sive financial analysis difficult. Overall, the development of in-house 3D printed devices supports
CMF surgery, and encouraging results indicate that the technology has matured considerably.

Keywords: 3D printing; point-of-care; virtual surgical planning; additive manufacturing;
maxillofacial surgery; cranial surgery; in-house 3D printing; hospital-based printing

1. Introduction

The complex anatomy and functionality of the craniofacial structures, together with
the pursuit of the best clinical outcome, demand state-of-the-art, patient-specific treatments.
Though three-dimensional printing (3DP) has been around since 1986, the technology be-
came highly visible once medical researchers began exploring 3DP and its role in personal-
ized medicine [1]. Companies, research facilities, hospital-based 3DP laboratories, or the as-
sociations of the previously mentioned entities produce patient-specific surgical devices for
oral and cranio-maxillofacial (CMF) surgery [2—4]. Externalized virtual surgical planning
(VSP) and 3DP can be considered expensive, with a significant financial impact on the
healthcare system [5]. They are also time-consuming, causing problematic delays for urgent
cases [6]. A universally accepted definition of point-of-care 3DP (POC 3DP) is difficult to
provide; however, literature defines it as the just-in-time creation of 3D printed anatomic
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models, surgical instruments, or other medical devices based on the patient’s imaging data,
either at the place of patient care or in a facility owned by the health care provider [7]. Special
efforts have been made so that surgeons can directly manufacture patient-specific devices
at the POC in order to cope with urgent medical demands and reduce the economic impact
that these technologies have on the healthcare system [8,9].

In medicine, analytic investigations on 3DP are conducted on a wide spectrum of
surgical specialties—orthopedics, spinal surgery, maxillofacial surgery, neurosurgery,
and cardiac surgery —which are, generally, analyzed together [10]. Despite CMF surgery’s
influential role in the development and use of additive technologies, few studies have
focused strictly on the analysis of in-house VSP and 3D printing of this specialty [2,10-16].

This paper aims at providing an overview on the usage of virtual surgical planning
and 3D printing at the point-of-care in CMF surgery based on a review of articles from
three major literature databases. We focused our investigation on the following parame-
ters: clinical applications, infrastructure, the time necessary for planning/printing, operat-
ing time, cost, and outcomes.

2. Materials and Methods
2.1. Information Sources

We structured a search in the electronic databases of PubMed, Web of Science, and
Embase on articles published between January 2015 and February 2022, and performed
the final electronic search on all databases in March 2022.

2.2. Search Strategy

V7]

The following terms were searched: “3D printing”, “three-dimensional printing”,
“additive manufacturing”, “maxillofacial surgery”, “cranial surgery”, “in-house”, and
“hospital printed”, in combination with the Boolean operator “AND”. To find all possible
combinations of papers, we performed twelve separate searches. For the complete search
strategy for PubMed database, see Supplementary Table S1. A manual search of the iden-

tified articles was also conducted.

2.3. Eligibility Criteria

The selection criteria included publications that described the human application of
virtual surgical planning and 3D printing, were released between January 2015 and Feb-
ruary 2022, were available in full text, and were written in the English language. We ex-
cluded papers that had no hospital-based potential, studies on dental applications and
bioprinting, reviews, and duplicates. Manual title and abstract screening were done im-
mediately after electronic filters were applied, thereby eliminating duplicates. Any further
missed duplicates were removed when papers were introduced in Mendeley (Mendeley
Software, London, UK), a bibliographic software used to acquire and arrange all refer-

7 u

ences. Furthermore, we retained titles containing “low-cost”, “entry-level”, “in-office”,
“office-based”, “surgeon driven”, “self-made”, and “open source” so as to not overlook
potential uses in the hospital environment. The selected eligible papers went through a
full-text overview, and we analyzed the ones selected in detail using an Excel evidence

table to report relevant study characteristics.

2.4. Data Collection Process

Data were extracted using a standardized form, which included the following infor-
mation: (1) authors” names and publication year, (2) clinical application, (3) accommoda-
tion of infrastructure, (4) human resources involved, (5) software, (6) hardware and ma-
terials, (7) planning time, (8) production (3DP time), (9) operating room time, (10) cost,
and (11) outcome (Supplementary Table 52).
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3. Results
3.1. Selection of Sources of Evidence

The database search, using the keywords previously mentioned without any filters,
resulted in 4361 papers. After applying electronic database filters (inclusion criteria), we
retained 2651 papers. The manual screening of titles and abstracts resulted in the exclusion
of 2577 articles, leading to 74 eligible articles. Eleven papers were excluded from the anal-
ysis due to reduced or no relevant data referring to POC 3DP. The included studies were
case reports, case series, and technical notes with a retrospective review of relevant data.
No authors clearly described a prospective study design in the selected papers. Finally,
the review included a total of 63 articles. The search strategy is evidenced in Figure 1.

)
- Recordsidentified from: Records removed before
;% Databases (n=4361) screening by electronic filter
= PubMed (n=2005) » | database strategy
= Embase (h=1409) (n=1710)
ﬁ Web of Science (n=947)
— Records excluded
(n=2577)
) - non-CMF application
Records scrasmnad - dental/bioprinting application
(n=2651) - no workflow step done in-house
- reviews
l - duplicates
o Reports sought for retrieval »| Reports notretrieved
£ (n=74) (n=0)
£
@
2
o
w
Reports assessed for eligibility >
(n=74) Reports excluded (n=11)
- reduced or no relevant data on
POC 3DP (n=11)
S
E:
E Studies included in the review
S (n=63)

Figure 1. Schematic representation of the strategy for the selection of final articles.

3.2. Clinical Applications

Anatomical models were the most common patient-specific devices planned and pro-
duced at the point-of-care. These were used for preoperative planning in cases of complex
anatomy, such as arterio-venous malformations, pre-bending osteosynthesis gear (metal
plates, meshes), or pre-forming grafts [6,9,17-36]. The utility of 3D models extended to patient
information and consent, the education of medical staff, quality control, or forensics [37,38].
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Models were followed by cutting/positioning guides that address mandibular and
maxillary reconstructions with the help of vascularized fibula, iliac crest, or scapular
grafts [3,4,19,39-56].

Cranioplasty plates used for cranial reconstructions were commonly produced in the
hospital of treatment either by directly printing molds or by printing the cranial plate tem-
plate based on which a silicon mold is obtained. Polymethylmethacrylate (PMMA) was the
material of choice used for the fabrication of cranial implants through this procedure [57-
62]. Molds were also used for stenting meshes used for orbital reconstructions [53,63—65].

One way to address the in-house production of patient-specific medical devices was
reported by Yang et al. (2020), who designed a prototype of the patient-specific osteosyn-
thesis plate that was sent to engineers who optimized the final product [4]. Implantable
devices with a full in-house workflow are not common but efforts are being made towards
their development. Philipp Honigmann et al. (2018) reported the experimental production
of implantable devices (osteosynthesis plate, cranioplasty plate, midface-zygomatic bone)
with the help of fused filament fabrication technology (FFF)—all with potential in-house
production [66]. A percentual distribution of the in-house clinical applications mentioned
across all articles can be consulted in Figure 2.

B Anatomical models
B Molds

Simulators

Anatomical models , 39%

Clinical applications of in-house digital design
and three-dimensional printing
B Cutting/positioning surgical guides

B Implants (including PEEK or template for PMMA mold)

Osteosynthesis plates

Molds , 15%

. Simulators, 4%
(including PEEK or

template for Osteosynthesis
Cutting/positioning surgical guides, 33% PMMA mold), 7% plates , 2%

Figure 2. In-house 3DP of clinical applications across the studies and their percentual distribution.

3.3. Infrastructure
3.3.1. Housing of Virtual Planning and 3D Printing Infrastructure

The analysis of the data showed inhomogeneous reporting regarding the housing of
planning and 3D printing infrastructure. Some authors mentioned that the process of pro-
duction took place in the treatment facility (hospital 3DP laboratories, radiology-based 3D
printing facilities, information technology departments) or straightforward as “in-house”
[4,6,9,17,18,20,23,25,27,29-38,40,43-56,59-62,64,65,67-71]. Some authors did not clearly
state the accommodation of infrastructure but rather evoked the in-house concept
[19,21,22,39,41,57,72-74]. Others reported planning carried out in the institution of treat-
ment, while printing was outsourced [4,26,28,42,63]. In one case, virtual surgical planning
was undertaken with a commercial provider via videoconferencing, as is usual for other
elective CMF cases. However, instead of being printed by the VSP provider, the resulting
stereolithography file (STL) was downloaded and printed in-house [36]. Finally, papers
also report work carried out in the laboratory/for research purposes, validating the exper-
imental work for potential in-house use [24,58,66,75].



J. Clin. Med. 2022, 11, 6625 5 of 17

3.3.2. Software

The scope of the present section is to give an overview on the software solutions used
for the POC development of medical devices in CMF surgery. We use brand names that
are/can be protected but are not marked with ®. Software solutions, according to the pur-
pose of use, can be classified as segmentation software: e.g., MIMICS Innovation Suite
(Materialise Inc., Leuven, Belgium), 3D Slicer [76], and In Vesalius (CTI Renato Archer,
Campinas, Brazil); planning software: e.g., 3-matic (Materialise Inc., Leuven, Belgium),
Blender (Blender Foundation; Amsterdam, Netherlands), and MeshMixer (Autodesk Inc,
California, USA); or software solutions that can do both, such as the powerful CMF Pro-
Plan (Materialise Inc., Leuven, Belgium).

Some software solutions are easily accessible because they are free (free license or
open-source), which makes them useful for point-of-care facilities with a small budget,
while others are available only with a paid license. In this review, we will not address the
issues surrounding the use of software with or without medical certification, as it is a reg-
ulatory issue. Figure 3 depicts an overview of the software solutions utilized, including
the type of software (open source/free, paid license), the number of quotes for each soft-
ware, and the percentual distribution of free and paid software use.

Names and distribution of used software

. B Open-source/Free(50.72%)
(open-source versus licensed)
B Paid license(49.27 %)

25
20
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5
IIIIIiil11111111111111111
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=

Figure 3. Graphical representation of the used software, number of mentions across the reviewed
articles, and percentual usage distribution of free versus paid software.

While 21 paid license software and only 11 free software were used, a closer look at
the number of times each software was mentioned indicates a balanced ratio between free
and paid versions (50.72% free vs. 49.27% paid). For three software (Ayra, Ikeria SARL,
Sevilla, Spain; Volume Extractor 3.0, i-Plants systems, Iwate, Japan; and
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POLYGONALmeister Ver. 4; UEL Corp., Tokyo, Japan) data on license type were undis-
closed/unavailable online [31,40].

3.3.3. The 3D Printers and Materials Used at Point-of-Care

Printers that use Fused Deposition Modeling (FDM)/Fused Filament Fabrication
(FFF) technology are most used at the point-of-care, likely due to their low price tag. For
models, FDM/FFF techniques use PLA or ABS, while PEEK becomes a valuable option for
implantable devices [3,9,17,20-24,26,28-32,35-38,40,44-51,53,57-59,63,64,66,71-75]. Stere-
olithography, Polyjet/MultiJet/MaterialJet, and Digital light processing use resins/photo-
polymers [3,6,18,19,24,33-35,37,39-41,51,52,54-56,59-62,65,67-70]. ColorJet(CJP)/Binder
jetting (BJ) printing involves two major components—a core (powder) and a liquid binder
[25,55]. These technologies are recognized for their high accuracy, biocompatibility, and
sterilization tolerance. Selective laser sintering/melting (SLS/SLM) use powders (polyam-
ide 12 or titanium) to create the final products [4,28,42].

Figure 4 provides information on 3D printing techniques and frequency of use. Some
printing techniques are only mentioned as being part of an in-house process (design car-
ried out in-house with outsourced printing), as they are not yet widely accessible for hos-
pital use (marked with ”7**”) [4,28].

Fused filament fabrication (FFF) Fused deposition modeling (FDM)*, 39 2 ), 2 (SLM)**,1  (DLP), 1

Types of printing technologies used

Fused filament fabrication (FFF) Fused deposition modeling (FDM)*
Stereolithography (SLA)

PolyJet /MultiJet/Materiallet

Selective laser sintering (SLS)**

ColorJet printing (CJP)/Binderlet(BJ)

Selective laser melting (SLM)**

Digital light processing (DLP)

Polylet

/MultiJet/Materiallet,
Stereolithography (SLA), 14 9

Selective laser Colorlet printing | ==l L

sintering (SLS)**, | (CJP)/BinderJet(BJ rr:::t.i;g proll':se::ing

%17

Figure 4. Printing technologies used across the studies ("*” —the same technology; ”**” —described
as being part of an in-house process but not yet widely accessible for hospital use).

3.4. Human Resources Involvement

The human resources involved in the process of 3D printing at the point-of-care in a
CMF surgery department refer to: the surgeon alone (thirty-six papers), surgeon and ra-
diologist (five papers), surgeon and information technology specialist/bioengineer (six pa-
pers), radiologist and technician (two papers), radiologist alone (one paper), and techni-
cian alone (one paper). The rest of the papers had no reference to the human resources
involved. No reference was encountered concerning who performs administrative tasks,
such as the acquisitions of computers, software, consumable materials, or maintenance.
Clear details regarding who carries out the printing and post-processing work are also
overlooked in the reviewed articles.
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3.5. Time Management for in-House 3DP Products
3.5.1. Planning Time

Planning time was mentioned in 31 of the 63 evaluated papers. Reports were made
in minutes, hours, or days, either as intervals or as an average. Where time intervals were
given, the average was calculated. All reports were transformed into hours. The average
planning time reported in the 31 papers was 4.44 h, covering segmentation and actual
virtual planning. One of the shortest reported planning times was 0.25 h, Evins et al. (2018)
needed an average of 14.6 min of virtual planning (from CT data import to printing initi-
ation) for FDM-produced craniofacial prosthesis and molds [58]. The longest average
planning time reported was 30 h, due to the production of customized surgical mandibu-
lar/fibula osteotomy guides [40]. The hours of planning can span over a few days, as of-
tentimes surgeons perform this work in their spare time. The rest of the papers did not
mention the time spent on planning or were limited to mentioning that the fabrication
process took only a few hours, without clear numbers to support their report [28,44]. Other
authors focused on reporting the entire production time without making separate time
reports on virtual planning, 3D printing, and post-processing [31,35,49,55,60].

Planning time depended on the complexity of the intervention or the necessary learn-
ing curve to become accustomed to the software capabilities. Zavattero et al. (2020) needed
6 months to become accustomed to the software [39,48]. Planning time was influenced by
the type of software used. Professional software requires less time, while nonprofessional
software planning took almost double the time, due to the learning curve and user-friend-
liness of professional software [24].

3.5.2. Three-Dimensional Printing Time

Actual printing times can range from a few hours to multiple days, as it depends on
the printing technique, size, complexity, and number of printed parts [37]. Otherwise, the
printing process is automated and does not necessarily require human supervision [26].

Because of multiple printing techniques and applications, as well as the inhomoge-
neous way authors reported printing time, the data were summarized based on the most
common techniques and applications used at the point-of-care. Reports were made in
minutes and hours, as time intervals or as averages; where time intervals were given, the
average was calculated in hours.

Using FDM/FFF technique, mandibular/maxillary models and cutting guides taken
altogether needed an average printing time of 7.8 h [3,9,20,21,23,29,45-49,51,53,75].
Molds/cranial plates took an average printing time of 3—4 h [57,58,72], while an orbital
model claimed 24 h (considering printer booting, setting the machine, printing, removing
support, and cleaning the piece) [24]. Other applications, such as in-house-made complex
head models for preoperative patient education and consultation, surgical planning, and
resident training took longer printing times, around 48 h [38]. To obtain a general view of
the FDM printing time, Bergeron et al., reported a mean printing time of 7.9 h for clinical
applications, such as anatomical models of the cranium, mandible, and orbit, with the
printing phase time per model ranging from 2 h 36 min to 26 h 54 min [36].

With the help of SLA technology, authors reported printing cranial plate molds in an
average printing time of 6.8 h, with times ranging from 3-5 h for the template ring, 5-8 h
for the template mold in the case of the “springform” technique cranioplasty, and up to
10 h for the classical type of cranial plate mold [59,62]. A temporal bone model used as a
simulator was printed in 7 h [67], orbital models and molds for orbital implant pre-bend-
ing were printed in 11.5 h [65], while mandibular and fibula cutting/positioning guides
were printed in an average of 2.52 h [3,51,56].

Few of the remaining printing techniques had reports on printing time but to disclose
some of them, we will mention three examples: models of arteriovenous malformations
were printed in an average of 9 h (6-12 h) by Poly]Jet technique, an orbital floor model was
printed with the help of MultiJet Printing in 18 h, and a mandibular model was printed
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with ColorJet Printing in 4.5 h (270 min) and used for reconstruction plate pre-bending
[18,24,25].

The shortest reported printing time referred to a mandibular model that was printed
using DLP technology in 1 h, with 30 min of post-processing. However, the authors men-
tioned that this was a prototype printer unavailable to most clinicians and with a substan-
tial price. They suggested that printing the same part with SLA technology would take
around 5 to 7 h [6]

Post-processing can be manual or semi-automatic, as it involves —depending on tech-
nique —the removal of the support material, sandblasting, light curing, washing, and ster-
ilization. Post-processing is an important part of the production chain but few authors
mentioned the necessary amount of time for this process with reports varying from 30
min to 2 h [6,20,46,51,52,67].

3.5.3. Operating Time

In the evaluated papers, the assessment of surgical time regarding procedures that
involved point-of-care 3D planning/printing is heterogenic but most state time reduction.
We can split the papers into three major categories.

The first and most relevant category refers to papers that reported reduced OR time,
backed up by numbers and statistics based on comparisons made between the interven-
tion group (on which the point-of-care 3D printing application was used) and the conven-
tional group [6,18,30,31,35,42]. To exemplify, Weinstock et al. (2015) reported that the sur-
gical time (from initial incision to closure) was 12% faster in the two cases of arterio-ve-
nous malformations that used 3D models (on average, approximately 30 min faster with
3D models; non-model cases 285 and 288 min, 3D model cases 254 and 257 min, respec-
tively) [18]. Ganry et al. (2017), using fibula cutting guides planned in-house and printed
outsourced, reported that the surgical procedure time was reduced by 1.5 h on average
[42]. Marschall et al. (2019) printed reduced mandible models of trauma patients for plate
pre-bending and claimed that OR treatment time was 1.5 h versus an approximate time of
2.25 h for traditional open reduction and internal fixation (ORIF) [6]. Using 3D printed
anatomical models of the mirrored orbit for the pre-bending of orbital meshes, Sigron et
al. (2021) calculated that the mean duration of the surgery was significantly reduced by
35.9 min in the intervention group (58.9 (SD: 20.1) min) compared to the conventional
group (94.8 (SD: 33.0) min, p-value = 0.003).

A second category of papers reported actual operating room time but without any
other calculations to prove operating room time economy (though in some of the papers’
literature data on operating time were taken as reference for comparison)
[17,21,25,34,40,41,46,47,56,57,59-62,69].

The third category of papers discussed reduced operating room time. However, the
statement was not backed up by numbers and statistics from the authors’ experience but
rather by the literature references, personal suppositions, or expectations
[19,20,22,23,26,27,29,32,39,44,48,49]. The rest of the authors did not mention/address the
subject of operating room time, or the operating time did not apply to their study.

3.6. Costs

The visible published costs for the in-house approach might seem low when authors
report just the price of the material used to print a medical device or when some of the
costs are omitted, but most of the time the actual costs are higher when all expenses are
taken into account [47]. The main costs one should address are rent for housing the infra-
structure, human resource expenses (training and surgeon’s time), computer, software li-
cense (acquisition and renewal), 3D printer’s price, and running costs (printing material,
accessories, and maintenance).

To aid readers in search of pure informative costs, we will provide the reported costs
of key elements in the point-of-care production of surgical devices, neglecting the cost to
house the infrastructure and price of computers as they were not reported.
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Concerning human resources, costs are region specific: Goetze et al. (2017) reported
personnel costs of 367 EUR for printing one cutting guide, Legocki et al. (2017) mentioned
a 45 USD/hour rate for an information technology employee, while Spaas and Lenssen
(2019) based their calculations on the labor cost of a junior surgeon in Belgium at around
15.24 EUR/hour [9,20,39]. Training of personnel can cost 225 USD for a 3 h session in 3D
printer operation and can reach 3000 EUR for a 2-day professional training session on how
to use a segmentation/3D planning software [17,51].

If one does not use a free software solution, a license price was reported to vary from
300 USD for a lifelong software license (DDS-Pro) [72] to yearly renewable licenses that
vary from 699 USD (Osirix)[20] to 12,000 EUR/year (MIMICS) [24]. In another paper, the
most commonly used software pack, MIMICS, had a detailed quotation that reached
21,000 USD/year for the three-module configuration (base module, performing segmenta-
tion, and 3D reconstruction, costing 5833 USD; a design module, which provides design
tools to create devices, 8726 USD, an analysis module costing 6388 USD) [60].

Printer acquisition prices depend on technology, with FDM printers ranging from
600 USD to 5000 USD and above [20,21,23,28,29,36,40,45,47-49,51,57,59,73]; only two of
the papers that reported prices for FDM printers also reported cost for maintenance (200
USD/year)/printer protection plan (350 USD/year) [17,24]. Stereolithography printers can
be purchased at prices that range from 3500 USD to approximately 5000 USD, with all
accessories included (UV light, washing machine) [3,51,59,67]. Printers over the prices of
50,000 USD, such as the 3D System ProJet 3510 or the 300,000 USD EOSINT P385 are be-
yond the budget of most hospitals and can be found either in research laboratories
(housed within a hospital) or in outsourced facilities [24,28].

Printing materials are represented by: (1) filaments (Polylactic acid (PLA) with a cost
varying from 11.90 to 60 USD/kg [20,21,24,29,51,72,73], while Acrylonitrile butadiene sty-
rene (ABS) is reported to cost around 43 USD/kg [23]; (2) photopolymers (have multiple
prices reported: 175 USD/kg, 200 USD/cartridge, 280 EUR/1L, and even 570 USD/2 kg,
depending on the indication/properties [6,24,51,67]); and (3) powders (polyamide 12 or
titanium), which had no reported costs [4,28,42]. We consider these prices to only be in-
formative, as companies adapt their prices to consumers in accordance to buying power
or based on individual deals.

Unfortunately, the heterogeneity of the reported data prevented an in-depth analysis
with a true comprehensive cost analysis. By far, the article that most efficiently reported
their cost data analysis was published by Abo Sharkh and Makhoul (2019). We consider
their example a model of good practice [3].

3.7. Outcome of Point-of-Care Virtual Planning and 3D Printing

Parameters related to outcome differed from author to author, and throughout the
literature, we did not find a standardized procedure for reporting outcomes. A clear, out-
come-based classification of the papers was difficult to create due to the heterogenous
way outcomes were reported. However, guided by the evidence-based principles, two
categories could be individualized: outcomes backed up by numbers and statistics and
outcomes that were not. On the side of outcomes backed up by numbers, the following
parameters were highlighted among reported data: accuracy, reduction of operating room
time, cost-effectiveness, and blood loss.

The accuracy of the clinical result is of utmost interest, but only 20 out of 63 papers
sustained their findings with objective numbers and statistics. In-house-produced fibula
and mandibular/maxillary cutting guides were reported as accurate by assessing the re-
production of the planned results in eight papers. All reconstruction procedures were con-
sidered successful, with a good match between the digitally planned and the final result
of the surgery [4,9,40,42,44,45,51,56].

Concerning the orbit, accuracy evaluation focused on assessing pre- and post-surgi-
cal orbital volume, implant fit at the fracture site, and ophthalmic examinations made be-
fore surgery and post-operatively [30,32,34,35,53,64].



J. Clin. Med. 2022, 11, 6625

10 of 17

Chamo et al. (2020) studied in-house cranioplasty implant templates used to create
molds, with results suggesting that deviations for the test groups did not exceed 1 mm,
which is an acceptable accuracy for clinical routine in craniofacial reconstruction [74]. Tel
et al. (2020) showed in numbers the accuracy of cranial reconstructions using cranioplasty
plates obtained with the help of 3D printed molds [60]. Sharma et al. (2021) went to the
next level and proved that point-of-care FFF 3D-printed PEEK cranial PSIs had high di-
mensional accuracy and repeatability [71].

Hatz et al. (2019) conducted a study comparing mandibular models printed with en-
try-level printers accessible in hospital facilities with models printed by industrial printers
and found that the accuracy of in-house printed models can serve the surgical manage-
ment of maxillofacial pathology [28]. Legocki et al. (2017) found similar accuracy results
but on a smaller group of neonatal, pediatric, and adult-sized mandibular models [20].
Naros et al. (2018) went further, demonstrating that mandibular models used to pre-bend
titanium reconstruction plates accurately reconstruct the symmetry and continuity of re-
sected mandibles [25].

Though operating room time economy was already discussed, we would like to
stress again that although multiple studies evoked a reduced surgical time, only six sup-
ported their statements with findings and numbers based on comparisons between the
group on which the point-of-care 3D printing application was used and the conventional
group [6,18,30,31,35,42].

Although cost-efficiency was suggested as a positive outcome by a great number of
articles included in the standard analysis, only 10 papers stated cost-efficiency being
backed up by numbers [3,9,17,20,28,30,39,47,60,62]. Even so, every cited group of authors
has its own standard of analysis (we focused here on papers in which a form of compari-
son was carried out between investment/expenses and the costs cited in the literature or
provided by industry). Therefore, making an in-depth evaluation of cost-efficiency as an
outcome at the international level has not been feasible.

Narita et al. (2020) assessed blood loss when using 3D models in orthognathic sur-
gery, reporting a mean amount of bleeding (grams) of 252.2 + 97.7 g (with 3D models) vs.
331.2 £ 85.9 (without 3D models) [31].

While the rest of the papers reported a good outcome; unfortunately, they were not
backed up by numbers or statistics. Besides the parameters priorly mentioned, a good
outcome also concerned parameters such as safety of use, efficiency, precision, facial sym-
metry, or low rate of perioperative complications.

4. Discussion

In CMF surgery, many organizations (businesses, research centers, hospital 3DP la-
boratories) work together to accomplish virtual surgical planning and the manufacturing
of patient-specific surgical equipment, typically following a process such as the one
shown in Figure 5.



J. Clin. Med. 2022, 11, 6625 11 of 17

Virtual surgical planning and production of patient specific
surgical devices in CMF surgery
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Figure 5. Manufacturing workflow for patient-specific surgical devices in CMF surgery.

Most analytic studies/reviews address virtual surgical planning and additive manu-
facturing focused on the application of 3D printing in a variety of medical fields. Concern-
ing CMF surgery, in most of the papers, in-house manufacturing was investigated along-
side outsourced 3D printing without a clear distinction. Our research also includes publi-
cations on the potential in-house use of 3D printing in maxillofacial surgery. To the best of
our knowledge, this is one of the few studies that focuses only on point-of-care VSP and
3D printing in CMF surgery, addressing such a wide range of parameters over a long pe-
riod of time (7 years). Additionally, this data collection is of great assistance when deciding
to deploy a virtual surgical planning and 3D printing facility at the point-of-care.

Anatomical models are the most often produced in-house patient specific devices
(39% of in-house CMF clinical applications) followed closely by cutting guides (32% of in-
house CMF clinical applications), while molded cranial plates are the most often used in-
house produced implanted devices. The direct printing of implantable devices requires
costly equipment and particular circumstances that are difficult to obtain in a hospital
environment; however, efforts have been made to develop techniques and printers that
can solve this problem [66,71].

Planning surgery involves the use of dedicated software. Most software solutions
come with paid licenses alongside the benefit of a user-friendly interface, easy learning
curve, customer support, and medical certification. Due to their availability and cost-effi-
ciency, many researchers/clinicians have turned toward free/open-source software solu-
tions. In the European Union, virtual surgical planning software is defined as a medical
device, and the use of a medically unauthorized software makes the surgeon accountable
for a potential software-induced medical error. Nonetheless, the surgeon is equally ac-
countable even if he/she uses a medically approved surgical planning software [43]. In the
end, the Hippocratic principle of “primum non nocere” (“above all, do no harm”) is more
prevalent than ever.

Printers that use FDM/FFF technology are by far the most used at the point-of-care,
most likely due to their low-price tag and because of printing affordable anatomical mod-
els comparable with professional-grade models [28]. The main drawback of these printers
is that they cannot print implantable devices yet, but efforts have been made to introduce
desktop printers that can utilize Polyether Ether Ketone (PEEK) capable of printing
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patient-specific implants directly at the point-of-care, under the supervision of the treating
surgeon [66,71]. SLA printers follow FDM printers in frequency of use, being widely ex-
ploited to print a broad spectrum of patient-specific devices like molds, cutting guides, or
orbital models [3,34,51,56,59-62,65]. Finally, data found in the reviewed papers showed
that hospital based 3DP laboratories access professional services when they need parts to
be printed by selective laser sintering/melting (SLS/SLM) due to special conditions for
printing and regulations.

According to our results, the primary human resource participating in the process of
point-of-care 3D planning and printing include surgeons, radiologists, and information
technology/bioengineering experts. Surgeons are increasingly enthusiastic about auton-
omy in virtual surgical planning and 3D printing to save costs, eliminate recurring online
meetings, and prevent long delivery timeframes. Data regarding who is responsible for
computer purchases, software, consumable materials, or maintenance were not addressed
in the research reviewed. The imaging department and the 3D printing laboratory need
to work together because the image datasets used in the digital workflow determine the
end product’s quality and accuracy. The authors noticed a tendency for synergistic col-
laboration between the two entities. Establishing 3D printing laboratories inside or in
strong collaboration with the radiology department is an example of good practice
[6,18,26,34].

Concerning the timeline, this paper referred to three important parameters: the plan-
ning period, the printing and post-processing period, and the operation room’s time effi-
ciency. The average planning time reported in the review-selected studies was 4.4 h. Be-
cause healthcare employees are paid by the hour and operating room cost-efficiency is
assessed as money per unit of time, all these parameters also have an economic influence.
The cost of planning time was not quantified, except for three studies [9,20,39], which is
an evident flaw that must be addressed, as it highlights the issue of balancing time in-
vested in planning and real economic/clinical benefits.

One of the key benefits of point-of-care 3D printing is that production takes less time
than typical commercial delivery time frames [3,20,40,42,60]. Time management primarily
impacts the outcome of patients suffering from acute afflictions, such as trauma or malig-
nancy. Moreover, operation room time affects the patient’s clinical outcome in terms of the
amount of time spent under general anesthesia, and it is also helpful in assessing indirect
hospital cost savings due to the lessened use of the operation room [30]. While operative
time can be shortened [6,18,25,30,35,42], this hypothesis requires prospective studies.

The cost of in-house 3D printing in CMF surgery can be perceived as high when sum-
ming up the initial investment in infrastructure but can also be considered low, when con-
sidering that a cutting guide is reported to cost 2 USD [44]. The reported costs of self-printed
parts lack consistency. Most authors did not mention or only partially addressed direct costs
(accommodation of infrastructure, software, training, computer, printer, and material costs)
or time costs for 3D planning, printer set-up, post-processing, and maintenance.

Researchers must find ways to prove indirect savings obtained through operating
room time economy. Studies must evaluate whether the externalization of VSP and 3DP
means supplementary expense while the internalization of these services means savings
for the hospital. POC 3DP promoters should also face central governmental authorities
with research data pleading for an accelerated patient recovery leading to the immediate
socio-economical reintegration of the patients that would otherwise be a burden for the
social care system. Therefore, we encourage future research to present data in a much
more structured, transparent, and objective manner, respecting health economics evalua-
tion/reporting standards [77].

A consensus on reporting the surgical outcome of POC 3DP in CMF surgery could
not be identified. Most of the studies reported positive outcomes but few provided quan-
titative evidence to support their clinical outcome. Consequently, neither of the selected
studies measured surgical outcomes comprehensively. As point-of-care 3D printing be-
comes more mature, hospitals and clinics have started moving from simple applications
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to more complex applications, such as self-printed implantable devices. This process de-
mands the demonstration of clinical efficacy and device safety. Consequently, to avoid
researcher bias, the next important step is to involve as many independent groups of re-
searchers as possible in validating POC-printed patient specific devices (PSI) through pro-
spective clinical studies [78].

4.1. Limitations and Strengths

Despite its narrative nature, the current study provides a systematic and comprehen-
sive overview on the concept of hospital-based virtual surgical planning and 3D printing.
However, we are aware that some papers might have been missed. A lack of consistent
data and heterogenous reports that are not always backed up by numbers and statistics
suggest the need for more transparent and objective studies based on standardized re-
porting. Nevertheless, this is one of the first studies to address the use of in-house 3D
printing in CMF surgery from such a broad time perspective—a span of seven years.

The results presented in this paper give an elaborate overview of the reported data
on infrastructure, human resource, software, and printers used at the point-of-care. This
set of data is highly valuable for anyone considering implementation/usage of virtual sur-
gical planning and 3D printing at the point-of-care, not only in CMF surgery but also in
other surgical specialties.

4.2. Further Research

Our review identified gaps that further research can fill: (1) a standardized guide to
reporting data on the use of point-of-care 3D printing, applied not only to oral and cranio-
maxillofacial surgery but also to the entire medical field; (2) a guide on the process of the
integration of 3D printing and digital workflows in the hospital environment; and (3) the
study of regulations and standards in order to establish verification and validation proto-
cols, focused on monitoring point-of-care production processes with checkpoints to en-
sure device safety.

5. Conclusions

Oral and cranio-maxillofacial surgery supports the development of in-house 3D
printed devices with promising results that suggest that the technology has reached ma-
turity. The field of clinical applications is broad and continuously expanding, as it is cur-
rently being used from basic clinical applications up to complex surgical challenges. This
data collection can help inform decisions when implementing virtual surgical planning and
3D printing in hospital departments or to serve as motivation for future research that can
further develop point-of-care 3D printing in CMF surgery. In order to consolidate the role
of point-of-care 3D printed devices in standard clinical practice and be seen as a viable al-
ternative to outsourced professional solutions, further prospective, rigorous, and long-term
assessments of clinical efficacy, cost-effectiveness, and device safety need to be conducted.
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