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of the selected full-text articles and related reviews were
scanned for additional studies.

Screening and selection

Three reviewers (DC, RBK and MK) independently
screened the titles and abstracts obtained during the 1%
search. If a publication did not meet the inclusion criteria,
it was excluded after agreement between all reviewers.
Any disagreement between the 3 reviewers was resolved
after a discussion. Full texts of the eligible articles were
examined by the reviewers. When necessary, the original
authors were contacted to obtain additional information.

Data extraction

Data extraction was independently conducted by 2 re-
viewers (DC and MK). Data extraction forms were sub-
sequently compared between the researchers and a final
form was obtained. The authors of eligible articles were
contacted via e-mail for clarification in cases of doubt or
missing data. In crossover studies, the 2 periods (before
and after the crossover) were used.

Data recording

The design, sample size, intervention type, and control
of each study were analyzed and summarized according
to the Consolidated Standards of Reporting Trials (CON-
SORT) protocol:

— methods: study design, location/setting, recruitment
period, and follow-up time;

— participants: inclusion and exclusion criteria, demo-
graphics and number of participants;

— intervention: details regarding the type of BMS treat-
ments and types of placebo;

— outcome: pain.

Risk of bias in the included studies

Two reviewers (DC and MK) independently performed
a quality assessment using the Joanna Briggs Institute
(JBI) Critical Appraisal tool, specifically the checklist for
randomized controlled trials (RCTs).2® The checklist is
a 13-item appraisal consisting of the following areas: (1)
randomization component, (2) allocation concealment,
(3) treatment group similarity at baseline, (4) blind-
ing of participants, (5) blinding of personnel, (6) blind-
ing of outcome assessors, (7) groups treated identically
other than the intervention of interest, (8) follow-up, (9)
intention to treat, (10) similar outcome measurements,
(11) reliable method of outcome measurements, (12) sta-
tistical analysis, and (13) trial design. These items were
scored as either “yes’, “no’, “unclear’, or “not applicable”.
Two reviewers (DC and MK) independently evaluated the
included studies with discrepancies handled through dis-
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cussion. If discrepancies could not be resolved through
discussion, the third reviewer (RBK) was involved to
reach a consensus.

Three levels of bias were determined?®:
— high risk of bias: “yes” scores below 49%;
— moderate risk of bias: “yes” scores between 50% and 69%;
— low risk of bias: “yes” scores higher than 70%.

Results

Search results

The search process yielded 89 articles, of which 12 were
duplicates. Among the 77 remaining papers, 33 were ex-
cluded after a review of the title and abstract. After as-
sessing 44 full-text articles for eligibility, 20 were excluded
for other reasons.?’~*¢ Consequently, 24 articles were in-
cluded in the review.¥-7° The search results are presented
in Fig. 1.

Fig. 1. Study selection flowchart

Study selection and characteristics

The retained studies were assessed for methodologi-
cal quality (Table 2). A total of 21 studies included in this
systematic review had a low score of bias.4~5%62-9 Three
studies had a moderate score of bias.%*670 The final bias
scores ranged from 53.8% to 100%.
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Table 2. Quality scoring of the retained articles according to the Joanna Briggs Institute (JBI) Critical Appraisal checklist

Author, year Risk of bias
52
ZDgzzedfoeta'» Y Y Y Y U U Y Y Y Y Y Y Y il low
H 66
;gg%d'”aeta'- Y Y Y Y Y N Y Y Y Y N Y Y 12 low
Ekrini 64
z(k)rz'gJareta“ Y Y Y Y Y N Y Y Y Y Y Y Y 12 low
i 70
58;'; etal u U Y N N N Y Y Y Y Y Y Y 8  moderate
i 55
ggq%”'em Y Y Y Y Y Y Y Y Y Y Y Y Y 13 low
_ 53
\2/gl1e7nzuela and Lopez-Jornet v Y Y y U U % % v v Y Y Y 11 low
65
gg?gyaeta'- Y Y Y Y Y N Y Y Y Y Y Y Y 12 low
49
\2/8I1e6nzuela etal. v v vy Y Y N v v Y Y Y Y Y 12 low
eG4 51
Zglﬁglos Sanchez et al. v v v v v N Y % Y % % Y Y 11 low
g ; 67
38?2 Carrillo et al v Y vy Y Y N Y % Y \% Y Y Y 12 low
68
;!gggmann etal. v Y v v U U Y % Y % Y \% Y 11 low
54
ggigemberg etal. v v v vy v N Y % % v Y \ \ 12 low
. H i 69
Sg%lguez de Rivera Campillo et al. v v v v v N Y v v % Y v % 12 low
: Ahvfizze®
;ﬁ(a)gglcantl and da Silveira v v v v Y N Y % % v Y Y Y 11 low
48
;:(a)(r)t;oneetat Y Y Y Y Y N Y Y Y Y Y Y Y 12 low
i 58
g/(')'é'grae”'- Y Y Y Y Y N Y Y Y Y Y Y Y 12 low
4 _ 50
Iigggz Jornet et al. v Y v Y Y N % % \% \% Y N \ 12 low
56
zggd;”a etal. Y Y Y Y Y N Y Y Y Y Y Y Y 12 low
; 47
zgg:zz'eta" Y Y Y Y % Y % Y % Y % Y % 13 low
-Ri 62
gg(e)?eau Richard et al. v Y Y vy Y N % % v % \ Y Y 12 low
Femiano et al.®
2004 N U U N N N Y Y Y Y Y Y Y 7 moderate
A 61
;Sr(w;zlano and Scully v U U N N N % % Y v Y Y \ 8 moderate
57
?gfgdge”a etal. Y Y Y Y Y N Y Y Y Y Y Y ¥ 12 low
H i 63
Iagr;gmlala Salonen and Forssell y v v v v N Y Y % % U v Y 11 low
N -no; U —unclear; Y - yes.

Table 3 details the main characteristics and method- were carried out.?”°%¢ The number of treated partici-
ology points of the retained studies. The studies were pants varied from 205> to 192,%° with a wide range
published between 19995762 and 2020.526%6¢ They were of ages, varying from 22! to 89% years. All BMS par-
conducted in Spain,:50:525367.69 Croatia,®* Serbia,”® It- ticipants were appropriately defined as having chronic
aly,18:55-57.60.61 Brazi] 54585965 Germany,®® France,®? and pain for more than 3, 4 or 6 months with normal oral

Finland.®®* Three studies failed to report where they mucosa.
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Randomization was applied in 22 studies
(Table 2).47-5961-69 A]] 24 studies were controlled clini-
cal trials, involving 2 triple-blind studies (participant,
caretaker and assessor),*”*> 17 double-blind stud-
ies,18-5L5456-5962-69 and 2 single-blind studies (partici-
pants).”>¢! Four of the clinical trials had a crossover de-
sign (Table 3).%9555970 All studies reported data on items 7
(i.e., groups treated identically other than the intervention
of interest), 8 (i.e., follow-up), 9 (i.e., intention to treat), 10
(i.e., similar outcome measurements), 12 (i.e., statistical
analysis), and 13 (i.e., trial design; Table 2). Twenty-two
studies with a treatment duration between 10 days and 3
months were categorized as short-term assessments.*’~68
The remaining 2 studies performed long-term assess-
ments of 6 months.®®70 At the end of the intervention,
follow-up was reported in 8 studies,*8:525460-626566 ranging
between 1 month and 1 year (Table 3).

Visual analog scale was the primary assessment tool
for measuring pain intensity. It was used in 22 stud-
ies.17-57:59-6163-70 Gupplementary assessment tools, such
as MPQ,#8525863 NRS,% PPI>® numerical scales,® and
face scales® were also used to evaluate pain (Table 3).
Secondary outcome assessments were performed to as-
sess the quality of health, anxiety, depression, and quality
of sleep using patient-reported questionnaires, including

Table 4. Comparison of pain before and after placebo treatment
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the 36-item short form survey,>? oral health on quality
of life,*525367 Crown-Crisp Experimental Index,*® Ham-
ilton Depression Rating Scale,”® Hamilton Anxiety Rating
Scale, 5355566770 Beck Depression Inventory,>-636870 psy-
chometric Symptom Checklist-90-R,*2 Medical Outcomes
Study Sleep Scale,> Epworth Sleepiness Scale,* xerosto-
mia severity test,**"3 salivary flow-rate,*® taste test,%® and
smell test.®® Quantitative assessments of pain intensity
were performed in 17 studies.8-50:52-56.59.62-6466-70 Fypc-
tional improvement was quantitatively assessed in 7 stud-
ies (Table 4).47515758,6061,65

Placebo e ects in burning mouth syndrome

Although the placebo was administered in the same way
as the active treatment in all of the studies, its composition
was noted in only 13 (54.2%) studies.*8-51:5457.59-6167-70 The
most commonly used placebo was cellulose.>051:59-6170
The placebo pill in one study contained cellulose as the
primary ingredient and dicalcium phosphate, microcrys-
talline cellulose, hydroxypropyl methylcellulose, silicon
dioxide, vegetable magnesium stearate, and shellac/stea-
ric acid as secondary ingredients.*® Other placebo for-
mulations included ingredients such as water and dye,*’
lactose monohydrate,’® magnesium silicate,** lactose,*

Author, year Baseline End of the treatment Sl Treatment vs. placebo &Y
follow-up findings
De Pedro ot al5? 1G 68 TG 3.4% 1G:3.9" VAS for pain decreased significantly in the
VAS? ) . . TG vs. the CG at the end of treatment and placebo
2020 CG: 71 CG:76 CG:76
after 4-month follow-up effect
clear improvement was seen on the NRS
Scardina et al % NRS? 1G: 7 TG: 3% TG: 3° of the linear type in the 2 groups placebo
2020 CcG:7 CG: 5* CG:7 after 2 months, patients in CG showed a effect
recurrence of burning sensation
Skrinjar et al.5* VASH TG: 5.5 (4-9) TG: 4 (3-7)* NR VAS scores were significantly lower in placebo
2020 CG: 5 (0-8) CG:3(1.5-6.5)* both groups effect
Zoric et al.”° VASE TG:7.5+1.7 TG: 3.5 £2.5% NR good efficacy of the medication in plc;scs;tt))lg
2018 CG:72+1.7 CG:3.9+28* treating BMS compared to placebo peffect
melatonin and placebo have comparable )
Varoni et al.> AVASE TG: 0.6 405 CG 12404 NR efficacy in reducing pain caused by BMS plc;scs;tt))lg
2018 e e lack of difference can be attributed to the peffect
effect of placebo on BMS patients
Valenzuela T1G:7.56 £1.5 TG: 6.38 £1.6* VAS scores obtained from the 2 groups no
and Lopez-Jornet®®  VASS TG 838 1.7 TG 7.06 £1.8* NR treated with laser were significantly lower placebo
2017 CG:783+13 CG:765+1.2 than scores for placebo group effect
. TQ: 6 of the 13 patients repprted complete remission of symptoms |'n all laser protocol used to treat this group of  possible
Sugaya et al. sites affected by the burning sensation at the last control checkpoint. . T
n : - : BMS patients produced benefits similar to  placebo
2016 CG: 4 of the 10 patients reported total remission of symptoms in all those of the placebo arou offect
affected sites at the end of the control period. P group
Valenzuela et al:* VASE 1G:74+15 1G:6.7 £14 NR no significant differences were found Iar;Zbo
2016 CG:69+18 CG:62+19 between the groups P
effect
Palacios- TG: improvement 64%, worsened 0%, no change 36% no
Sanchez et al®'! % CG:improvement 27.5%, worsened 17.2%, no change NR p <0.05 placebo
2015 55.2% effect
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Author, year

Cano-
Carrillo et al.”
2014

Heckmann et al.%®
2006

Spanemberg et al>*
2012

Rodriguez

de Rivera
Campillo et al.®®
2010

Cavalcanti
and da Silveira®
2009

Carbone et al*®
2009

Miziara et al.>®
2009

Lopez-Jomnet et al*°
2009

Sardella et al >
2008

Petruzzi et al.#’
2004

Gremeau-
Richard et al 5
2004

Femiano et al.®°
2004

Femiano
and Scully®’
2002

Sardella et al.>”
1999

Tammiala-Salonen
and Forssell®3
1999

VASP

VAS®

VAS®

VAS®

VASY

VAS®

n (%)

VAS®

VASP

VAS
(%

VASE

n (%)

n (%)

n (%)

VAS?
MPQ?

End of the

End of the treatment
follow-up

Baseline

TG (pain): 9 (5-10) TG (pain): 6 (3-10) *

CG (pain): 9 (6-10) CG (pain): 6 (2-10) * NR
TG (burning): 5 (1-10) TG (burning): 4 (1-8)*
CG (burning): 5 2-10) CG (burning): 4 (1-8) *
TG: 74 £24 TG:3.9 +2.9* TG: 4.5 2.4
CG: 60422 CG: 4.6 £2.4% CG: 4.5 +1.8t
TG: 6.87 £2.16 TG: 3.33 £2.56* TG: 3.33 £2.491
CG:7.17 £20 CG: 547 +2.76* CG:5.73 +2.71%
T1G: 7.7 £1.5 TG:3.0£1.3* NR
CG:76+16 CG:44 £1.0%
TG: 64.2 TG: 44.2*
TG (after placebo): 47.8 TG (after placebo): 41.8 NR
CG:534 CG: 38.4*

CG (after placebo): 78.9 CG (after placebo): 52.0%

TG:6.89 £2.42 TG: 5.94 £2.73% TG:5.11 +£3.981
TG 6.50 £2.59 TG"4.71 £3.10% TG 4.50 +3.397
CG:6.65 £2.41 CG:5.05 +3.39* CG: 540 £3.057

TG: improvement 17 (70.8%), no change 7 (29.2%)

CG: improvement 8 (40.0%), no change 12 (60.0%) R

T1G:6.3£2.8
CG:66+2.5

TG:4.0£27

CG: 28425 NR

TG: 6.8 (3-10) NR
CG: 745 (2-10)

TG: 8-10 (60%), 4-7 (32%),
0-3 (8%)
CG:8-10 (52%), 4-7 (28%),
0-3 (20%)

TG: 8-10 (4%), 4-7 (12%),
0-3 (84%)*
CG:8-10 (52%), 4-7 (24%),
0-3 (24%)

T1G:6£0.3
CG:62+04

TG: 3.5 £0.7%

CG:55+04 Al
TG: worsening 7 (15%), unchanged 22 (46%),
improvement 19 (40%)

TG" worsening 2 (4%), unchanged 7 (15%),
improvement 39 (81%)

TG": worsening 1 (2%), unchanged 4 (8%),
improvement 43 (90%)

CG: worsening 18 (37%), unchanged 24 (50%),
improvement 6 (13%)

NR

TG: worsening 0 (0%), unchanged 1 (3%), improvement
29 (97%)
CG: worsening 6 (20%), unchanged 12 (40%),
improvement 12 (40%)

TG: worsening 0 (0%), unchanged 9 (90%),
improvement 1 (10%)

CG: worsening 0 (0%), unchanged 8 (80%),
improvement 2 (20%)

TG:59.2 TG: 46.6%
CG:46.6 CG:34.3*
TG: 8.2 TG: NR
CG:75 CG:NR

NR

NR

NR

Ke
Treatment vs. placebo ey
findings
no significant differences were found placebo
between the groups effect
changes were much more pronounced in  possible
patients receiving clonazepam compared placebo
to placebo effect
improvement in TG was significantly
greater than that of CG after 4 and 8 possible
weeks of herbal compound use placebo
reduction in symptoms was still evident  effect
after 12 weeks
A ossible
clonazepam showed a significant g\acebo
improvement compared to placebo
P P P effect
reduction on symptoms after oral
administration of ALA did not have
PP placebo
statistical significance compared to the offect
results obtained after oral administration
of placebo
no significant difference between the TG placebo
and CG effect
. ) no
difference in the results between the 2
s placebo
9 effect
N ) no
no significant differences between the 2
OUDS placebo
group effect
no statistically significant differences no
were observed in the VAS scores between placebo
active treatment and placebo effect
. no
differences between TG and CG were not
) placebo
mentioned
effect
) ) no
differences between active treatment
and placebo were significant pligEloe
effect
. no
differences between TG and CG were
significant placebo
effect
statistically significant symptomatic )
; Y signi ymptomat possible
improvement with alpha-lipoic acid lacebo
(97%) used over 2 months compared to peffect
placebo (40%)
oral rinses seemed to be no more no
effective than a placebo solution inthe  placebo
symptomatic relief of essential BMS effect
VAS: no significant differences between  placebo
the groups in terms of treatment effects  effect

2 M, ® Me (min-max); < M £5D; ¢ Me; NR — not reported; * p < 0.05 (end of the treatment vs. baseline); f p < 0.05 (end of the follow-up vs. baseline).
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and hydrogen chloride (HCI).>” Valenzuela et al.*® ap-
plied water, hydroxyethyl, sorbitol, potassium sorbate,
sodium metabisulfite, food coloring, and chamomile
aroma as a gel. Three studies confirmed that the placebo
matched the treatment arm with respect to shape, taste,
smell, and color.#7%%70 In 8 other trials, the authors men-
tioned that the placebo was identical-looking to the treat-
ment.18495L5459.616267 Silent/off laser therapy in contact
with the mucosa was applied as a treatment in 5 studies
(Table 3).525364-66

In 13 studies, a positive response to the placebo was not-
ed.18:5455,59.6163-70 Moreover, in 7 of these studies,5963-67
the placebo response was statistically indistinguishable
from the active treatment (Table 4). These changes were
more pronounced in patients receiving a placebo com-
pared to alpha lipoic acid (ALA) when the treatment was
administered after the placebo during a crossover trial.>
Carbone et al.*® found that pain significantly decreased in
the placebo group at the end of 4 months of follow-ups
compared to the treatment group. However, in one study,
patients treated with silent/off laser therapy had a recur-
rence of the burning sensation.®

Discussion

Our systematic review included 24 RCTs investigat-
ing the placebo effect in BMS. Randomized controlled
trials are widely considered the most rigorous method
for evaluating treatment efficacy or preventive interven-
tions.”! In fact, 87.5% of the included studies had a low
risk of bias. It is known that systematic reviews can be
affected by bias at the level of individual studies.” For this
reason, an assessment of the validity of these studies was
a crucial step when conducting this systematic review.” If
bias is ignored, the true effect of the intervention may be
overestimated or underestimated.”> The main result in 7
of the studies was that treatment with a placebo produces
a response that may be as large as the response to active
drugs.185963-67 [n 6 RCTs, the placebo arm showed a posi-
tive response but was less pronounced than in patients
receiving active treatment.>+>561.68-70

Burning mouth syndrome is one of the most difficult
conditions facing oral health care professionals due to its
variation in clinical manifestations.?> Disagreements arise
with regard to whether this condition should be consid-
ered a disease, disorder or syndrome. However, no suf-
ficient data is available to justify any modification in tax-
onomy.” Burning mouth syndrome has a negative impact
on a patient’s life since it is always accompanied by pain.®
Pain levels were the principal outcome in the patients
of the included studies. They were evaluated using many
assessment tools. Visual analog scale, which is a uni-
dimensional measurement for pain intensity was most
commonly used, especially in diverse adult populations.”
McGill Pain Questionnaire was used in a few studies not
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only to describe the pain intensity but also the sensory,
affective and evaluative aspects of pain. It is a multi-di-
mensional questionnaire designed to measure pain and its
qualities in adults with chronic pain.”

There is no consensus on how to treat BMS.? Conse-
quently, treatment modalities based on a patient’s symp-
tomatology often lead to unsatisfactory results. A recent
systematic review!! concluded that the effectiveness
of both pharmacological and non-pharmacological treat-
ments remains low. The latter should be tried first to
manage BMS due to their low side effect profiles. It is
important to mention that the key to treatment success
depends on the following number of issues that must be
solved: correct diagnosis, confirmation of diagnosis, pa-
tient’s acceptance, patient’s understanding of the likely
clinical course, patient’s participation in the elaboration
of a treatment strategy, compliance, positive feedback
during treatment, and ongoing interest of the clinicians.”
Building trust and reassurance with patients is essential in
the management of BMS.? Moreover, affected individuals
should have a realistic understanding of the probability
of being cured. The impact on a patient’s attitude often
results in long-term beneficial effects. The practitioner
should meticulously investigate the patient’s family, medi-
cal, dental, and personal history. He should also carefully
interpret the data obtained from various physical and
laboratory tests. In cases of underlying local, systemic or
psychological factors, treating or eliminating these factors
is crucial in the therapeutic process.?

A placebo can be of great use in reducing the burning
and associated symptoms in patients with BMS. Placebo
analgesia “is recognized as a positive response to the ad-
ministration of a substance known to be inert and to have
no analgesic action”’® However, it is strongly thought to be
a potent painkiller by the patient.”® Current clinical phar-
macologic research relies on the superiority of treatment
over placebo.”® It has been confirmed that the overall re-
sponse to treatment is the result of the specific effect of the
treatment and the effect of the context in which the treat-
ment is given. Placebo interventions are designed to stim-
ulate a therapeutic context, affecting the patient’s brain,
body and behavior.”” This systematic review revealed that
a placebo may be effective in reducing pain caused by
BMS.#85963-67 T addition, these studies reported a short-
term assessment of the placebo effect. The reduction in
symptoms was still evident 2 months after the end of the
intervention.*® Many mechanisms are involved in produc-
ing the placebo effect, such as expectations, conditioning,
learning, motivation, memory, somatic focus, reward, anx-
iety reduction, and meaning.”” Recent advances in placebo
research and neuroimaging have shown that the placebo
effect is a real neurobiological phenomenon. Placebo an-
algesia is regulated, at least in part, by endogenous opioid
mechanisms and results in the active inhibition of noci-
ceptive activity.”® Nevertheless, no placebo effect was ob-
served in 11 studies, and an improvement in the test group
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was significantly greater than that in the placebo group
in 6 RCTs.**5>61.68-70 Thyg, it is not inherent that patients
with BMS will feel better in response to the treatment with
a placebo, particularly in the case of subjective outcomes,
such as pain. Greene et al.” suggested that a third “no treat-
ment” waitlist control group should be included in future
RCTs. It would allow differentiation between the natural
course of symptoms and a genuine placebo effect. Howev-
er, whenever treatment is withheld, ethical questions arise.
The use of placebo controls in RCTs is ethically accept-
able in 4 conditions: “(i) when there is no proven effective
treatment for the condition under study; (ii) when with-
holding treatment poses negligible risks to participants;
(iii) when there are compelling methodological reasons for
using placebo, and withholding treatment does not pose
a risk of serious harm to participants; and more contro-
versially, (iv) when there are compelling methodological
reasons for using placebo, and the research is intended
to develop interventions that can be implemented in the
population from which trial participants are taken, and the
trial does not require participants to forgo treatment they
would otherwise receive”’! The methodological reasons
are important to ensure the ethical use of placebo controls
in these last 2 controversial conditions.” In addition, a no-
treatment waitlist control group in which patients eventu-
ally receive active drugs raises ethical questions similar to
those connected with the use of placebo arms in RCTs. In
both cases, an institutional review board would need to
weigh the potential benefit of the scientific knowledge to
be gained against the potential harm that could be derived
from withholding active treatment. In case of disorders
such as BMS, for which there is no standard of care, the
inclusion of a no-treatment waitlist control group may be
ethically acceptable.?* Nevertheless, close attention should
be paid to ensure that basic ethical principles are respect-
ed when placebo therapy is prescribed.”

Limitations

The present systematic review has some limitations.
The first limitation concerns the sample size which differs
between included studies. The second limitation is related
to the duration of therapy. Patients were followed up for
a short period of time, whereas the pain occurring in BMS
is chronic. Future studies should last more than 3 months.
The third limitation concerns the definition of clinically
significant outcome. Although VAS was used in almost
all the studies, this tool was applied in different ways.
The 4™ limitation is related to the placebo control which
varied depending on the treatment used (laser therapy,
for example). The 5% limitation concerns the definition
of BMS, which is still lacking.? It is worth noting that there
is an urgent need to give an exact and universally accepted
definition of this syndrome. Despite these limitations, the
magnitude of the placebo response in BMS appears to
be quite robust.?* Future RCTs investigating BMS would

M. Khemiss et al. Placebo effect in burning mouth syndrome

benefit from larger sample sizes, adequate follow-up pe-
riods and the use of a standard placebo. With respect to
reporting data, we suggest that in future studies all avail-
able data should be reported, particularly VAS data, so
that comparisons will be simpler.

Conclusions

Placebo therapy can sometimes be beneficial and ethi-
cally acceptable. The placebo effect found in this system-
atic review represents a significant challenge for future
RCTs evaluating therapies for BMS. To obtain stronger
evidence for placebo use, such trials should follow a stan-
dard protocol. An adequately long follow-up period must
be established to discern if the treatment is more effective
than a placebo.

Highlights

* Key finding: Placebo may be effective in reducing pain
caused by BMS.

* Clinical implication: Placebo can be used as a treatment
for BMS in some cases, especially since there is no gold
standard treatment for this syndrome.
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Abstract

Many complications can occur after the injection of local intraoral anesthetics (ILIA) before dental
intervention. Facial paralysis (FP) is one of these complications. The purpose of this study was to
systematically analyze the association between ILIA and FP. A systematic review was carried out taking
into account the methodology of the Cochrane Handhbook for Systematic Reviews of Interventions and
the PRISMA statement. The search strategy used “Palsy AND Facial” and “Paralysis AND Facial” as search
terms. The ScienceDirect, PubMed and Scopus datahases were searched using the “dentistry journal™filter.
The inclusion criteria included studies describing FP after or during ILIA that were published in dental
journals. The CAse REports (CARE) checklist was applied in evaluating the methodological quality of case
reports. A total of 2,462 articles (algorithm) were identified. After reviewing titles and abstracts, 18 articles
were deemed relevant taking into account the objectives of this study. Only 13 of them, after reading the
full text, met the inclusion criteria and were analyzed. Case reports on 18 cases of FP were analyzed, 12
of which described the early development of FP (onset within 24 h) and 6 the late development (onset
after 24 h). Acceptable compliance with CARE guidelines was observed in the included studies . Early FP
CRs presented the effect of the administered anesthetic on the facial nerve, and the vascular effect of the
vasoconstrictor included in the anesthetic formula, while more recent FP CRs focused on the reactivation
of herpes simplex virus type 1 (HSV-1), human herpesvirus 6 (HHV-6) or varicella-zoster virus (VZV).

Keywords: local anesthetics, systematic review, anesthesia, Bell's palsy, facial paralysis
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Introduction

The scientific literature describes a wide range of clini-
cal complications following the injection of local intraoral
anesthetics (ILIA), which can be divided into 2 groups:
systemic and local complications. Allergic reactions, tox-
icity and methemoglobinemia, among others, are listed in
the systemic group, whereas ocular complications, tris-
mus of the masticatory muscles, pain, infection, paresthe-
sia, and facial paralysis (FP) constitute the local group.! In
FP, the patient is unable to move the muscles of expres-
sion of the affected side, causing insufficiency in the labial
functions and ocular closure, which impairs the quality
of life of the patients and their relatives.? Among known
types of FP, idiopathic facial paralysis (IFP), also known as
Bell’s palsy, has been studied most intensively. It has the
same characteristics as FP, but its onset is sudden, without
a clear etiological factor.? Recently, Zhang et al. summa-
rized the possible clinical etiologies of IFP, including vi-
ral infection, ischemia, immune inflammation, exposure
to cold, and various anatomical conditions of the facial
nerve.* However, there is little information from a dental
point of view on how intraoral anesthesia techniques or
used anesthetic can cause FP°> The objective of this study
was to analyze the association between ILIA and FP by
means of a systematic review of scientific dental literature.

Material and methods

The method used was adapted from the Cochrane
Handbook for Systematic Reviews of Interventions® and
the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement for systematic re-
views.”

The following question was used for the organization
of this study: Is there scientific evidence of FP after ILIA
in dental care? This allowed the descriptions of the Pop-
ulation (P), Intervention (I), Comparison (C), and Out-
comes (O) to be obtained (the PICO framework).
1.Population: Adult patients without baseline central or

peripheral nervous system disorders.
2.Intervention: ILIA.
3.Comparison: There was no comparison since there are

hardly any records regarding ILIA without complications.
4.Outcome: FP subsequent to ILIA.

Search strategy

In the search strategy, the following terms: “Palsy AND
Facial” and “Paralysis AND Facial” were used to search
the ScienceDirect, PubMed and Scopus databases. A re-
striction date of August 2019 and a search filter “only den-
tal journals” was used to find studies whose aim was to
understand the association of FP with ILIA and treatment
of FP after ILIA.

N. Ferrer-Valdivia et al. Facial paralysis: Systematic review

Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) studies that re-
port FP attributable to ILIA in dental care; 2) case report
(CR) studies; 3) studies published in dental journals; and
4) studies on humans.

The following publications were excluded: 1) studies
of FP following orthognathic surgery; 2) studies of FP fol-
lowing parotid gland removal; 3) studies of FP caused by
condylar process fracture treatment; 4) studies of FP due
to factors other than ILIA; 5) book chapters; and 6) ani-
mal studies.

Screening process

Two independent reviewers searched the databases,
removed duplicate articles from the list of papers they
created, read titles and abstracts to identify papers not
relevant to the research topic, and finally read full texts
of selected articles to verify compliance with the inclu-
sion criteria. Differences between the 2 reviewers were
resolved by a 3 team member.

Data extraction

Two reviewers independently collected the following
data from the analyzed studies: authors, year of publi-
cation, type of study, number of cases reported, sex and
age of patients, time of onset of FP, FP classification, an-
esthetic used, anesthetic technique, affected side, dental
treatment performed, treatment provided for FDP, degree
of recovery, and recovery time.

Assessment of methodological quality

For the evaluation of the methodological quality of the
case CRs, the CAse REports (CARE) checklist (https://
www.care-statement.org/checklist) was used.® Although
this checklist was designed as a guide for the elabo-
ration of CRs, the lack of guidelines for assessing the
methodological quality of this type of study makes the
use of CARE necessary. A quantitative analysis was per-
formed, in which each affirmative question from CARE
checklist was assigned 1 point, while each negative answer
was assigned a value of 0. In addition, 3 levels of meth-
odological quality were established according to the to-
tal sum of points for a given study: poor (0-15), accept-
able (15-22) and excellent (23-30). We required at least
a value of 50% (15 points) or greater of the total possible
score for a study to be classified as acceptable, and more
than 70% (22 points) positive responses to be classified
as excellent. The papers were also quantitatively analyzed
according to the topics that make up CARE guidelines:
Title/Keywords, Abstract, Introduction, Patient Informa-
tion, Clinical Findings, Timeline, Diagnostic Evaluation,
Therapeutic Intervention, Follow-up and Outcomes, Dis-
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cussion, Patient Perspective, and Informed Consent. Fi-
nally, a qualitative analysis using the CARE checklist was
performed.

Results

A total of a total of 3,301 articles were identified in the
3 searched databases: 985 in PubMed, 1,379 in ScienceDi-
rect and 937 in Scopus. This number was reduced to 2,462
after the elimination of duplicate articles. Subsequently,
the titles and abstracts were read to assess whether the
papers were relevant to the study subject. Eighteen arti-
cles were selected and completely read to verify compli-
ance with the inclusion criteria.

Five articles did not meet the selection criteria and were
eliminated for the following reasons: 1) FP occurred im-
mediately after an inappropriate surgical procedure (air
blast performed with a triple syringe to visualize the sur-
gical bed)’ 2) case report without information required
for analysis!% 3) a retrospective study that analyzed the
reactivation of varicella-zoster virus (VZV) in delayed FP
after dental treatment and orofacial surgery in patients
who presented with FP 20 days after dental treatment.!};
4) FP attributed to endodontic treatment of lower right
molar'?; and 5) intervention was performed under gen-
eral anesthesia'® (Table 1). Finally, 13 articles (Fig. 1) were
included in this systematic review, with a total of 18 cases
analyzed (Table 2).14-26

Generic analysis of the studies

Of the 13 articles included in this review, 9 were
CRs, 1471820212425 3 CRs and literature reviews,!?223
and 1aCRinaform ofaletter to the editor.?° One study
reported 4 cases,!® 2 studies reported 2 cases each!®?!
and 10 studies reported 1 case each,416-18.20.22-26 [y the
18 cases analyzed, the sex distribution of the treated
patients was as follows: in 9 cases, the patients were
women,>22726 jn 7 cases men'®2! and in 1 case there
was no information on sex.!* In relation to the age
of the treated patients, 17 cases reported this data!>-2¢
and 1 case did not.!* The mean age of treated patients
was 34.25 years with a minimum age of 16 years and
a maximum age of 62 years.

Table 1. Excluded studies

619

Records
identified through
PubMed
database

Records
identified through
ScienceDirect
database
(n=1,379)

Records
identified through
Scopus
database
(n=937)

{

'

Identification

(n = 985)
Total records

(n=3,301)

l
Records after removing duplicates
(n =2,462)

Duplicate records excluded
(n=839)

Records excluded based
on titles and abstracts
(n = 2,444)

Screening

—
\/

Records screened
(n=18)

Full-text articles excluded
with reasons (Table 1)
(n=4)

—
\

Full-text articles assessed for eligibility
(n=14)

{

Studies included in qualitative synthesis
(n=14)

|Inc|uded || Eligibility H

Fig. 1. Flowchart of the selection studies

In relation to the anesthetic technique used in analyzed
cases, it was observed that the truncal technique of an in-
ferior alveolar nerve block (IANB) was employed in 11
cases,*2*while in 4 cases, other types of IANB technique
were chosen: with infiltration of anesthetic on the buccal
nerve,?! with infiltration of anesthetic at the level of the
upper central incisor on the same side,'® with infiltration
of vestibular anesthesia at the level of the upper third mo-
lar,%6 and with infiltration of vestibular anesthesia in rela-
tion to the first upper premolar law.?> In 2 cases, the an-
esthetic technique used was not reported.'®?! In relation
to the type of anesthesia used, it was observed that lido-
caine was chosen in 9 cases,'*17192022 grticaine in 5,21:24-26
mepivacaine in 1,2® and in 2 cases, the used anesthetic
was not reported.!®! The sides being anesthetized were

Study Reason for exclusion

Burke and Adams, 1987°
Stoy and Gregg, 19511°

Furuta et al., 2000"

Demetoglu et al,, 2016'2

Bobbitt et al., 20003

Facial paralysis (FP) occurred after the application of a burst of compressed air to visualize surgical area.
Case report without information required for analysis.

A retrospective study that analyzed the reactivation of varicella-zoster virus (VZV) in delayed FP after dental treatment
and orofacial surgery in patients who presented with FP 20 days after dental treatment.

Facial paralysis occurred after endodontic treatment of the first right lower molar,
then exodontia of this tooth was performed and the paralysis disappeared.

Intervention was performed under general anesthesia.
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8 right and 9 left, and the affected sides were 8 right and 9
left, resulting in 17 reports of FP on the same anesthetized
side (ipsilateral side), and a single report on the other side
(contralateral side).!*2¢ Furthermore, out of the 17 report-
ed cases, 12 displayed early FP within 24 h14-16182022232526
and the remaining 5 late FR1719212¢ Only 9 patients re-
ceived some type of treatment of FP%17:1820-24 gch as
corticosteroids in 5 reports,'171821.24 nonsteroidal anti-
inflammatory analgesics (NSAIDs) in 1,2° NSAIDs with
an antibiotic (amoxicillin) and vitamin B complex in 1,%
and vitamin B, cytidine and uridine complexes in 1.2
Finally, it was observed that 15 patients achieved full re-
covery, 1 partial recovery and 1 no recovery. The mean
recovery time from FP was 54.1 days, with a minimum
and maximum time of 45 min and 365 days, respectively.
The cases in which the recovery time was shorter than 7 h
were approximated as 1 day to calculate the mean time in
days. Detailed characteristics of each included study and
case are presented in Table 2.

Analysis of the methodological quality
of the included studies

According to the CARE guidelines and the criteria de-
scribed in the Materials and methods section, the meth-
odological quality of the CRs included in this review was
generally acceptable, with a mean value of 15.5 (52%). In
the analysis of the CRs on a case-by-case basis, 12 scored
50% or more of positive answers and were classified as
acceptable, and 5 failed to exceed 50% and thus were clas-
sified as poor. No case in any paper scored more than 70%
of positive responses, and thus none of the cases were
classified as having excellent quality. However, when ana-
lyzing the methodological quality in relation to the publi-
cation year, 5 of 6 cases described in articles published be-
fore 1990 had a very low percentage of positive responses
(37%, 27%, 23%, 23%, and 47%). This score improved over
time, as all analyzed articles published after that date had
a score of 50% or more.

Methodological quality analysis in terms of individual
topics that make up CARE guidelines yielded the follow-
ing percentages of positive responses: Title/Keywords —
56%, Abstract — 57%, Introduction — 71%, Patient Infor-
mation — 57%, Clinical Findings — 88%, Timeline — 82%,
Diagnostic Assessment — 34%, Therapeutic Intervention
—57%, Follow-up and Outcomes — 25%, Discussion — 79%,
Patient Perspective — 0%, and Informed Consent — 12%.

During the analysis of affirmative answer percentages
using the CARE guidelines, the 4 questions that obtained
the highest percentages were “Discussion of the relevant
medical literature with references” — 100% and “The sci-
entific rationale for any conclusions (including assess-
ment of possible causes)” — 100% (both from the Discus-
sion topic), “Did the patient give informed consent? Please
provide if requested” (from the Informed Consent topic)
—100%, and “Introduction: What is unique about this case
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and what does it add to the scientific literature?” (from the
Abstract topic) — 94%. On the other hand, the 4 questions
that obtained the lowest percentages were and “Interven-
tion adherence and tolerability (How was this assessed?)”
— 6% and “Adverse and unanticipated events” (both from
Follow-up and Outcomes topic) — 0%, “Prognosis (such
as staging in oncology) where applicable” (from the Diag-
nostic Assessment topic) — 0%, and “The patient should
share their perspective in one to two paragraphs on the
treatment(s) they received” (from the Patient Perspec-
tive topic) — 0%. The details of the methodological qual-
ity analysis are presented in Table 3, and all the questions
constituting the CARE guidelines are listed in Table 4.

Discussion

Facial paralysis following ILIA can be classified as early
or late, with early cases occurring within the first 24 h,
and late cases beginning later than 24 h after ILIA. On the
other hand, the length of anesthetic action of lidocaine,
mepivacaine and articaine on soft tissues varies from 3 to
5 h,%7 so late FP cannot be caused by the local anesthetic
affecting the facial nerve. Possible causes of FP as a conse-
quence of ILIA described in the analyzed studies include:
1) direct effect of the anesthetic solution on branches
of the facial nerve, 2) viral reactivation and 3) the vaso-
constrictive effect on sympathetic fibers that affects the
facial nerve. If the first proposed cause is true, it would
mean that the anesthetic solution is deposited directly
into the parotid region (PR), which the facial nerve passes
after leaving the stylomastoid foramen.”® Given that the
anesthetic does not have the capacity to pass through the
fascia that delineates the PR,? the anesthetic would need
to be deposited near a terminal branch of the facial nerve.

It should be noted that in most of the intraoral anes-
thesia techniques used in dentistry, anatomical injection
sites away from the PR and terminal motor branches of the
facial nerve are routinely chosen. However, IANB is the
riskiest technique in relation to the possibility of deposit-
ing anesthetic in the PR as the anesthetic inoculation site
is the pterygomandibular space (PS), which is located close
to the PR. The articles included in this systematic review
reported that 13 of the 18 FP cases occurred in patients
where the IANB technique was used, and only in 5 FP cas-
es, a different or no anesthetic technique was described.
Furthermore, among the 13 reported FP cases in which
IANB technique was chosen, 9 had early onset, which sup-
ports the explanation that the anesthetic is the cause of FP
and may have been deposited in the PR in those cases.

One of the possible factors causing anesthetic deposi-
tion in the PR could be the deflection of the needle as it
passes through the soft tissues until it reaches the anes-
thetic inoculation area. A deviation of the needle from the
expected insertion path can occur. This phenomenon has
been studied in needles used in dentistry for performing
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Table 3. Characteristics of the selected studies

Gray 1978 (b)*®
Gray 1978 (c)'°
Weinberg et al. 19856
Ling 19857
Shuaib and Lee 19908
Miles 1992 (a)°
Shenkman et al. 19962
Tazi et al. 2003 (a)2!
Tazi et al. 2003 (b)**
Vasconcelos et al. 2006%
Chevalier et al. 2010%
Tzermpos et al., 20122
llea et al. 2014 (a)*®
llea et al. 2014 (b)?
Zhang et al. 2015%
for each question [%)]
for each topic [%]

<

S

©

'c; wn
— ——
@ &
s | R
L o
x =1
°

c >
g | g
S (O]
2

=

Percentage of positive responses
Percentage of positive responses

Title 0 1 1 1 0 0 0 1 1 1 1 1 1 0 1 1 1 71 <«
Keywords 0 0 0 0 1 0 1 1 0 0 1 0 1 1 1 0 41
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94
1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 88
Abstract 57
1 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 29
0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 18
Introduction 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 71 71
0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 88
0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 77
Patient Information 57
0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 18
0 0 0 0 0 1 1 0 1 1 1 1 1 0 0 0 1 47
Clinical Findings 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 88 88
Timeline 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 82 82
1 0 0 0 1 1 1 0 1 0 0 1 1 0 1 1 1 59
0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 1 41
Diagnostic Assessment 34
0 0 0 0 1 0 0 1 1 0 0 1 0 1 0 0 1 35
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 1 1 1 1 0 1 1 1 1 1 1 1 0 71
Therapeutic Intervention 1 0 0 0 1 1 0 1 0 1 1 1 1 1 1 1 0 65 57
0 0 0 0 0 1 0 1 0 0 0 0 1 1 1 1 0 35
0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 0 24
1 0 0 0 0 1 1 0 1 1 1 1 1 1 1 1 1 71
Follow-up and Outcomes 25
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 6
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 18
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 100
Discussion 79
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 100
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 100
Patient Perspective 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Informed Consent 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 12 12
izl mimiosy @ pesitive M 8 7 7 14 17 16 15 17 18 18 21 21 18 18 18 19 15
responses for each case
Methodological quality P P P P P A A A A A A A A A A A A A -
of each study
FereemEgE of positie 37 27 23 23 47 57 53 50 57 60 60 7 70 60 60 60 63 52
responses for each case [%]
A — acceptable; P — poor; 0 — negative answer; 1 — positive answer.
ILIA, with a maximum deviation of 8.4 mm and 5.2 mm that the bevel of the needle influences the deviation of the
from the expected insertion path in the studies reported needle as it passes through the tissues, generating a de-
by Jeske and Boshart*® and Hochman and Friedman,3 viation to the opposite side to the one on which it is lo-

respectively. On the other hand, it has also been shown cated.??-% It could mean a deviation of the needle towards
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Table 4. CAse REports (CARE) checklist questions

Check list item description

Title

Keywords

Abstract

Introduction

Patient Information

Clinical Findings

Timeline

1.The words “case report”should be in the title along with the area of focus.

2.Two to five key words that identify areas covered in this case report.

a) Introduction. What is unique about this case? What does it add to the medical literature?

3.(
3. (b) The main symptoms of the patient and the important clinical findings.
3.(c) The main diagnoses, therapeutics interventions, and outcomes.

3.(d) Conclusion: What are the main “take-away"lessons from this case?

4. One or two paragraphs summarizing why this case is unique with references.
5. (a) De-identified demographic information and other patient specific information.
5. (b) Main concerns and symptoms of the patient.

5.(
5.(

d) Relevant past interventions and their outcomes.

6. Describe the relevant physical examination (PE) and other significant clinical findings.

7.Important information from the patient’s history organized as a timeline.

8. (a) Diagnostic methods (such as PE, laboratory testing, imaging, surveys).

¢) Medical, family, and psychosocial history including relevant genetic information (also see timeline).

623

Diagnostic Assessment

Therapeutic Intervention

Follow-up and Outcomes

Discussion

Patient Perspective

Informed Consent

b) Diagnostic challenges (such as access, financial, or cultural).

) Diagnostic reasoning including other diagnoses considered.

(
8.(
8.(
8. (d) Prognostic characteristics (such as staging in oncology) where applicable.
9. (a) Types of intervention (such as pharmacologic, surgical, preventive, self-care).
9. (b) Administration of intervention (such as dosage, strength, duration).
9. (c) Changes in intervention (with rationale).

a) Clinician and patient-assessed outcomes (when appropriate).

b) Important follow-up diagnostic and other test results.

<) Intervention adherence and tolerability (How was this assessed?).

10. (

10. (

10. (

10. (d) Adverse and unanticipated events.

11. (a) Discussion of the strengths and limitations in your approach to this case.

11. (b) Discussion of the relevant medical literature.

11. (¢) The rationale for conclusions (including assessment of possible causes).

11. (d) The primary “take-away" lessons of this case report.

12. When appropriate, the patient should share their perspective on the treatments they received.

13. Did the patient give informed consent? Please provide if requested.

the posterior part of the PS when performing an IANB.
In this technique, the bevel of the needle should be ori-
ented laterally (internal surface of the ramus of the man-
dible), which increases the possibility of the needle having
a medial and posterior deviation when approaching the
PR (Fig. 2).

In relation to the possibility of anesthetic injections into
the PR, Petersen showed in 1971 that improper applica-
tion of the IANB technique could cause anesthetic to be
deposited in the PR, resulting in an early FP.3° The steps
required to achieve success in the IANB technique are
well documented.?” The essential thing for the dentist is to
feel that the needle is in contact with the internal surface
of the mandibular ramus, which confirms the PS location,
and that the needle is not on the other side. Gay Escoda
and Berini Aytés emphasized the importance of this nee-
dle-bone contact, specifying that this is the only sure way
to prevent injecting the anesthetic into other anatomical
areas close to the PS.3” Thus, the most probable cause

of IFP could be explained by the aberrant penetration
of the anesthetic solution into the retromandibular space
or the fascia of the parotid gland when anesthetizing the
inferior alveolar nerve if the needle penetrates beyond the
posterior edge of the mandibular ramus.3-%

However, the etiology of late FP is not well defined.
Several possible factors have been proposed, such as re-
spiratory infection, immunosuppression, stress, fever,
menstruation, sun exposure, exposure to cold, dental
procedures, and a result of the reactivation of the herpes
virus.2404! Herpes viruses are ubiquitous pathogens that
infect humans and other animal species. In the human
herpesviridae family, 8 different species are recognized,
including herpes simplex virus type 1 (HSV-1) and type 2
(HSV-2), VZV, Epstein—Barr virus (EBV), cytomegalovi-
rus (CMV), human herpesvirus 6 (HHV-6), HHV-7, and
HHYV-8.%2-%6 The reactivation of these viruses cause recur-
rent infections and trigger cell lysis and multiple symp-
toms with clinical manifestations.*>~%
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Posterior

SCM

Lateral Medial

Deflection of the
needle in IANB

Anterior

Fig. 2. Schematic representation of needle deflection during IANB in
transversal section of the right ramus of mandible (image modified from
the article by Knoury et al.*%)

B - buccinator; IAA — inferior alveolar artery; IAN — inferior alveolar nerve;
IAV — inferior alveolar vein; LN - lingual nerve; SML — sphenomandibular
ligament; M — masseter; MP — medial pterygoid muscle; P — parotid gland;
PMF — pterygomandibular fold; R — ramus of mandible; SCM — superior
constrictor muscle; TT — tendon temporal muscle; gray line from PMF to

P — deflection of the needle in IANB.

The mechanisms related to understanding how viral re-
activation triggers FP are not entirely clear, but if anatomi-
cal communication is established, this could explain such
reactivation to some extent. Herpes simplex virus type 1 is
predisposed to a latency period within the neuronal soma
of the neurons present in the trigeminal ganglion,* which
innervates the tongue and gums through the lingual nerve,
which in turn is in close contact with the nerve of the tym-
panic cord (branch of the facial nerve) that carries the para-
sympathetic innervation to the submandibular and sublin-
gual glands, as well as transmits sensory information from
the anterior two-thirds of the tongue.?® These anatomical
and physiological connections allow the local anesthetic
injected near the entrance of the mandibular duct during
IANB to cause a temperature change due to the vasocon-
strictor present in the dental cartridge syringe. This causes
the reactivation of the HSV-1 located in the trigeminal
ganglion, the VZV located in the facial nerve ganglion or
trigeminal ganglion, or the HHV-6 located in the salivary
glands in patients infected with these dormant viruses, as
it has been shown that these viruses are thermogenic.®’
Gaudin et al. studied 16 patients presenting with FP after
a dental intervention, 14 of whom had prodromal symp-
toms consistent with the manifestation of viral reactivation
(lingual tinnitus, dysgeusia, facial numbness, and postau-
ricular pain).”® Two patients were diagnosed with Ramsay
Hunt syndrome (headache, earache and FP). Among the 16
patients analyzed, the IANB technique was used in 8 and

N. Ferrer-Valdivia et al. Facial paralysis: Systematic review

was ipsilateral in all patients with FP in relation to the anes-
thetized side.>® Furuta et al. studied 8 patients undergoing
dental treatment or oral surgery that presented with FP us-
ing serological tests and polymerase chain reaction (PCR).!!
The VZV was detected using polymerase chain reaction
(PCR) in the saliva of 6 patients and HSV-1 was detected
in the saliva of the remaining 2. Similarly, Turriziani et al.
evaluated the viral presence in saliva samples from 95 pa-
tients who presented with IFP within 48 h of onset, and
the following results were observed: HHV-6 was detected
in 63% of patients, HSV-1 in 13% and VZV in 3%.°! There
were also animal studies: Fujiwara et al. injected Wistar rats
with HSV-1, causing FP in them after 3—-5 days.>

Finally, the last explanation presented in the literature
for FP after ILIA is the activation of sympathetic fibers
that surround the stylomastoid artery, causing ischemia
in the facial nerve and subsequent FP. Scientific evidence
supporting this idea is based on studies on experimental
animals that had a vasoconstrictor injected directly into
the facial nerve duct, causing FP.>® Unfortunately, there
are no animal studies or clinical trials that analyzed the
feasibility of generating this effect through the ILIA.

Only 9 patients received some type of treatment
of FP417182022-25 5 were administered corticoste-
roids,!17182024 1 wag given NSAIDs),? 1 received NSAIDs
with an antibiotic (amoxicillin) and vitamin B complex,?
and 1 got vitamin B, cytidine and uridine complexes.? (all
details are presented in Table 5). The scientific literature
reports mainly the administration of corticosteroids, an-
tivirals, or a combination of both. Madhok et al. in their
systematic review of corticosteroid treatment for FP found
that 17% of patients treated with corticosteroids achieved
an incomplete recovery after 6 months of treatment com-
pared to 28% of patients who did not receive treatment.>*
On the other hand, the use of antivirals compared to place-
bos had a nonsignificant detrimental effect on the recov-
ery from FP. In addition, treatment with the combination
of corticosteroids and antivirals showed no benefits com-
pared to treatment with corticosteroids alone.”® However,
these therapies have been described for patients suffer-
ing from IFP in which the etiology is not known, differ-
ent from the scenario identified by dentists, because the
patient manifests early or late FP depending on the case. In
this regard, the dentist has the advantage of knowing that
the etiology of early FP is probably due to the direct condi-
tion of the facial nerve caused by anesthesia or due to the
effect exerted by the vasoconstrictor on the stylomastoid
artery, and they treat this type of FP with the administra-
tion of corticosteroids, while it is recommended to treat
patients with late FP with a combination of corticosteroids
and antivirals due to the possibility of viral reactivation.
There are also other means of patient care available, such
as the use of artificial tears and eye patches to prevent re-
section and lesions of the globe and conjunctiva, and the
use of artificial saliva to prevent oral dryness and the de-
velopment of periodontal diseases and caries.
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Table 5. Facial paralysis treatment
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Study Facial paralysis treatment

Tiwari and Keane, 1970™

Gray, 1978'°
Weinberg et al.,, 1985'°
Ling, 1985'7
Shuaib and Lee, 1990'8
Miles, 19921°

Shenkman et al., 19962°
Tazi et al, 20032"

Vasconcelos et al., 20062
Tzermpos et al,, 20122

llea et al,, 2014%
Zhang et al, 2015%

5 mg of prednisolone 4 times a day orally, facial muscle exercises, protection of the left eye with dark glasses during the day
and a patch at night, mouthwash after meals

not reported in all 3 cases

4 mg of triamcinolone 4 times a day orally for 10 days, with gradual dose reduction
prednisone, dosage not reported
without treatment in both cases
acetylsalicylic acid, dosage not reported
prednisone 1 mg/kg for 5 days
vitamin B complex and cytidine and uridine complex both twice a day

20 mg of prednisone 3 times a day during the 1°t week, 20 mg 2 times a day during the 2" week,
20 mg once a day during the 3 week, and 10 mg once a day during the 4" week and indication of eye lubricant

no treatment (kept under observation)

not reported

without treatment

Limitations

There are some limitations to this study. First, there are
few studies reporting FP cases following ILIA, and there
may be many undocumented cases, making it difficult to
show the true prevalence. Secondly, as far as methodolog-
ical quality is concerned, no studies attained an excellent
level, and there may be a lack of importance for the total
understanding of FP following the ILIA.

Conclusions

The FP following ILIA has a low prevalence. Early FP
CRs presented the effect of the administered anesthetic
on the facial nerve, and the vascular effect of the vaso-
constrictor included in the anesthetic formula, while
more recent FP CRs focused on the reactivation of HSV-
1, HHV-6 or VZV. Furthermore, there seems to be a re-
lationship between the anesthetic technique used and
the risk of FP, with special attention paid in this regard
to the IANB technique due to the anatomical proximity
of the puncture site to the PR and the anatomical space
through which the motor branches of the facial nerve
pass through to innervate the muscles of facial expres-
sion. Close following of the consecutive steps of the
IANB technique are essential to prevent FP because con-
tact of the needle with the bone is perceived as the only
way to verify that the anesthetic is being deposited in the
PS and not in the PR or another anatomical space. How-
ever, ensuring the contact of the needle with the bone tis-
sue can prevent the appearance of only early FP, but not
late FP. The knowledge about appropriate pharmacologi-
cal therapy is important in treating late FP. In addition,
it seems prudent not to associate IFP or Bell’s palsy with
FP that occurs after a dental intervention, because unlike
the former, there is a possible causative factor of the FP

and it is not entirely idiopathic. Furthermore, a scarce but
acceptable level of evidence was observed in the present
study regarding the relationship between ILIA and FP. Fi-
nally, all ILIAs are safe to use in dental practice and must
be properly selected depending on the anatomical area
to be blocked. However, general dentists and specialists
should be updated on the management and treatment
of FP after ILIA. Regarding treatment, based on what is
described in the literature, we suggest corticosteroids if
the FP is early, and a combination of antiviral drugs with
corticosteroids in late FP.
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Abstract

Aldehyde dehydrogenase (ALDH), an aldehyde-metabolizing enzyme, is a cytosolic antioxidant.
It performs many important physiological catalytic and non-catalytic functions in mammalian cells. Apart
from physiological functions, like the biosynthesis of vital molecules, this NAD(P)+ substrate-dependent
enzyme superfamily is primarily involved in catalyzing the oxidation of highly reactive exogenous and
endogenous aldehydes to their respective carboxylic acids. Among ALDH isoenzymes, ALDH1 has gained
much attention as a prominent stem cell marker, as it is associated with the maintenance of stemness
and the differentiation of normal stem cells, in addition to involvement in oncogenic functions, like cell
proliferation, anti-apoptosis and the reduction of oxidative stress in cancer stem cells (CSCs). In this
context, the authors review the physiological functions of ALDH1 in normal cells, normal stem cells and
(SCs, along with the discussion of the putative role of ALDHL in oral carcinogenesis by commenting on its
expression in normal oral mucosa cells, oral potentially malignant disorders (OPMDs), like leukoplakia and
dysplastic lesions, and oral squamous cell carcinoma (OSCC).

Keywords: carcinogenesis, stem cells, oral squamous cell carcinoma, aldehyde dehydrogenase 1
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Introduction

Aldehyde dehydrogenases (ALDHs) are one of the 3
aldehyde-metabolizing enzyme groups found in virtually
all mammalian cellular compartments, the other 2 groups
being aldehyde oxidases and aldo-keto reductases.! The
ALDH NAD(P)* substrate-dependent enzyme superfam-
ily catalyzes the oxidation reactions of highly reactive
exogenous and endogenous aldehydes to their respective
carboxylic acids. In addition to their role in aldehyde oxi-
dation, ALDHs also have their share in other, non-cata-
lytic physiological functions, like the biosynthesis of vital
molecules, i.e., retinoic acid (RA), folate, gamma-ami-
nobutyric acid, and betaine, binding to endobiotics and
xenobiotics, and the absorption of ultraviolet (UV) radia-
tion and its involvement in osmoregulation in humans.?
In humans, the ALDH superfamily is currently com-
prised of 11 families (ALDH1, ALDH2, ALDH3, ALDH4,
ALDH5, ALDH6, ALDH7, ALDHS8, ALDH9, ALDHI1S6,
and ALDH18) and 4 subfamilies, which comprise 19 func-
tional genes.> Among these, the class 1 ALDH gene in hu-
mans is found on chromosome 9, spans about 53 kb and
is comprised of 13 exons that are separated by 12 introns.
ALDH]1 encodes 501 amino acids, including the chain ini-
tiation Met. The 5" upstream region of ALDH1 contains
2 glucocorticoid response elements, which suggests that
ALDH1 may be influenced by hormones.* There are fur-
ther 6 genes in human ALDHI1 family: ALDHIAI; ALD-
HI1A2; ALDHIA3; ALDHIBI; ALDHILI; and ALDHIL2.
Primarily, ALDH1 proteins are localized in cytosol in var-
ious tissues, except ALDH1B1, which has a mitochondrial
localization.® The constitutive expression of ALDH1 in
the tissues of mammals and the multifaceted physiologi-
cal role of ALDHI highlights its diagnostic, therapeutic
and prognostic importance. In this review, we describe
the role of ALDHI in normal cells, normal stem cells and
cancer stem cells (CSCs) in detail.

ALDH1 in cellular physiology

Retinoic acid metabolism

Retinoic acid and its metabolites are important in em-
bryological development, morphogenesis and the regu-
lation of gene expression. The ALDHI1 family includes
ALDHI1A1, ALDH1A2, ALDH1A3, ALDH1A7, and AL-
DH1AS8, which are primarily involved in the catalysis
of retinal to RA. Consequently, RA then enters the nucle-
us, where it induces c-MYC and cyclin D1 transcription,
which promotes resistance to apoptosis and increases cell
proliferation, especially in cells with estrogen receptors.
However, RA can also cause differentiation and apopto-
sis through the transcription of the retinoic acid receptor
beta (RARP). When the endogenous concentration of RA
is low, exogenous RA can activate the ALDH1A1 promot-
er to enhance the production of RA.®
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Acetaldehyde metabolism

Ethanol, a common by-product of carbohydrate metab-
olism, is metabolized to acetaldehyde by several enzymes,
such as catalase, alcohol dehydrogenase (ADH) and cy-
tochrome P4502E1. The reactive oxygen species (ROS)
generated by acetaldehyde contribute to oxidative stress,
which promotes the formation of DNA and protein ad-
ducts. The ALDH1A1 enzyme is involved in acetaldehyde
metabolism — acetaldehyde is subsequently metabolized
to acetate by ALDH2 — and hence ALDH1A1 acts as part
of the cellular anti-oxidative defense system.”

Oxidative stress

Reactive aldehydes are detrimental to humans. They may
be generated when endobiotic and xenobiotic compounds
such as alcohols, amino acids, neurotransmitters, and en-
vironmental pollutants (e.g., food additives, motor vehicle
exhaust, cigarette smoking, pesticides) are metabolized.
Reactive aldehydes are strongly electrophilic, long-lasting
compounds that readily form macromolecule adducts on
proteins, RNA and DNA. Such modifications lead to DNA
damage, enzyme inactivation, cell death, and carcinogen-
esis. The expression of ALDHs is generally upregulated
in response to the oxidative stress induced by aldehydes.
ALDH]1, specifically ALDH1A1, along with ALDH2 cata-
lyze the reactive aldehydes generated as a result of alcohol
toxicity. These reactive aldehydes comprise, among others,
4-hydroxy-2 nonenal (4-HNE) as well as malondialdehyde
(MDA), which are ALDHI1B1 substrates. In addition to
alcohol-induced oxidative stress, ALDHs, specifically AL-
DHI1A1 along with ALDH3A1, are involved in detoxifying
the reactive aldehydes produced by UV radiation by inhib-
iting the formation of 4-HNE and MDA.

ALDH1 in stem cells

Normal stem cells

Increased ALDH activity has been associated with stem-
ness, owing to the consistent expression of ALDHs in the
stem cells of several tissues. Aldehyde dehydrogenases
have also been implicated in the functioning of stem cells,
including expansion, self-protection and differentiation.
Retinoic acid metabolism also contributes to the retinoid
signaling pathway, and thereby plays an important role in
maintaining stemness in stem cells.” The protection con-
ferred by ALDHs in stem cells can be attributed to the de-
toxifying capabilities of the enzymes, mainly against vari-
ous exogenous and endogenous aldehydes. In addition to
aldehydes, ALDH1 also confers protection against various
cytotoxic drugs, like cyclophosphamide and 4-hydroper-
oxycyclophosphamide (4-HC). In vitro experiments in
both murine and human experimental models show that
ALDHI1 inhibition through inhibitors such as N,N-diethyl-
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aminobenzaldehyde (DEAB) results in the expansion and
differentiation of hematopoietic stem cells (HSCs) by de-
laying the GO/G1 transition, which results in a large num-
ber of HSCs remaining in the GO phase.®® Almost all tis-
sues have a stem cell population. In bone marrow, among
the population of stem cells, there are cells of high ALDH
activity. Hematopoietic progenitors and neural stem cells
usually express high levels of ALDH activity (ALDHM cells).
Besides, stem cells from adipose tissue, being multipotent
mesodermal cells, also embrace a ALDHM cell popula-
tion.! Amongst all ALDH isoenzymes, ALDH1A1 seems
to be expressed predominantly in the aforementioned
stem cell populations. Reportedly, ALDH1A1 significantly
contributes to the maintenance of stem cell populations by
restricting cell proliferation through the irreversible con-
version of 10-formyltetrahydrofolate (10-FTHF) into tet-
rahydrofolate (THF).1* As ALDH1 activity in normal stem
cells differs from tissue to tissue, Deng et al. classified tis-
sues into 3 types according to the level of ALDH1 expres-
sion: 1. tissues with no expression or limited expression,
such as lung and breast; 2. tissues with a weaker expression
as compared to others, such as gastric epithelium and co-
lon; and 3. tissues that have a greater expression level, such
as liver and pancreas.!!

Cancer stem cells

Analogous to normal stem cells, the functional contri-
bution of ALDH1 in CSCs mainly revolves around RA me-
tabolism. In the classical pathway, ALDH metabolizes RA
to products like 13-cis-retinoic acid (13-cis-RA), all-trans-
retinoic acid (ATRA) and 9-cis-retinoic acid (9-cis-RA),
which bind to retinoic acid receptor alpha (RAR«) prior
to entering the nucleus. In order to induce the expression
of downstream target RARP, RA binds to RARa and X ret-
inoid receptor (RXR) dimers. This eventually results in cell
differentiation as well as growth inhibition. In contrast to
this, and through non-classical pathways, RA can induce
anti-apoptosis, anti-differentiation and proliferative activ-
ity by activating the phosphoinositide 3-kinase (PI3K) sig-
naling pathway and reducing the activity of protein kinase
C. In addition, in cells with estrogen receptor alpha (ERa)
and peroxisome proliferator-activated receptors beta/
delta (PPARP/S), RA can form heterodimers with these
receptors to upregulate pro-survival genes.®®

Apart from RA metabolism, ALDH plays a significant
protective role by reducing the level of ROS production
and oxidative stress in CSCs, which thus prevents their
apoptosis. Oncogenic pathways, like Notch-DLL4, MUC1-
C, ERK, and Wnt/B-catenin, either upregulate ALDH1
transcription or increase its activity in CSCs (Fig. 1).%12 Re-
gardless of whether oxidative stress is of endogenous (aero-
bic metabolism) or exogenous (due to chemotherapeutic or
radiotherapeutic agents) origin, ALDH can reduce the ROS
level in CSCs. Cancer stem cells are an important contribu-
tor to drug resistance in cancer treatment. Cumulative evi-
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Fig. 1. Potential role of aldehyde dehydrogenase 1 (ALDH1) in normal and
cancer stem cells

ALD - alcohol dehydrogenase; ALDH - aldehyde dehydrogenase;

ATRA - all-trans-retinoic acid; ERa — estrogen receptor alpha; PPARR/6 —
peroxisome proliferator-activated receptors beta/delta; RA - retinoic acid;
RARa - retinoic acid receptor alpha; RARB - retinoic acid receptor beta;
RDH - retinol dehydrogenase; ROS - reactive oxygen species; RXR - X
retinoid receptor; TCF — T-cell factor.

dence of the strong association of chemotherapeutic drug
resistance with ALDHI1 expression in CSCs indicates the
potential role of ALDH1 in molecular targeted therapies
for several cancers. Various mechanisms have been sug-
gested for describing the protective role of ALDH1 against
these cytotoxic drugs, such as the oxidation of the aldehyde
group to carboxylic acid and ultimately the transformation
of the drugs into non-toxic forms, and the induction of RA-
mediated signaling pathway.®

With this knowledge regarding the physiological and
pathological role of ALDHI1 at the cellular level, we at-
tempted to revisit its putative role in oral carcinogenesis
by observing its expression in various premalignant and
malignant lesions of oral cavity.

Methodology
Eligibility criteria

In the present study, we considered P (Population) as
human samples of oral potentially malignant disorders
(OPMDs) and oral cancer; I (Intervention) — immunohis-
tochemical staining for ALDH1; C (Comparison) — nor-
mal oral mucosa; and O (Outcome) — the expression
of ALDHI1 in OPMDs and oral cancer.

Research question

Is there a difference in the expression of ALDH1 in the
samples of OPMDs and oral cancer as compared to normal
oral mucosa based on immunohistochemical staining?
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Search strategy

An electronic search of the PubMed, Google Scholar
and Scopus databases was performed up to October 2021,
using a combination of keywords: “aldehyde dehydroge-
nase 17, “ALDH1” with “oral premalignant/precancerous

” o«

lesion’; “oral premalignant/precancerous condition’, “oral

Y » o«

potentially malignant disorders’, “oral leukoplakia’, “oral

y

erythroplakia’, “oral lichen planus’, “oral epithelial dyspla-

” o« ” « » o«

sia’} “oral submucous fibrosis’, “actinic cheilitis’, “dyskera-

” o«

tosis congenita®, “keratoacanthoma’, “verrucous hyper-

)« ” o«

plasia’, “verrucous carcinoma’; “proliferative verrucous

” « ” o«

leukoplakia’, “smokeless tobacco keratosis’, “discoid lupus

Y » o«

erythematosus’, “cheilitis glandularis’, “xeroderma pig-
mentosum’, “oral cancer’, “oral squamous cell carcinoma’,
and AND/OR boolean operators. Only full texts of origi-
nal research articles published in the English language,
pertaining to the expression of ALDHI1 in OPMDs and
oral cancer were included for the review. Review articles

and abstracts were excluded.

Study selection process

The retrieved records were reviewed systematically
by 2 independent reviewers and any disagreement was
resolved by mutual consensus. Initially, the titles were
reviewed and irrelevant records were excluded. The ab-
stracts of the selected records were evaluated based on
the inclusion and exclusion criteria. In cases of insuf-
ficient abstracts, the full-text articles were analyzed for
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relevance to the topic. The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines were consulted while conducting the review. The
flowchart for article selection is shown in Fig. 2.

Records Records Records Additional repords
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5 PubMed oogle Scopus and other
= (n=271) Scholar (n=69) resources
S (n = 289) (n=0)
£ | | I I
c
3 Duplicates
3 > u

(n =469)
Records selected after removing duplicates
(n=160)

=]
£
S ¢
3
3] Records selected Records unrelated
@ after screening > to the topic and

titles and abstracts research question

(n=45) (n=15)
.‘? ¢
S - Full-text articles
= Full-text articles > excluded as per exclusion
w assesse(: f=o;:)l|g|bll|ty criteria set for eligibility
| (n=12)

t ¢
]
s
E Full-text articles included for narrative synthesis
= (n=18)

Fig. 2. Flowchart for the selection of articles according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines

Table 1. Details of the conducted clinical studies on the aldehyde dehydrogenase 1 (ALDH1) immunoexpression in oral potentially malignant disorders (OPMDs)

Details of the sample Expression pattern of ALDH1

Habiba et al. oral leukoplakia
2017 (n=79
Feng et al.

20137 oral erythroplakia
Feng et al. (n=34)
2020'8

Custédio et al. actinic cheilitis
2018'° (n=43)
Liuetal. oral leukoplakia
2013%° (n=141)
Xuetal. oral lichen planus

2013% (n=101)

oral lichen planus
Mansourian et al. (n=30)
201722 (immunoabsorbent assay
of unstimulated saliva)

Raoetal. oral epithelial dysplasia
2020% (n =40)

Abdulmajeed et al. oral epithelial dysplasia
2013% (n=61)

Marangon etal. VErrucous carcinoma
2019% n=7)

positive expression in 48% of cases

50% and 73% of UT and MT cases exhibit expression, respectively (a 3.02-fold increase in risk)

positive expression in 55.9% of cases

29.4% and 82.4% of UT and MT cases exhibit expression, respectively (an 11.20-fold increase in risk)

ALDH1 immunoreactivity increased in the multiple transformed group as compared to UT cases,

supporting the field cancerization theory
positive expression in 51.1% of cases

positive expression in 38.3% of cases

26.9% and 70.3% of UT and MT cases exhibit expression, respectively (a 4.17-fold increase in risk)

positive expression in 34.6% of cases

30.3% and 66.7% of UT and MT cases exhibit expression, respectively (a 6.71-fold increase in risk)

the mean level of ALDH1 was higher in non-reticular oral lichen planus than in the reticular types

positive expression in 35% of cases

25% and 10% cases showed low and high expression, respectively

increased expression in severe dysplasia as compared to those with minimal dysplasia

negative expression in all cases, suggestive of the indolent behavior of the lesion

UT = untransformed; MT — malignant transformed.
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Results

All the selected studies (n = 18) were systematically ana-
lyzed. Table 1 presents the list of clinical studies focused
on the expression of ALDHI1 in OPMDs. Out of all the
evaluated studies (n = 10), only 4 recorded the follow-up
of patients and observed the association between the ex-
pression of ALDHI and the risk of malignant transforma-
tion in OPMDs (a 3—11-fold increase in risk). The overall
ALDH]1 positivity was reported in 35-56% of all cases
of OPMDs, while no expression was observed for verru-
cous carcinoma. The clinical studies depicted in Table 2
show a wide range (13.5-70%) in the positive expression
of ALDHLI in the tumor cells of (oral squamous cell carci-
noma) OSCC patients. A positive association between the
ALDHI1 expression and the prognostic parameters (the
lymph node status and angiolymphatic invasion) and the
overall survival outcome in OSCC patients was identified
in 1 study.

Table 2. Details of the conducted clinical studies on the aldehyde dehydrogenase 1
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Discussion

Expression in normal mucosa

A few researchers have attempted to examine the
ALDHI1 expression in normal or normal-like oral muco-
sa, only to observe negative immunoreactivity.®!*-15An
in-depth study conducted by Kato et al. revealed a dif-
ferential expression pattern of ALDH isoenzymes in
human palatal mucosa.!® According to their study, the
expression of ALDH1A1 was absent throughout the
epithelium; the expression of ALDH1A1 and ALDH1A3
cytoplasmic protein and mRNA was confined to the up-
per suprabasal layer. However, the signals of ALDHIA3
mRNA in the basal and parabasal cell layers were ob-
served without any protein expression. This discrepancy
could be a result of inadequate translation into protein,
the inhibition of translation initiation or post-transcrip-
tional dysregulation.

(ALDH1) immunoexpression in oral squamous cell carcinoma (OSCC)

Authors, year RS Expression pattern of ALDH1 Inference
of the sample

;/(‘)I]C;Eun etal. (I?ECS%) positive expression in 50% of cases
gg??f'o el (nLS=C2CO) positive expression in 55% of cases
positive expression in 70% of cases
gg;’oiga" (r?§C4CO) 5% and 65% cases showed
B low and high expression, respectively
Abdulmaieed et al 0SCC overexpression of ALDH1 in OSCC as
2013% ) ' (=127 compared to the dysplastic or normal
- counterpart
J2L(J)v2e]r;§|o de Freitas filho etal. or(e;l Sa5n6c)er positive expression in 25.4% of cases
positive expression in 63.6% of total cases
;'(;Jf:z% sl (nTS_C6Cé) weak and strong positive expression in
- 36.4% and 27.2% of cases, respectively
;%Tg;fm etal. (,?EC;O) positive expression in 25.7% of cases
%ﬁ ;;al' (r?i%%) higher expression observed
%?égt al (,?ECS%) positive expression in 46% of cases
0scC
Qian et al. (h=2) negative expression in OSCC
2014%° OPSCC positive expression in 49% of OPSCC cases
(n=65)
g”;rgﬂgon etal. (HOE%CB) positive expression in 47.24% of cases
Prudente de Moraes et al. OscC - o o
201732 (h=52) positive expression in 13.5% of cases

ALDH1 expression was positively correlated
with lymph node metastasis

ALDH1 expression was positively correlated
with carcinogenesis in the lip

ALDH1 reactivity was correlated with higher chances of lymph
node metastasis and lower survival rates of patients

disorganized distribution of ALDH1 expression in cancerous tissue
as compared to dysplastic tissue

increased ALDH1 immunoreactivity was correlated with a higher
grade of oral malignancy
the basaloid variant showed the highest ALDH1 expression (56.3%)

the cancer sphere-formation ability of ALDH1 observed
when co-expressed with other stem cell markers, like SOX2

ALDH1 was significantly associated with histological differentiation,
invasion mode and lymph node metastasis, and hence observed
as a prognostic factor for disease-free survival

higher expression of ALDH1 was not significantly associated
with the clinicopathogologic status of patients

ALDH1 high immunoexpression was positively associated
with angiolymphatic invasion by tumor cells

ALDH1A1 was an independent prognostic factor for survival

ALDH1 expression was higher in the tumor budding area
than in the area outside budding, especially in tumors
with high-intensity tumor budding

the 5-year survival outcome was found to be lower
in ALDH1-positive cases

LSCC - lip squamous cell carcinoma; TSCC - tongue squamous cell carcinoma; OPSCC - oropharyngeal squamous cell carcinoma.
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Expression in OPMDs

Due to being a potent antioxidant enzyme and having
a consistent association with the pathophysiology and clinical
outcomes of various human carcinomas, the role of ALDH1
in OPMDs has fascinated many researchers. The details
of the studies are described in Table 1.}417-2% All the studies
performed an immunohistochemical analysis of ALDH1 in
the biopsied tissue samples; only 1 study used an immunoab-
sorbent assay of unstimulated saliva. Increased ALDH1 ex-
pression and the severity of dysplasia were found to be posi-
tively correlated. Irrespective of the nature of the study and
the sample, the observations of all studies implicate ALDH1
in oral carcinogenesis as well as its prognostic significance in
the risk assessment for malignant transformation in OPMDs.

Expression in oral cancer

The studies not only targeted the ALDHI1 expression
in OSCCs, but also focused on the correlation of the
ALDH] expression with the co-expression of other stem
cell markers, like Bmi-1, CD44, OCT4, ABCG2, and SOX2
(Table 2).151923-32 The overexpression of ALDH1, with or
without the co-expression of other stem cell markers, was
observed to be negatively associated with clinical outcomes
and prognosis in OSCC patients. These observations could
be explained by the contribution of ALDHI1 as a potent
antioxidant enzyme in protecting CSCs from oxidative
damage from endogenous aldehydes, and chemotherapeu-
tic and radiotherapeutic agents. In addition, ALDHI also
helps to maintain the stemness of CSCs through RA me-
tabolism, which explains the mechanism of drug resistance
in ALDH1"M stem cell population-containing cancers. With
the co-expression of other stem cell markers, ALDH1 was
found to significantly contribute to the formation of foci
and spheres as well as invasion and migration, which thus
resulted in more aggressive tumor cells responsible for
a poor clinical outcome in cancer patients.

Conclusions

Apart from its vital role in cell physiology, cumulative evi-
dence shows that high levels of ALDH1 expression is associ-
ated with a greater degree of stemness in CSCs, and suggests
that molecular therapies that target ALDH1 may be prom-
ising anticancer therapies. Aldehyde dehydrogenase 1 was
found to be a prognostic indicator for aggressiveness, survival
and drug resistance in oral cancer. Furthermore, in OPMDs,
the co-expression of ALDH1 with other stem cell markers
could be used to assess the risk of malignant transformation,
thus adding benefit to the prevention of oral cancer.
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Abstract

The management of complex dental trauma can be modulated according to the emergencies that may
arise over time. Clinical management of transverse root fractures may require different therapies based on
situations, such as delay and error in the treatment of an avulsion trauma associated with apical third root
fracture, patient’s poor compliance, or external and internal root resorption. The primary aim of this article
was to review studies regarding root fractures in the permanent dentition and root fracture management.
The secondary aim was to present the inflammatory reaction and the complications (i.e., infections) that
may occur if the International Association for Dental Traumatology (IADT) guidelines are not followed.
In addition, a scenario is devised in which endodontic surgery, despite the baseline patient’s conditions
and negative prognosis, can help to inhibit the inflammatory root resorption and allow the preservation
of soft and hard tissues within a long follow-up from the injury, for the purpose of demonstrating the next
possible implant-prosthetic rehabilitation.

Keywords: dental trauma, avulsion, root fracture, apicoectomy, scanning electron microscopy
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Introduction

Avulsion of a permanent tooth occurs in 0.5-3% of all
tooth injuries. It is most common in young permanent
dentition and it mainly affects the maxillary central inci-
sors.! Tooth avulsion injuries are common in childhood and
adolescence as a result of accidental falls, road accidents
and shocks in sports.? Numerous studies have shown that
tooth avulsion is one of the most serious tooth injuries and,
compared with other types of dental injuries, its long-time
prognosis is highly dependent on the actions taken immedi-
ately after the trauma. In most situations, replantation is the
treatment of choice, but this cannot always be performed
immediately. Moreover, the prognosis of a tooth injury de-
pends mainly on the management of the dental trauma and
is closely related to the complexity of the injury itself.

Dental avulsion management must adhere to the inter-
national guidelines.® Timeliness of the procedure, pres-
ervation of the tooth on a physiologic storage medium,
adherence to the date of root canal treatment and proper
splinting are of fundamental importance to prevent in-
flammatory root resorption and ankylosis caused by in-
fection of root canal system and by damage and loss of vi-
ability of periodontal ligament (PDL) cells.*

The complexity of a tooth trauma depends on the si-
multaneous presence of multiple lesions on the same
tooth element, such as a tooth avulsion associated with
a root or crown fracture, or the presence of a bone wall
fracture. Transverse root fractures may occur as a concur-
rent injury with crown fracture, concussion, subluxation,
lateral luxation, extrusion, or avulsion of the coronal frag-
ment. The most common concurrent injuries are concus-
sion and subluxation. Unfortunately, studies reporting the
incidence of the various dental injuries have not reported
how often these concurrent injuries co-occur with root
fractures.>® Additionally, these injuries almost always oc-
cur at a young age due to the greater liveliness of children.’

The trauma is often connected not only to the teeth but
also to the jaw and, more specifically, to the temporoman-
dibular joint (TM]). The traumas to the TM]J can cause
temporomandibular disorders that may last for a long
time along with occlusion modification, pain and facial
asymmetry.®® Orofacial traumas can be clinically less evi-
dent and cause only enamel loss, but over a long time they
can cause hypersensitivity of the tooth or loss of pulp vi-
tality.!%!! To prevent dental or TMJ trauma in certain risk
categories, such as subjects who practice extreme sports
or patients with high risk factor, the use of a mouth guard
is recommended.!?

Patients with increased overjet, amelogenesis problems,
syndromic patients, as well as neurological (epilepsy) or
psychiatric patients commonly suffer from dental trauma.
For example, syndromic patients are at high risk of se-
vere malocclusions, dental malformations and poor oral
hygiene due to the lack of collaboration®? that can cause
destructive caries which lowers tooth resistance.!*~1#
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In cases of trauma, it is essential to inform patients
and their caregivers about the therapeutic protocols and
follow-up periods. Nowadays, information can easily be
distributed via the Internet and telemedicine.!*-2!

The complexity of dental avulsion cases requires an ap-
propriate multidisciplinary therapeutic approach, which
must consider periodontal, orthodontic, surgical, and
prosthetic issues. A long-term prognosis, entailing the
need to face various clinical scenarios (e.g., tooth ankylosis,
loss of bone support, implant rehabilitation in adulthood)
should also be taken into account.?”? In most cases, the re-
plantation of the tooth and its preservation over time help
to protect the alveolar bone around the site of the trauma
and may offer significant long-term advantages in prepara-
tion for definitive implant-prosthetic treatment.?*

The primary aim of this article is to review the literature
regarding root fractures in the permanent dentition and
their management. The secondary aim is to present the
complications that may occur if the international guide-
lines are not followed.

Material and methods

A narrative literature overview to discuss the manage-
ment of dental root fractures was carried out. Case defi-
nitions and classifications, diagnostic considerations, and
the clinical protocol of the emergency management and
inflammatory reaction were reviewed and analyzed.

Root fractures

Epidemiology and classi cation

Dental root fracture involves the dentin, cementum
and pulp. The fractures can be vertical or transverse."®
Vertical fracture usually requires tooth extraction and
prosthetic rehabilitation. Transverse root fracture can be
oblique with varying orientations and is classified as: i)
fracture of the apical third of the root; ii) fracture of the
middle third of the root; iii) fracture of the coronal third
of the root that can be: a) subcrestal; or b) supracrestal.

Physiological responses and healing

According to Andreasen et al.,! the existing physiologi-
cal responses of the tooth and its associated tissues to
root fractures are as follows:

— healing with hard dental tissue interposition;

— healing with connective tissue interposition;

— healing with bone and connective tissue interposition;
and

— no healing with inflammatory granulation tissue inter-
position in the fracture line, as a result of pulp necrosis
and infection of the pulp space in the coronal fragment.
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The pulp and PDL cells are stimulated only in the first
case, and in 0.5-7% of cases almost complete restitu-
tio ad integrum is achieved.! The infection of the canal
system and necrosis of the apical and coronal fragments
of the tooth are the reasons for the lack of healing in 22%
of teeth with root fractures.®

Emergency management

Emergency management depends on the displace-
ment of the coronal fragment and the level of the root
fracture.®

Lateral luxation or extrusion of the coronal fragment
require repositioning back into the sockets. If the avul-
sion of the coronal fragment has occurred, it should be
managed as a tooth avulsion.®

The management of root fractures in the apical and
middle thirds, as well as those that are subcrestal in the
coronal third of the root, require the same conservative
protocol. However, supracrestal fractures in the coronal
third are managed differently.®

Clinical protocol
Repositioning and splinting

If the coronal fragment is displaced, it should be repo-
sitioned, and a splinting should be applied. Splints should
be made by stainless steel wire bonded with composite
resin to the labial surface of the affected tooth and to
1 or 2 teeth on either side of the affected tooth. Splints
should restrict the movement of the coronal fragment.
Rigid stabilization offers the best conditions for healing
and, if present, a splint also stabilizes the fracture of al-
veolar bone. The recommended duration of the splint use
is from 4 weeks up to 4 months.®

Root canal treatment

Since the prognosis for pulp recovery is favorable,
root canal treatment should not be initiated at the
emergency appointment. The clinical approach is to
“wait and see”. Moreover, maintaining the pulp vitality
allows for the possibility of healing with hard dental
tissue interposition.®

Antibiotic therapy

Antibiotics are not indicated unless the coronal frag-
ment has been avulsed.®

Follow-up
Regular follow-up is essential and should be performed

at 4-week intervals while the teeth are splinted, and then
at 3-month intervals for the first year.®
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Management of the in ammatory reaction
and complications on an infectious basis

Clinical cases may present with varying degrees of com-
plexity that may not always be diagnosed in the time
frame indicated in the International Association for Den-
tal Traumatology (IADT) guidelines. In fact, if the guide-
lines are not followed, infectious complications may oc-
cur, which often require a more complex clinical strategy,
such as the removal of broken apices due to the lack of im-
provement or endodontic surgical resection.

Complications of infection

On some occasions, patients are diagnosed only after
a significant amount of time has passed since the injury.
The vast majority of these are patients of developmental
age (i.e., adolescents or young adults). In such situations,
it is not possible to follow the management protocols
included in the IADT guidelines. Dental trauma and its
incorrect management can lead to consequences with a
major impact on dental esthetics and oral health-related
quality of life. Dental trauma may involve the 2 maxillary
central incisors and a fracture of the apical third of the
roots, fracture of the alveolar process on the palate or
buccal side, or a complete tooth avulsion of the coronal
fragment.

Infections may occur if the international guidelines
for the treatment of root fractures are not followed, in
particular, if the teeth are dry stored after the avulsion,
and then are reimplanted and splinted using a fixed orth-
odontic splint, as well as if the patient does not undergo
endodontic treatment to remove the splint. The most
frequent infections are repeated abscess episodes that af-
fect the teeth involved in the trauma. The results of clini-
cal examination show spontaneous pain and dull sound
of the involved teeth upon percussion, light teeth extru-
sion, poor oral hygiene and mobility evaluated based on
Miller’s classification. In such cases, routine radiological
examinations (intraoral X-ray images) are prescribed.

The radiological aspect of no healing is shown in
Fig. 1. No healing occurs if the pulp of the coronal frag-
ment becomes necrotic and infected, with interposition
of granulation tissue that extends into the adjacent bone
and evidence of radiolucency extending laterally. Figure 1
also shows external inflammatory resorption in the apical
third of the root and signs of bone periapical radiolucency.

Cone beam computed tomography (CBCT) may often be
required as a follow-up to assess the involvement of sur-
rounding tissues, the amount of external and internal root
resorption on the involved teeth, the anatomy of the root
fracture of the apical third, and displacement of the coronal
segment. Figures 2 and 3 illustrate CBCT parasagittal im-
ages that confirm the results of the intraoral radiographs.
The diastasis between the coronal and apical fragments
of #11 appear to be more evident on the fracture line and
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Fig. 1. Dental trauma left untreated for a period of 4 months after the injury

A - avulsion trauma managed with the coexisting fracture of the apical
third of the root of tooth #11 at 4 months after the injury; B — treated tooth
#21 when inflammatory external and internal root resorption was already
visible and progressive.

Fig. 2. Three-dimensional (3D) reconstruction of the upper arch by using
cone beam computed tomography (CBCT)
Tooth #21 shows external inflammatory resorption and tooth #11 the

fracture of the apical third of the root. Additionally, tooth #11 shows a gap
between the root and the crown portion.

Fig. 3. Series of the parasagittal images from CBCT of the 2 central incisors
at 4 months after the injury

upper row — tooth #11; lower row — tooth #21.

the presence of a “new apical foramen” is highlighted. In
addition, areas of external inflammatory resorption on the
apical fragment are evident and the fracture line appears

jagged. The images relating to #21 appear suggestive for ex-
ternal inflammatory resorption, particularly on the vestib-
ular side, which is the site of concomitant bone inflamma-
tion in the parasagittal image #48. Internal pulp resorption
can also be observed at the apical third of the root.

Endodontic surgical resection
in cases of persistent infections

The inflammatory reaction that results in no healing is
caused by the infection of the root canal system. In cases
of root fracture, the infection occurs at the fracture site
rather than in the periapical tissues. The coronal fragment
has a “new apical foramen,” which is now situated at the
fracture line rather than at the apical end of the root. Root
canal therapy of the coronal fragment can be initiated and
calcium hydroxide intracanal medication can be admin-
istered. If symptoms persist (i.e., abscess episodes and/
or mucous fistula), an apicoectomy can be performed.
Figure 4 shows the fractured apical root fragment being
removed and retrograde closure of the new root apex,?
which in one case is at the apicectomy level #11 and in the
other at the root fracture line #21.26”

Fig. 4. A, B, C — interceptive therapeutic treatment (apicoectomy) performed
on tooth #21 due to the persistence of apical infection. Apicoectomy was
performed when inflammatory resorption was already present, trying to
block the resorption and promote the healing of the periodontal ligament
(PDL) and the adjacent bone tissue. The operation consisted in removing at
least 3 mm of the root apex of tooth #21, and in each case, it involved the
entire area affected by internal and external inflammatory resorption; D, E,

F — apicoectomy performed on tooth #11 due to the presence of a mucous
fistula after 8 months of calcium hydroxide intracanal medication of the
coronal fragment, and the lack of healing between the apical and coronal
parts of the broken tooth. The treatment consisted in removing the broken
apical third and straightening the neo apex, followed by the retrograde
obturation of the apical opening with mineral trioxide aggregate (MTA) for
both tooth elements. The fractured apical root fragment was removed,and
both apices were analyzed by means of scanning electron microscopy (SEM)
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In ammatory root resorption and itse ects
on the morphology of dental hard tissue

Resorption following infection may affect both the
coronal and apical fragments. Additionally, involved
root surfaces include the outer surfaces and it is not
uncommon to for internal resorption to occur. Scan-
ning electron microscopy (SEM) is an important tech-
nological aid for the analysis of the surface of the roots
that are removed during endodontic surgery. Scanning
electron microscopy enables the analysis of root mor-
phology and the description of anatomy after resorp-
tion. The images presented in this review were captured
with a SEM Hitachi Model S2460N (Hitachi, Tokyo,
Japan) microscope with an acceleration voltage of 20
kV beam, and current of approx. 70 pA. The images
present the SEM analysis of the surfaces of the frac-
tured apical portion of #21 and the excised apical por-
tion of #11. Interestingly, the area of the fracture of the
apical fragment shows a geometric organization with
vertical faults. As demonstrated earlier, fracture resis-
tance is influenced by several factors, such as density,
the diameter and the degree of obliteration depending

Fig. 6. SEM image of the apex of tooth #11 at x110 magnification

on the patient’s age, presence of dentinal tubules and
dentin microcomposition, which displays lower frac-
ture resistance in deeper layers.?%?

Figures 5 and 6 show the root apexes of 2 excised
fragments. On the root surface of tooth #21 (without
root fracture), clear external resorption areas are vis-
ible even at lower magnification (x40); the same areas
of resorption are less visible on the surface of tooth
#11 at a higher magnification (x110). This indicates
that the degree of external resorption was higher for
#21 than #11.

The areas of resorption of tooth #11, that presented
with the fracture of the third apical portion of the root,
are more limited and shallower than those observed on
the root surface of tooth #21, which has been completely
avulsed, where the resorption was more aggressive and
the lesions appeared to be diffuse, destroying the root
surface (Fig. 7,8).

Fig. 7. SEM images showing the areas of external inflammatory resorption
at different magnification on the root surface of tooth #21

A = x90; B - x200; C - x60; D - x45.

Fig. 8. SEM images showing the areas of external inflammatory resorption
at different magnification on the root surface of tooth #11

A —x45; B — x60; C - x80; D — x700.
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Figures 9 and 10 show the surface of the 2 removed api-
cal fragments of tooth #21 and #11, respectively. Interest-
ingly, the surface of the fracture that is visible on the api-
cal root fragment removed during the apicoectomy of #11
is characterised by the presence of regular steps, reflect-
ing a repetitive pattern.

Fig. 9. SEM image showing the border between the milled surface during
apicoectomy, visible on the left side, and the root wall, on the right side,
of tooth #21 (magnification x80)

Fig. 10. SEM image showing the fracture surface of tooth #11, visible on
the removed apical root fragment. The fracture surface is grooved, with
regular organization forming successive steps (magnification x45)

Micrographs are taken and energy dispersive spectros-
copy (EDS) analysis is performed in the step regions in
order to provide further information on fracture modal-
ity. Chemical analysis (microanalysis) with SEM can be
performed by measuring the energy distribution and
X-ray intensity generated by an electron beam on the
sample using the EDS. This enables to identify and quan-
tify the chemical elements in a given surface. The analy-
sis indicates the percentage changes in the composition
of phosphorus (P) and calcium (Ca) along the selected
line, respectively, on the horizontal side (Fig. 11) and on
the vertical side (Fig. 12) of one of the steps visible on
the fracture surface. The point analysis, carried out at

7 measuring points selected along the tested lines, also
confirms the stability of the P and Ca percentages. The
analysis of microanalytical maps of the element distribu-
tion clearly emphasizes the heterogeneity in the transition
areas between the horizontal and vertical parts.

Fig. 11. Elemental analysis performed on the horizontal side of the

step visible on the fracture surface of the apical fragment of tooth #11.
The analysis of the energy dispersive spectroscopy (EDS) line shows
phosphorus (P) changes along the lines in red (A) and changes in calcium
(Ca) marked in green (B)

Fig. 12. In-line EDS analysis performed on the vertical surface of the step

Follow-up management

Follow-up should be performed at 4-week intervals while
the teeth are splinted, and then at 3-month intervals for the
first year. If no adverse clinical findings are evident, the an-
nual visits should be arranged for the subsequent 5 years.
Then, the tooth should be reassessed every 3—5 years. Fol-
low-up visits are necessary to monitor pulp vitality, PDL
cells vitality, periodontal status, and optimal oral hygiene
maintenance through percussion, palpation, mobility tests,
and periapical radiographs.®® Pulp vitality must be assessed
at every follow-up visit using cold and electric tests.3!

Periodontal ligament cells need to be monitored to
ensure that they remain healthy. They are assessed with
periapical radiographs, percussion, palpation, and mobil-
ity tests. Periodontal probing is recommended in all cases
with coronal third root fractures and when an apicectomy
has been performed.?” Patients must maintain excellent
oral hygiene to avoid bacterial contamination of the root
canal system.3?
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Figures 13 and 14 show periapical radiographs at
6 months after the 1% (Fig. 13) and 2"¢ apicoectomy
(Fig. 14A) and at 24 (Fig. 14B) and 30 months (Fig. 14C)
after the trauma, with complete remission of clinical and
radiographic symptoms.33

Fig. 13. Radiographs at 6 months after the apicoectomy of the upper
central teeth (A-C)

Fig. 14. Radiographs at 6 months after the apicoectomy of tooth #11
and at 18 months after the trauma (A), at 24 months after the trauma (B)
and at 30 months after the trauma (C). Apicoectomy allowed the drastic
decontamination of the periapical canal system and stopped the root
resorption phenomenon

Discussion

The complexity of dental trauma results from several
co-occurring elements that contribute to an increase in
risk factors and a reduction in the long-term prognosis
of the involved dental elements. The simultaneous pres-
ence of avulsion, apical third root fracture, non-com-
pliance with the treatments according to the guidelines
and, consequently, the early appearance of clinical signs
of infection and inflammation define a complex clinical
picture. Managing complex injuries requires a holistic
approach that involves different dental professionals at
different time points to guarantee the functionality and
aesthetics of trauma areas.®3+-36

This paper focused on the management of transverse
root fractures in dental trauma. Epidemiology and classi-
fication of transverse root fractures, as well as the physio-
logical responses to healing, emergency management and
clinical protocols were presented. Injury management of-
ten involves clinical situations that are far from approved

guidelines and protocols. Indeed, it may be necessary to
treat a patient with dental trauma and a concomitant frac-
ture outside the recommended and guideline-prescribed
times and procedures..

Maintaining optimal oral hygiene is essential and should
be checked at all follow-up visits. In the case of apicectomy
or root fractures, the new root is shorter and the plaque
must be constantly controlled. Plaque formation within
the gingival sulcus is a long-term risk factor that can lead
to the penetration of bacteria along the periodontium
and infection of the root canal system. In order to avoid
possible infections, it is extremely important to maintain
optimal oral hygiene conditions in the first phase of heal-
ing and during the splinting period. This can be achieved
through the topical application of concentrates of Camel-
lia sinensis and ozonated olive oil, which are effective in
controlling the clinical indexes of periodontal disease
and gingivitis.?’~* The reduction of pain and maximum
compliance with the necessary therapies can be achieved
through the use of a holistic medicine approach, as re-
cently demonstrated using photobiomodulation, kinesiol-
ogy taping, and the use of lactoferrin to implement bone
regeneration processes. -4

On the other hand, the irreversibility of infectious phe-
nomena, such as inflammatory resorption, despite end-
odontic treatment undertaken even a long time after the
injury, emphasizes the importance of obtaining sterility
of the root canal system as soon as possible. Sterility is
essential to avoid triggering progressive inflammatory
resorption or ankylosis, and the lack of healing between
the apical and coronal fragments in cases of root frac-
tures.®* The latter clinical scenario suggests a necessary
modulation of therapeutic choices towards interventions
to guarantee the durability of the teeth involved in the
trauma within the oral cavity.

Conclusions

Teeth with transverse root fractures present a favor-
able long-term prognosis if the fracture is subcrestal and
localized in the apical and middle third of the root. Pro-
viding the best conditions for healing, repositioning and
stabilization of the fragment is very important. However,
when a transverse root fracture is accompanied by other
injuries, such as the avulsion of the coronal fragment, the
degree of treatment difficulty increases and the long-term
prognosis decreases. In different clinical scenarios, heal-
ing response was suboptimal and patients had pulp ne-
crosis, delayed treatment due to a lack of compliance and
infectious complications. Difficult cases can be managed
with root canal treatment and recommendations exist for
these surgical therapeutic solutions that allow for the lon-
gest maintenance of the teeth. The choice of the thera-
peutic solutions can impact future implant-prosthetic re-
habilitation by preserving soft and hard tissues.
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Introduction

Temporomandibular disorders (TMD) encompass
a group of musculoskeletal and neuromuscular condi-
tions that involve the temporomandibular joints (TMJs),
masticatory muscles and associated tissues.! Temporo-
mandibular disorders have been categorized into myoge-
nous (masticatory muscular problems) and arthrogenous
(problems with the TMJ components), the latter includ-
ing internal derangements, arthralgia, osteoarthritis, and
osteoarthrosis, which can be manifested by TM] pain,
TM]J noises during jaw function, jaw deviation, and func-
tional limitation.?

Temporomandibular disorders are a significant pub-
lic health problem affecting approx. 5-12% of the gen-
eral population, and they are the second most common
musculoskeletal condition (after lower back pain).?
Temporomandibular disorders have been identified
as the main cause of non-dental orofacial pain, with
the most common symptoms being pain aggravated
by mandibular function, limited mouth opening and
joint sounds (described as “clicking”, “popping” and
“crepitus”).! Orofacial pain affects patients’ social func-
tioning, and physical and psychological well-being.
Likewise, the chronic nature of the pain substantially
reduces quality of life,* probably due to the anxiety,
stress, depression, physical and social disability, im-
paired work capacity, decreased productivity, social
costs, and reduced economic income, which under-
scores the need for medical attention.”

General therapeutic goals for TMD involve restor-
ing function, reducing pain, improving quality of life,
and reducing the need for future treatment. However,
since pain is an individual experience and each patient
is exposed to different risk factors, each case should re-
ceive a customized therapeutic approach. Additionally,
the structural damage may present different degrees
of progression, and therefore a therapeutic goal may be
different for each patient.® The management of TMD
consists of a combination of medical-behavioral strat-
egies, including non-invasive ones (i.e., patient educa-
tion, relaxation techniques, coping strategies, home self-
care programs, biobehavioral therapy, physical therapy,
pharmacotherapy, and orthopedic therapy with occlusal
appliances), and minimally invasive and open surgical
procedures. In the majority of cases (75-90%), which
are either joint or muscular TMD, positive results can
be obtained from conservative and reversible interven-
tions,” but in patients refractory to conservative treat-
ment and/or where anatomical-structural disorders are
a substantial source of pain and limitation, minimally
invasive procedures can be considered.® Recent litera-
ture suggests that arthrocentesis, followed by the intra-
articular injection (IAI) of different therapeutic agents,
may be effectively used to treat arthrogenous TMD.?
During these procedures, needle insertion is tradition-
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ally performed based on anatomical landmarks (the
blind technique), with a potential risk of damage to the
surrounding structures. To improve the precision of the
procedure and reduce potential surgical damage, US has
recently been suggested as an aid to guide punctures
during arthrocentesis and IAls.

The aim of the present review is to describe the poten-
tial advantages and the clinical technique of US guidance
for TMJ arthrocentesis and IAIs.

Methodology

An electronic search of the medical literature was per-
formed on July 30, 2021 and revised on January 25, 2022.
The search was carried out in the PubMed, Scopus and
Google Scholar databases, using controlled vocabulary.
The authors used both MeSh (Medical Subject Headings)
terms and free-text keywords for searching relevant arti-
cles. The keywords used were: “temporomandibular joint
disorders”; “arthrocentesis”; “injection”; “ultrasound”;
and “ultrasonography” The search strategy was adapted
for each database. The search was limited to articles in
peer-reviewed journals that were written in the English
language. The process was repeated across all databases
to ensure that no relevant articles were lost during the
identification phase.

Studies conducted on patients (or cadavers) that re-
ceived TM] injections and/or arthrocentesis guided by
US were considered for inclusion. Studies on humans
of both genders without age limitation were taken into
consideration. Studies included clinical trials (random-
ized and non-randomized), prospective and retrospective
observational studies, case reports, case series, cadaveric
studies, and technical notes, without restriction on the
publication date. Only articles available as full texts that
presented the descriptors in their title, abstract or main
text were included. Narrative reviews, in vitro studies,
duplicates between databases, and studies not reporting
relevant data were excluded. No limits were applied with
regard to the publication status. After verifying the avail-
ability of articles, the titles and abstracts of all the records
obtained through the literature search were screened, and
the full texts of the records meeting the inclusion criteria
were retrieved for examination. After screening, the bibli-
ography of the included studies and review articles on the
subject were hand-searched for any missed references.
All the reported outcomes and methods were identified,
and they were recorded in a standardized data extraction
sheet formulated in Microsoft Excel with information
about: authors; the year of publication; the study design;
the condition to be treated (a TMD diagnosis); the num-
ber of case subjects; the technique; the joint space (upper
or lower); the US transducer; the drug injected; the num-
ber of control subjects; the route of US scanning; and the
main results.



Dent Med Probl. 2022;59(4):647—656

Results

Search results

The flowchart for article selection is shown in Fig. 1. After
the removal of duplicate articles, a total of 141 records were
identified, and then screened based on title and abstract. Af-
ter the inclusion/exclusion criteria were applied, 13 articles
were full-text reviewed and 3 additional records were identi-
fied through the manual search of the reference lists from the
retrieved articles, and were added for a total of 16 articles.
Among the selected articles, 4 were randomized clinical trials
(RCTs),>'2 1 was a non-controlled clinical trial (CT),!3 3 were
retrospective studies (RSs),'*"1¢ 1 was a case report (CR),"”
2 were technical notes (TNs),'8° 3 were cadaveric studies
(Cad),®22 and 2 were systematic reviews.?>?* The details
of the included primary studies are presented in Table 1.

Pubmed Scopus Web of Science
(n=143) (n=44) (n=30)

\ \ {

Articles screened after removing duplicates
(n=141)

}

Articles after title and abstract screening

(n=40)

Additional references References excluded
identified through (n=27) for:
the manual search > @ inadequate study design
of the reference lists @ non-English language
from the retrieved articles ® animal-based study
(n=3) o full-text non available

'

Total articles included
(n=16)

Fig. 1. Flowchart of the literature selection process

Minimally invasive procedures for TMJ pain

The literature describing TM] pain management sug-
gests that non-invasive strategies should precede invasive
procedures?; this conservative approach proposes to per-
form all non-interventional procedures before executing
minimally invasive procedures, such as IAI and arthro-
centesis to restore jaw function and relieve pain.? The IAI
of hyaluronic acid (HA) alleviates pain and the functional
symptoms of TMD.?>~? However, other drugs, such as
corticosteroids (CSs) and non-steroidal anti-inflammatory
drugs (NSAIDs), can be used with satisfactory results.”” In
a systematic review, Ferreira et al. reported that HA ap-
peared to be more effective for pain resolution as compared
to placebo or other therapies in arthrogenous TMD.26

649

Temporomandibular joint arthrocentesis (first described
in 1991 by Nitzan et al.) is a simple, minimally invasive, in-
expensive, and highly effective procedure that involves the
irrigation of the upper joint space to remove the synovial
fluid and inflammatory elements.?® Its main purpose is to
clean the joint space, remove inflammatory products, re-
lease disk adhesions, reduce pain, and mobilize the joint, for
which several techniques have been described in the litera-
ture.?’ Sentiirk and Cambazoglu classified these techniques
based on the number of punctures — either double-punc-
ture arthrocentesis (DPA) or single-puncture arthrocente-
sis (SPA).2° Single-puncture arthrocentesis is subclassified
by the number of needles into 2 categories: type 1 (single-
needle cannula method); and type 2 (double- or dual-needle
cannula method).?’ Recent evidence suggests that SPA is as
efficacious as DPA for pain reduction and mandibular range
improvement; moreover, there is no superiority of SPA over
DPA with regard to the secondary operator-related factors
(e.g., the ease of operation, the operating time) and patient-
related outcomes (e.g., the range of motion improvement,
patient satisfaction).3? In general, arthrocentesis can im-
prove jaw function and reduce pain in patients with disk dis-
placement without reduction and osteoarthritis. However,
there are inconsistent findings about its possible superiority
over other kinds of treatment for TMJ pain, with the excep-
tion of its superiority over splints.>* Furthermore, a meta-
analysis by Al-Moraissi et al. showed that non-invasive pro-
cedures had significantly lower therapeutic quality in terms
of pain reduction and improvement of mouth opening,
which supports a paradigm shift in the treatment of arthrog-
enous TMDs.? This recent evidence, although based on pri-
mary studies of very low to moderate quality, indicates that
minimally invasive procedures (particularly in combination
with the IAI of platelet-rich plasma (PRP), HA or CSs) are
significantly more effective than the conservative treatment
in reducing pain and improving mouth opening in the short
and medium term in arthrogenous TMD cases. Therefore,
minimally invasive procedures should be considered as first-
line treatment.? Nonetheless, a systematic review by Li et al.
suggests that when conservative treatment fails, early arthro-
centesis may result in the greatest improvement in mouth
opening and pain relief; however, when it is applied as initial
treatment, without attempting the conservative treatment at
first, the outcome may be less satisfactory.3*

Temporomandibular joint arthrocentesis seems to be
very safe given that a minimal number of major complica-
tions have been reported, and the ones reported are gener-
ally transitory, mostly due to the effect of anesthetic drugs
or the extravasation of fluids to the surrounding soft tis-
sues.*® While the permanent complication rate is 0%, some
short-term complications have been reported, such as facial
nerve injury, preauricular hematoma, superficial temporal
artery injury, the development of an arteriovenous fistula,
joint bleeding, intracranial perforation, severe bradycardia,
needle breakage inside the joint, failed needle insertion,
the leakage of the washing liquid into the extra-articular
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Table 1. Primary studies on the ultrasound(US)-guided temporomandibular joint (TMJ) interventional procedures

US-guided procedure

Condition Cor!trol
(blind .
to be . iniected | techni Main results
treated technique injected | tec r;:que)
15 MHz
Parra et al. 83 linear with US guidance, the needle tip was
2010™ RS A (180) Al Uorl or 8 MHz s - P located intra-articularly in 91%
curvilinear
efficacy of 92.06%;
L in 100% — pain resolution,
|2—|g1b2||?5| etal. RS JIA (2‘31) IAl NR NR CSs = NR in 714% — chewing dysfunction diminished,
in 92.8% — jaw deviation diminished
with US guidance
Dayisoylu et al. 9 7 MHz B ' _
2013 N NR (NR) DPA U linear HA cp technique description
Levorova et al. NR 7.5-14 MHz : _
201519 TN NR (NR) |Al L linear NR - CcP technique description
Sivri ot al 10 US-guided arthrocentesis was not more
5 RCT DD DPA U NR HA DPA CP successful than the conventional technique
2016 (NR) ) ;
and it took more time
o — e 1 high- us ggldapce increased the efficacy of IAl,
7 CR ! IAl NR  frequency  CSs - CcpP especially in the presence of TMJ structural
2016 abnormality (1) ) -
linear abnormality
Ayoub 34 US-guided IAl to the upper joint space
Al-Delaymeetal.  CT DD IAl U NR PRP - NR brought the alleviation of signs and
15 (NR)
2017 symptoms
Resnick et al 23 high- no statistical differences in short-term
s ' RS JIA IAl NR 9 CSs  type Il SPA NR outcomes, but the procedure times were
2017 (35) frequency ) )
longer for the image-guided group
the US-guided group showed a significant
Antony et al 40 reduction of pain in the immediate
201 91oy ' RCT DD (NR) DPA u NR - DPA CcpP postoperative period; however, it showed no
significant alleviation of the overall symptoms
as compared to the blind technique
no significant difference in pain between
Bhargava et al. 10 12 MHz the groups, US-guided SPA minimized
2019 RET Lo (NR) L linear . e the number of attempts of needle
manipulation
US guidance was effective in type Il SPA in
Senturk et al. 12 B the long term; however, it did not improve
20192 RCT oD (12) typellSPA- U NR type Il SPA P the outcome results as compared to the
blind technique
the accuracy of US-guided IAl was
significantly greater as compared to the
blind technique (95% vs. 55%), the success
Chaetal. 10 5-20 MHz coloured rate for IAl into the upper joint space
20192 = A (10) a JamdlL linear agents a < was similar for both techniques, US-
guided IAl into the lower joint space had
a much higher success rate than the blind
technigue (90% vs. 30%, p = 0.020)
Chamos et al 13 |Al' was successful in all cases, the median
Np ' Cad NR IAl UandL  NR NR - CcP time period between the skin puncture
2019 (25)
and IAl was 23 s
high-frequency US linear probe
(7.5-20 MHz) and US preset in the MSK
mode helped to reach the optimal image
Torres-Gaya et al. NR 13-6 MHz definition, the US probe placed oblique
202122 = R (NR) DI Y linear i ol relative to the zygomatic arch facilitated

orientation and puncture, introducing the
needle parallel to the probe major axis
allowed greater precision and safety

RS - retrospective study; TN - technical note; RCT — randomized clinical trial; CR — case report; CT — clinical trial; Cad — cadaveric study; JIA - juvenile
idiopathic arthritis; DD — disk displacement; IAl - intra-articular injection; DPA — double-puncture arthrocentesis; SPA — single-puncture arthrocentesis;

U — upper; L — lower; CS - corticosteroids; HA — hyaluronic acid; PRP — platelet-rich plasma; CP — coronal plane; OP - oblique plane; MSK — musculoskeletal;
NR - not reported.
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space, damage to the joint surface, and allergic reactions.?
One promising strategy proposed to prevent some of these
drawbacks is US guidance for needle insertion.

Ultrasound fundamentals

Ultrasound is a widely available, low-cost, non-invasive,
and safe medical imaging method that enables real-time
observation.'®? In this method, images are obtained
based on the propagation and reflection of high-frequency
sound waves in tissues. Ultrasounds are oscillating sounds
with frequencies from 2 MHz to 20 MHz, which are be-
yond the upper limit that humans can hear.?® These sound
waves are emitted by a transducer placed on the patient’s
skin, combined with a water-soluble gel as a coupling
agent.” The transducer acts as a transmitter and a receiver
of acoustic energy, and then transforms it into images.3®
The emitted US waves are partly reflected when they pass
through tissues, with a reflection coefficient that depends
on the characteristics of different anatomical structures.

Ultrasound offers several advantages for dentomaxillofa-
cial images, such as portability, the possibility of dynamic
and repeated examinations, patient comfort, and avail-
ability.?* Sonograms (US images) are sections of the region
of interest, of a particular thickness, generated along the face
of the transducer, which are composed of different shades
of gray, where the brightness/darkness depends on the fre-
quency of the reflected echoes, which in turn depends on
the ability of a tissue/structure to reflect or absorb sounds;
this concept is known as echogenicity. In sonograms, tissues
are classified according to their echogenicity: hyperechoic
or echogenic (very bright) — highly reflective tissues, such
as bone or cartilage; moderately echogenic (bright), such as
glands; hypoechoic (fairly dark), such as blood vessels and
muscles; and anechoic (very dark), such as liquids and air.3

A US examination is a procedure that is highly depen-
dent on the skill and experience of the operator. Differences
of opinion between researchers/clinicians may be due to the
lack of standardization in the performance of the examina-
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tion,*® probe selection and the configuration of equipment,
all of which may generate differences in the interpretation
of the results.*! Nevertheless, researchers have proposed
the use of US as a promising screening tool for the evalua-
tion of maxillofacial structures, such as TMJs,11:36:37:3941

Ultrasonographic features of TMJ

The TM]J area has some particularities, including a small
examination area, limited access to deep structures and a high
risk of sound reflecting from the bone tissue, which can make
image interpretation very complex.3® Soft tissue visualization
is severely limited by bone, as sound energy is almost com-
pletely absorbed by soft-tissue interfaces and the bone tis-
sue. Thus, the external placement of the transducer enables
only the acquisition of the lateral third of the joint, and only
in the axial and coronal planes.?” Therefore, the main disad-
vantage of US in the TMJ area is the limited imaging of the
upper and medial parts of the condyle and the disk; these
structures are hidden by the acoustic shadowing caused by
the rebounding and absorption of US waves by the zygomatic
bone.12192042 The TMJ images produced by US depend on
the echogenicity of tissues as follows: the condylar head and
the articular eminence are hypoechoic and appear black®;
the bone margins are hyperechoic and appear white®; the
connective and muscular tissues are isoechoic (an interme-
diate reflection of sound waves) and appear heterogeneously
gray?>%; the joint capsule surface is highly reflective of sound
waves, creating a hyperechoic line (white)!23342; the articu-
lar disk appears as a thin, hypo-to-isoechoic, homogeneous
band!*?4% articular fluid-filled spaces are hypoechoic and
appear black,'?3%2 although these are virtual cavities that
are generally not detectable unless joint effusion is present™;
bone marrow is usually hypoechoic and appears black.®®

In most publications, TM] US monitoring is based on
the standardized protocol of Emshoff et al.** Most studies
have adopted similar protocols, which include transver-
sal and longitudinal scans to evaluate the joint compart-
ments in the coronal, axial and oblique planes (Fig. 2).4!

ANTERIOR

1

INFERIOR

Fig. 2. Ultrasound (US) probe orientation for the observation of the temporomandibular joint (TMJ) in the axial and coronal planes



652

During the longitudinal scanning, the probe is placed over
TM]J, perpendicular to the zygomatic arch and parallel to
the mandibular ramus, and inclined until the best view
is achieved; then static and dynamic evaluations are per-
formed (Fig. 3).38 The performance of the US diagnostics
is outside the scope of the present review and has been
extensively described for 3 main diagnostic domains: disk
displacement; joint effusion; and cortical erosion. 38404244
It has been suggested that US can complement a clinical
examination as an initial evaluation tool.4°

Ultrasound-guided minimally invasive
procedures for TMJ pain

In addition to its diagnostic use, US has been proposed
as a useful tool in interventional procedures, such as US-
guided peripheral venous access, central venous access,
abscess drainage, the aspiration of hip and shoulder joints,
pleural effusions, paracentesis, and TMJ arthrocentesis.!!
It has been suggested that US may allow more precise ex-
ecution with real-time observation.*> The lysis and lavage
of the upper joint space is an effective method for control-
ling TM] pain, so identifying this space is important for
a satisfactory procedure.!! However, the traditional blind
technique (based on anatomical landmarks) requires ex-
perience to reach the upper joint space and carries a po-
tential risk of damage to the collateral disk ligaments and
the adjacent soft tissue, especially if multiple attempts are
made.’®2° Furthermore, the confirmation of the correct
needle placement can sometimes be ambiguous in clini-
cal practice.?’ Given the complex TMJ anatomy, clinicians
have used image-guided techniques to aid the verification
of the needle position, and reduce potential damage to
joint tissues and neurovascular structures, or needle pen-
etration in the middle cranial fossa during minimally in-
vasive procedures.'?212® Some image-guided techniques
using magnetic resonance imaging (MRI) or cone-beam
computed tomography (CBCT) have shown promising

zygomatic bone

upper joint space

lower joint space

condyle

capsule
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results; however, their routine use is not feasible in The
M]J procedures due to cost and the need for a hospital en-
vironment.?? On the other hand, it has been postulated
that US-guidance minimizes trauma to the joint, and im-
proves the accuracy and efficiency of the procedure. Fur-
thermore, real-time images, the lack of ionizing radiation
and easy access make US a promising aid for minimally
invasive TM]J procedures, such as arthrocentesis and
IAL? While US is widely used for large joints to visual-
ize internal structures and guide IAlI, this technique has
only recently gained popularity for the TM] procedures.
Hence, the literature on this topic is scarce. The articles
regarding US-guided TM]J arthrocentesis or IAI available
in PubMed, Scopus and Web of Science, published since
2010 are listed in Table 1 (the main characteristics are
provided to facilitate the comparison of the studies). The
uncontrolled RT by Parra et al. from 2010 was the first
to report the accuracy of US-guided TM] IAL they ob-
served that the needle was located intra-articularly in 91%
of cases.! Dayisoylu et al. (2013) were the first to describe
a reliable technique for US-guided TM] arthrocentesis,
which was suggested to be “better than arthroscopy” with
regard to cost-benefits.!8

Ultrasound-guided punctures may approach the target
(joints, vessels or nerves) from a position perpendicular
or parallel to the US beam, referred to as ‘out-of-plane’
and ‘in-plane; respectively (Fig. 4). The in-plane approach
enables the operator to visualize the needle shaft and tip,
as it is directed toward the target, but it requires skill and
may result in a false sense of security, despite having been
demonstrated to result in faster and more accurate per-
formance. On the other hand, the out-of-plane technique
is more difficult and relies on tissue movement or fluid
localization rather than strict needle visibility to confirm
its position.*® In the TMJ US-guided injections using the
out-of-plane approach, the correct position of the needle
is achieved by extending and narrowing the joint space
by the infiltration and aspiration of fluid, respectively.'

mandibular ramus

Fig. 3. Ultrasound (US) anatomy of the temporomandibular joint (TMJ) in the coronal plane
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Fig. 4. Needle and probe orientation in ultrasound (US)-guided procedures
A - in-plane (long axis) approach; B — out-of-plane (short axis) approach.

Champs et al. validated a longitudinal US-guided in-plane
approach for TMJ IAI in which the needle is inserted
at an angle of 30°, with the US probe in the preauricu-
lar region, approx. 1 cm in front of the tragus, parallel to
the mandibular ramus and perpendicular to the zygo-
matic arch.2! This technique proposes a direct visual-
ization of the needle all the way to the joint with great
precision and provides noticeably higher accuracy during
puncture.?! Most clinical and cadaveric studies use the
coronal route of scanning and in-plane needle insertion
(Fig. 5),°-121417-21 whereas other reports did not report
these technical details.!31516

Most articles describing TMJ minimally invasive proce-
dures (and daily clinical practice) are based on washing-
out the upper joint space in both the US-guided and blind
techniques. Nevertheless, some evidence has demonstrat-
ed that IAI directed to the lower or both TM] spaces has
a better effect than IAl into the upper space alone.” Lower
joint space injection is believed to be a difficult procedure
because of a narrow space, a small volume and the ‘hid-
den’ location. The blind technique for lower joint space
injection was described by Li et al.¥’ Clinical information
on US-guided IAI into the lower joint space appears to be
very limited.?’ Levorova et al. reported a technique for US-
guided TM] intra-articular infiltration directed toward the
lower joint space (Fig. 6).° Cha et al., in a cadaver-based
study, observed that upper joint space injection showed
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Fig. 5. In-plane needle insertion for upper joint space injection under
ultrasound (US) guidance (the needle is marked with white arrows for
academic reasons)

Fig. 6. In-plane needle insertion for lower joint space injection under
ultrasound (US) guidance (the needle can be seen in light blue and
is marked with a white arrow for academic reasons)

a similar level of success for the blind and US-guided tech-
niques.?’ However, for the lower joint space, the US-guided
technique had a significantly higher success rate (90% vs.
30%) and the blind technique was associated with a consid-
erable proportion of unsuccessful/inappropriate injections
to the lower joint space.”’ To date, only 4 controlled CTs
that compare the blind and US-guided techniques for TMJ
arthrocentesis have been published.”-!? Two of them used
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DPA%10 and the others used type II SPA1112 (the compari-
son of these studies is presented in Table 1). Sentiirk et al.,
in a CT, reported the longest follow-up (1 year) in a com-
parison between the blind and US-guided techniques for
TM]J arthrocentesis.!? The results show that US guidance
is effective in type 2 SPA, as it aids the visualization of the
needle during puncture; however, it did not resolve pain
or improve the range of motion as compared to the blind
technique.'? The clinical effectiveness of US guidance for
TM]J arthrocentesis and IAI is mostly analyzed based on
4 aspects: pain reduction; the range of movement; needle
positioning (or repositioning) attempts; and the total pro-
cedure time. The literature comparing US-guided arthro-
centesis vs. the blind technique is scarce. Two systematic
reviews have been published recently,>*?* in which very
similar conclusions were reached, since they both selected
the same articles for the final analysis.>~!2 Both reviews
found no significant differences in pain reduction and the
maximum mouth opening, no conclusive results were ob-
served in reducing needle repositioning, and also data on
the potential to reduce the procedure time was inconclu-
sive.2%2 Although achieving access to the joint space oc-
cupies most of the surgical time, studies show that the total
time is longer in the US-guided procedures, since a US ex-
amination itself requires additional time.® These conclu-
sions are shared by all studies, as some publications suggest
that US guidance would improve the precision of needle
placement, especially when the lavage of the lower joint
space is performed.?’ Cadaver-based studies observed that
US-guided IAI and arthrocentesis techniques had a high-
er accuracy when the needle was located inside the joint
spaces, 2 as they provide the image verification of having
punctured the joint space and the real-time screen visual-
ization of the distension of the space after infiltrating flu-
id.22 Antony et al. observed that the US-guided technique
resulted in a significantly greater pain reduction in the
immediate postoperative period.!® Bhargava et al. found
that in type 2 SPA, US guidance minimized the number
of attempts of needle manipulation as well as possible
complications, and provided easier access to the upper
joint space.!! Additionally, Anthony et al. suggested that in
patients with obesity, US-guided arthrocentesis could be
more precise in locating the joint spaces, whereas the blind
technique arthrocentesis required multiple punctures to
achieve successful lavage.'®

Finally, from a clinical point of view, some technical
suggestions can be made for the execution of US-guided
TMJ intra-articular procedures!>!®1948: 1) always per-
form an initial US TM] evaluation to observe anatomy in
the coronal and axial views; 2) use high-resolution (over
12 MHz) linear probes??3%; 3) administer a local anesthet-
ic solution (lidocaine or mepivacaine, without a vasocon-
strictor) with a 27-gauge needle into the TMJ capsule,*®
otherwise, the auriculotemporal nerve blockage may be
needed; 4) it is not necessary to use anatomical reference
landmarks when puncture is guided by US imaging?’;
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5) after reaching the upper or lower joint spaces, HA,
CSs or platelet concentrates should be injected slowly;
6) washing the articular space with saline or Ringer’s lac-
tate solution if arthrocentesis is intended; 7) close the in-
jection area using a sticking plaster with light pressure to
avoid the formation of hematoma; and 8) use ice or cold-
pack applications and NSAIDs after the procedure.®®

Conclusions

This review summarizes the recent evidence regarding
the use of US as an auxiliary tool in minimally invasive
procedures for arthrogenic TMD. Ultrasound guidance
has shown promising advantages; it reduces the number
of needle placement attempts, minimizes trauma to TMJ,
improves the accuracy and efficiency of joint injections,
results in a significantly greater pain reduction in the im-
mediate postoperative period, provides easier access to
both joint spaces, and has a significantly higher success
rate when lower joint space injection is attempted. Future
research is required to confirm the impact US may have
on the clinician’s performance, and the consequent ben-
efit to the patient.
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Abstract

Bullying is & social problem that affects children and adolescents in particular, It deteriorates the self-
esteem of its victims, decreases their quality of life and generates future psychological problems. The aim
of this review was to determine the influence of dentofacial characteristics on the appearance of self-
reported bullying through a literature review.

A systematic search was carried out in the databases of international scientific literature on health
sciences, including MEDLINE via PubMed, Scopus, LILACS, and SciELO. Up to October 10, 2020, a total
of 348 articles were identified, but only 36 were ultimately selected for the review. Specific keywords
in English were used in the search: “dentofacial features”; “soft tissue”; and “malocclusion” It was
found that the appearance of bullying was associated with altered facial profiles, namely the presence
of different classes of malocclusion, with class II or class Il malocclusion being the most impactful.

Altered dentofacial characteristics can make an individual the target of harassment, leading to low
quality of life, emotional instability, low self-esteem, and the lack of confidence with regard to
dentofacial appearance as well as poor long-term social and academic performance. There is a need to
develop preventive measures that would be applied by both parents and authorities, with disseminating
information on bullying in schools as well as on adequate oral hygiene and the importance of going to the
dentist. Traditional and cybernetic bullying share similarities. While working out strategies against bullying,
it is essential to raise awareness among victims and bullies, families, and society, and to determine how
bullying is perceived by children and teenagers.

Keywords: bullying, malocclusion, dentofacial alteration, labial incompetence, self-reported bullying
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Introduction

Bullying is a global social problem. It involves repeti-
tive and intentional aggression with power imbalance
between bullies and victims! that generates mental
and physical weakness.? Harassment can be face-to-
face or cybernetic, with ‘cyberbullying’ having similar
characteristics to those of traditional bullying, includ-
ing intimidation, verbal abuse and teasing. Cyberbully-
ing is defined by the United Nations International
Children’s Emergency Fund (UNICEF) as bullying
with the use of digital technologies,?® producing men-
tal and physical deterioration, panic, hopelessness,
and distress.-®

Some studies have associated facial appearance with
bullying,” demonstrating that distinctive facial fea-
tures generate emotional impact in girls and boys, and
especially among teenagers. It has been reported that
20-40% of adolescents are affected, with the phenome-
non being more prevalent in females.®~!! Bullying has
been associated with malocclusion, mainly when both
the mandible and the maxilla are affected.'? Children
with class III malocclusion are more likely to experi-
ence bullying as compared to those with mild or absent
malocclusion.!® Consequently, dentofacial appearance
influences the self-esteem of children and teenagers,
which in turn significantly impacts the educational
performance and quality of life of the victims of bully-
ing.1+18

A recent systematic review evaluating the relation-
ship between bullying and malocclusion determined
that dentofacial appearance influenced children’s so-
cial attractiveness,'® which is one of the most charac-
teristic consequences of bullying.!’-!° However, in the
evaluation of the ‘bullying’ variable, the review did
not take into account soft tissues, but rather focused
only on the class of malocclusion. Until now, to the
best of our knowledge, no systematic or literature re-
view has comprehensively evaluated the association
between bullying and malocclusion, and how facial ap-
pearance (soft tissues, the facial profile, and the shape
and position of the lips) can provoke bullying.

Table 1. Strategies used in the search for scientific articles in particular databases

Methodology

Protocol and registration

This systematic review followed the guidelines of the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement. The study protocol
was approved by the Ethics Committee for Systematic
Reviews at the Scientific University of the South (Universidad
Cientifica del Sur), Lima, Peru (No. 640-2020-PREBS).

Information sources and search strategy

This review based its bibliographic search on the princi-
pal sources of information, using MEDLINE via PubMed,
Scopus, LILACS, and SciELO as databases. Scientific
search keywords connected with Boolean operators “AND”
and “OR” were employed: (“dentofacial characteristics” OR
“malocclusion” OR “dentofacial alteration” OR “crossbite”
OR “class II malocclusion” OR “open bite” OR “deep bite”
OR “class III malocclusion” OR “biprotrusion” OR “lip in-
competence” OR “lip protrusion” OR “lip shape”) AND
(“self-reported bullying” OR “bullying” OR “teasing”).

The strategies used in the search for scientific articles in
particular databases are shown in Table 1.

Eligibility criteria

Observational, analytical and descriptive studies, litera-
ture review articles, and systematic reviews were includ-
ed, whereas case reports, editorials, opinion articles, and
theses were excluded. Thus, 348 articles were retrieved,
but only 36 fulfilled the selection criteria. These stu-
dies were evaluated for later analysis in the development
of theoretical topics. No language restrictions were ap-
plied. Articles were obtained until October 10, 2020.

Study selection

In the data collection process, 2 trained observers (SAMS
and JMMS) independently generated the search strategy
for retrieving articles. In the analysis of the information,

PubMed

Scopus

LILACS/sciELO

(((((CC((((dentofacial characteristics) OR (malocclusion®)) OR (dentofacial alteration*)) OR (crossbite)) OR (class Il malocclusion)) OR (open
bite)) OR (deep bite)) OR (class Il malocclusion)) OR (biprotrusion)) OR (lip incompetence)) OR (lip protrusion)) OR (lip shape)) AND (((self-
reported bullying) OR (bullying)) OR (teasing))

TITLE-ABS-KEY (dentofacial characteristics) OR (malocclusion®) OR (dentofacial alteration®) OR (crossbite) OR (class Il malocclusion) OR
(open bite) OR (deep bite) OR (class Ill malocclusion) OR (biprotrusion) OR (lip incompetence) OR (lip protrusion) OR (lip shape) AND
TITLE-ABS-KEY (self-reported bullying) OR (bullying) OR (teasing)

dentofacial characteristics OR malocclusion OR dentofacial alteration OR crossbite OR class Il malocclusion OR open bite OR deep
bite OR class Ill malocclusion OR biprotrusion OR lip incompetence OR lip protrusion OR lip shape AND self-reported bullying OR
bullying OR teasing
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publications related to the topic “influence of dento-
facial characteristics on the appearance of self-reported
bullying” were incorporated, and the authors individu-
ally assessed the documentation obtained from different
databases.

Results and discussion

Malocclusion and bullying

The growth of soft tissues, muscles, bones, and teeth
is associated with the development of their functions.
While the proper development of the masticatory process
as well as proper dentofacial appearance are important,
they cannot always be achieved, as the growth of the tis-
sues is sometimes non-harmonious. Esthetic facial ap-
pearance involves proportionate lips, nose and chin.?!
Different classes of malocclusion refer to the alterations
in facial bones and the facial profile, resulting from the
overdevelopment or discontinuous development of the
tissues. The reports on the Sudanese and Turkish popula-
tions have shown that soft tissues develop differently in
these populations, not only in relation to gender, but also
the race of each individual, including biological aspects
according to phenotype.?>?3

Malocclusion influences the harmony of the facial pro-
file, affecting not only esthetics, but also the mastication
and speech functions, being correlated with the mandibu-
lar size and the position of the chin as well as alterations
in the development of the teeth and disproportion in the
bony tissue of the oral area. These alterations modify the
facial angle and the position of the lips, among others.?

Altered dentofacial characteristics often cause bullying,
which is manifested as verbal aggression with offensive
comments toward the victim. It includes teasing about the
color, shape and position of the teeth, bone structures and
other facial features, such as the texture, size and shape
of the lips, nose and chin, found in people with different
classes of malocclusion. In patients with malocclusion,
verbal abuse decreases their self-esteem, and thereby
reduces their quality of life in the social and emotional
environment, producing short- and long-term psycho-
logical problems that limit personal and social develop-
ment.?® Support groups should be created to stop bullying
in order to avoid psychological damage to both victims
and bullies.

E ectof bullying on the quality of life

As mentioned previously, bullying significantly af-
fects the short- and long-term physical and emotional
quality of life. In a study including 336 adolescents aged
10-14 years, it was stated that 12.8% suffered from bully-
ing due to functional limitations, physical incompetence
and physical appearance; this abuse had a negative impact
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on their self-esteem.?® After orthodontic treatment,
schoolchildren showed a slight increase in self-esteem as
compared to adults, a remarkable point to be taken into
consideration for the benefit of patients.?”

Tooth decay may also cause bullying, being significant
among adolescents, and leading to poor academic and
social performance.?® Anxiety is a consequence of rejec-
tion? by groups of students treating others in an unpleas-
ant way and making jokes about their appearance; it leads
to low scores in health-related quality of life, reduced
self-esteem and poor mental health.®® Bullying must be
managed and controlled by authorities and parents.

Strategies to control bullying

The consequences of traditional face-to-face bullying
are similar to those of cyberbullying, with both being
considerable public health problems that result in psycho-
logical conflict. Therefore, to reduce the prevalence
of bullying among children and teenagers, strategies for
the prevention and control of this phenomenon must be
applied.®! Young children confront bullying by inform-
ing their parents after fighting with the aggressor or hav-
ing tried to ask a friend for help, or surrendering to their
bully. Thus, according to the affective relationships pre-
sent at home, adults play an important role in stopping or
preventing bullying. It has been shown that a child raised
in a warm home with positive affective relationships and
support among household members is protected against
harassment by a perpetrator. A study by Lee and Ju evalu-
ated the prevention of bullying with the application of the
program developed by ED. Alsaker, known as the Bernese
Program against Victimization in Kindergarten and
Elementary School, which focuses on educating teachers
about handling bullying among young children.??

Strategies such as role playing, victims facing bullying
and group support for teenagers as well as the informa-
tion provided to guide parents can promote prevention
and awareness about the adverse effects of being a victim
of bullying. These strategies provide victims with skills
to defend themselves, which results in a reduction of up
to 67% in victimization and 50% in the number of ag-
gressors.3® Nonetheless, despite the use of these strate-
gies, it has been observed that some teenagers continue
to be victims of bullying over time, remaining vulnerable
throughout their lives.3*34

Despite similarities between traditional and cybernetic
bullying, specific strategies are needed for each class
of bullying. The Media Heroes (Medienhelden) program,
which was initially developed to control traditional bully-
ing, has shown encouraging results for treating cyber-
bullying as well.3®> The program was found to significantly
reduce traditional bullying by promoting understanding,
the recognition of risk and consequences, and by provid-
ing techniques that allow individuals to defend themselves
against perpetrators.®
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Programs aimed at combating bullying among chil-
dren and teenagers should be elaborated from the
questions directed at students about how they per-
ceive bullying in order to develop adequate programs
to learn how to control emotions, promote empathy
among peers, and design school policies against tradi-
tional and cybernetic bullying.3¢:3”

Finally, it is important to point out that the cross-
cultural aspects concerning appearance can trigger
bullying in relation to maxillary alterations, such as se-
vere malocclusion. Society must be made aware of this
problem and respect behaviors toward others should
be promoted. Furthermore, medical practitioners, in-
cluding psychiatrists and dentists, can play an impor-
tant role in fighting bullying. Dentists can help with
improving esthetics by treating maxillary alterations,
and can also refer patients to other health professionals
when necessary. The scientific literature has described
the influence of some socio-demographic variables on
bullying and how they can increase the risk of such
behavior, especially among gender identity minorities
and certain racial groups, and in particular age periods,
such as adolescence.®8-°! All the above issues must be
considered by society and more strategies are needed
to improve the quality of life for all, as stated in a bul-
letin from the World Health Organization (WHO),
which points out that bullying prevention strategies
can help governments ensure safe and healthy learning
and working conditions while reducing expenditures
on bullying-related injuries and ill health.>2

Conclusions

This systematic review demonstrates how dentofacial
characteristics and facial profiles can lead to different
forms of self-reported bullying. It describes the altera-
tions present in patients with different classes of mal-
occlusion and those observed in the soft tissues of the
face, lips, lip contour, chin, and nose, producing func-
tional deterioration.

Facial profiles are very important at different levels
of personal development, raising self-concept and
self-confidence, and the ability to adequately interact
in personal and social areas. All the people involved
in bullying (both the attackers and their victims) suf-
fer the consequences of traditional and cybernetic
bullying. Therefore, bullying among either adults or
children must be prevented and stopped by the de-
velopment of systems, applications, talks, videos, and
images to raise awareness and involve society, families,
victims, bullies, and medical professionals. Among the
latter, dentists play an important role in the analysis
of alterations in the oral cavity, providing orthodontic
treatment and referring to other medical specialties
when necessary.
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