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ABSTRACT

Introduction: molar intrusion, used to correct anterior open bites, reduces
vertical dimension and causes mandibular rotation, but it may alter condylar
position and affect the temporomandibular joint.

Objective: to analyze the effects of molar intrusion on the temporomandibular
joint and vertical dimension, evaluating joint alterations and skeletal stability
after treatment.

Methods: a systematic review of the scientific literature was conducted in
different databases, using a search algorithm to identify relevant sources. The
selected studies, after applying rigorous inclusion and exclusion criteria, were
critically appraised in terms of currency, methodological quality, and thematic
relevance, and coherently integrated into the final synthesis of the review.
Development: molar intrusion decreases vertical dimension, with a greater
effect in growing patients and those with skeletal anchorage. In the
temporomandibular joint, no worsening of previous dysfunctions was observed;
in healthy or stabilized joints, clinical improvements were even described. The
stability of the vertical correction and mandibular rotation is maintained in
medium-term follow-up with minimal relapse. However, variability in diagnostic
methods and the short duration of the studies limit the generalizability of these
findings.

Conclusions: molar intrusion offers aesthetic and functional benefits, reducing
the vertical dimension and promoting mandibular rotation without apparent
adverse effects on the temporomandibular joint. Long-term studies and
standardized diagnostic methodologies are required to fully confirm these
current findings.
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INTRODUCTION

Open bite is defined as the malocclusion in which one or more teeth do not reach the occlusal
plane and do not establish contact with their antagonists. This definition, although widely accepted,
is not unique and varies according to different authors.() Its etiology is multifactorial, involving
genetic, anatomical, and environmental factors.(234 At the genetic level, craniofacial syndromes
such as Crouzon or Treacher-Collins are included, as well as polymorphisms in genes such as MMP9
and TNF-a, which alter the skeletal growth pattern.®® Anatomically, it has been associated with
macroglossia, elongation of the lower facial third, increased posterior dentoalveolar height, and
clockwise mandibular rotation. (2

In the environmental plane, factors such as bad oral habits stand out, including digital sucking,
prolonged pacifier use, and tongue thrusting. Chronic respiratory obstruction caused by conditions
such as adenoid or tonsillar hypertrophy, and orofacial muscle dysfunctions, such as hypotonia,
are also included, all having a direct impact on the function of the stomatognathic system. (.24

Treatment should ideally begin during mixed dentition, a stage in which more favorable responses
are obtained at the skeletal and functional levels.(>% Therapeutic options include lingual re-
educator appliances, functional devices, fixed appliances, extraoral forces, and posterior resin
blocks,(*) as well as habit control and myotherapy.

In adolescents and adults, planning must consider the functional and aesthetic complexity of the
malocclusion.® Therapies with resin blocks and temporary anchorage devices (TADs) have been
described in the literature to allow controlled molar intrusion, being effective in moderate cases. /%)
In severe cases, orthodontic treatment can be complemented with orthognathic surgery according
to the cephalometric analysis and the skeletal objectives of the case.

Any orthodontic treatment must begin with a comprehensive evaluation of joint and muscular
health, since any alteration in these components can compromise therapeutic stability and
prognhosis. Molar intrusion, as a technique used in the correction of anterior open bite, has been
associated with possible modifications in vertical dimension and in the condylar relationship of the
temporomandibular joint within the glenoid cavity. This situation raises questions about the
possible impact of molar intrusion on the temporomandibular joint (TMJ). Therefore, this review
focused on analyzing the effects of molar intrusion on the TMJ and vertical dimension, evaluating
both possible joint alterations and post-treatment skeletal stability.

METHODS

A systematic review of scientific literature was carried out using the following databases: PUBMED,
Epistemonikos, and EBSCO.

Inclusion criteria:

e Studies published between 2014 and 2024 in English and Spanish.

e Studies focusing on the molar intrusion technique in patients with open bite, studies evaluating
the decrease in vertical dimension (VD) and its effects on the TMJ.

e Studies whose methodological design included randomized controlled clinical trials (RCTs),
prospective and retrospective studies.
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Exclusion criteria:
¢ Studies that used a technique other than molar intrusion.
o Letters to the editor, review articles, animal studies, and case reports were excluded.

For the present search, a combination of keywords and MeSH title terms was used: "molar
intrusion” AND ("open bite" OR "anterior open bite") AND ("vertical dimension" OR "occlusal
vertical dimension") AND ("temporomandibular joint disorders" OR "TMJ dysfunction").

Data Analysis and Processing

The report of this systematic research followed the set of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Guidelines. The search yielded 372 articles in total, resulting
in 104 articles after removing duplicate articles and reading titles. Of these, 85 articles were
excluded for not meeting the inclusion criteria; the reasons for exclusion are found in Figure 1.
Finally, a total of 19 articles were selected for the review.

Data extraction included bibliometric information and specific patient characteristics such as age,
number of patients, as well as outcomes of changes observed in vertical dimension and in the
temporomandibular joint, evaluated through lateral cephalometry, TMJ CBCT, and TMJ MRI, as
detailed below.

:E Numero de registros identificados Mumero de registros adicionales
E mediante busquedas en bases de datos identificados mediante otras fuentes
= (n=372) (n=)
b=
=
a
=z
Numero de registros tras eliminar duplicados
—
(n =48)
=]
o
3
E i - - Numero de registros excluidos
Numero de registros cribados tras leer titulo
(n=324) (n = 220}
—
Excluidos tras leer el resumen:
E Numero de articulos de texto completo Por no evaluar dimension
% evaluados para su elegibilidad ~| vertical/articulacion
_§ (n=104) temporomandibular
=2 (n=85)
5 Nimero de estudios incluidos en
F la sintesis cualitativa
E (n=19)
Fig. 1 PRISMA flow diagram.
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Lateral Cephalometry (2D):
Angles: Sella/Nasion (S/N)-Mandibular Plane (MP), SN-Gonion/Gnation (Go/Gn), Frankfort Plane
(FH)/MP, ANB, SNB.

Linear Measurements: Anterior Lower Facial Height (LAFH), molar height (U6-PP), Vertical distance
from chin to palatal plane (Me/PP).

Mandibular Relationship:
Location and rotation of Gonion (Go), Pogonion (Pog), and Menton (Me). Angle between the palatal
plane (ANS-PNS) and the mandibular plane (Go-Me).

CBCT (Cone Beam Computed Tomography) and MRI (Magnetic Resonance Imaging) (3D):
Condylar Position: Observation of the condyle position in the articular fossa.

Joint Space: Analysis of articular distances and volume of the retrodiscal space. Morphological
Changes: Evaluation of signs of bone remodeling in the condyle and changes in joint volume.

Angles: SN-MP, SN-GoGn, FH-MP, ANB, SNB.
Linear Measurements: LAFH, TFH, molar height (U6-PP).
Mandibular Relationship: Location and rotation of Gonion (Go), Pogonion (Pog), and Menton (Me).

Risk of Bias

To assess the risk of bias in the randomized study (RCT), the RoB 2 tool was used, which considers
five key domains: randomization process, deviations from assigned interventions, missing
outcome data, measurement of the outcome, and selection of the reported result. On the other
hand, for non-randomized studies, the ROBINS-I tool was used, which covers six domains:
confounding, selection of participants, classification of interventions, deviations from interventions,
missing outcome data, and measurement and selection of results.

DEVELOPMENT

Table 1 shows the synthesis of the identified studies that responded to the addressed topic. In it,
works are organized according to their main methodological characteristics, which allows
visualizing trends and gaps existing in the analyzed field clearly.
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Source

Hasan AA et
al.,®

Hsu LF et al.,(”)

Oliveira TF et
al.,®

Elshal MG,®

Kang DO et
al., (10

Kassem HE et
al., (b

Kim K et al.,(12

Marzouk ES et
al.,(13)

Marzouk ES et
al., (1%

Nemes B et
al., >

Ogura H et al.,'®

Scheffler NR et
al., (1"

Turkkahraman H
et al., (18

Vela-Hernandez
A et al.,(19)

Chen Y] et al., 29

Abdulnabi Y et
al.,?9

Akan B et al., 22

Akbaydogan LC
et al., (3

Hart TR et al., 2%

Table 1. Summary of selected studies.

Study Type

Randomized
prospective
clinical trial

Retrospective
Prospective
Prospective

Retrospective

Retrospective

Retrospective

Prospective

Prospective

Retrospective

Retrospective

Retrospective

Prospective

Descriptive
retrospective

Prospective
Prospective
Retrospective
Prospective

Retrospective

Participants
(Gender)

20 (10 men/
10 women)

32 (29 women
/ 3 men)
9(3men/6
women)

10 (4men/6
women)

30 (6 men / 24
women)

28 (not
reported)

21 (3 men/ 18
women)

13 (4men/9
women)

26 (15 women
/ 11 men)

18 (2 men/ 16
women)

10 (1 man/9
women)

30 (11 men/
19 women)

20 (14 women
/ 6 men)

31 (17 men/
14 women)

12 (not
reported)

15 (7 men/ 8
women)

19 (5 men/ 14
women)

20 (6 men/ 14
women)

31 (21 women
/ 10 men)

Age of
Participants

9.7+0.66 years

26.0£6.0 years
18.7+5.1 years

22.4+3.20 years
(18-29)
Mean 23.1 years
(range 14-44)

19-28 years

Mean 23.9 years
(range 18.5-
36.4)

16 to 22.75 years

22.4+2.3 years
(range 19.3 to
26.9)

Mean 28.7 years

Mean 25.7 years
(range 14.3-
52.8)

Mean 24.1+10.7
years (12.7-
48.1)

16.68+2.80 years

Mean 26.6%+4.9
years (22.1-
32.6)

22.83%£8.19 years
(19-44)
20.6x4 years
Mean 16.5 years

14.71+1.77 years

11.6 - 55.5 years
(mean 20.7)

Study Location/Country

University of Al-Baath,
Syria

National Taiwan University
Hospital, Taiwan

University Estadual Paulista,
Brazil

Minia University, Egypt

Yonsei University, South
Korea

Alexandria University, Egypt

Yonsei University, South
Korea

Alexandria University, Egypt

Alexandria University, Egypt

Private Practice, Hungary

Tohoku University, Japan

University of North
Carolina, USA

University of Suleyman
Demirel, Turkey

University of Valencia,
Spain

National Taiwan University
Hospital, Taiwan

Damascus University, Syria

Katip Celebi University,
Izmir, Turkey

Alanya Alaaddin Keykubat
University, Turkey

University of Rochester
Eastman Institute for Oral
Health, USA
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Risk of Bias Analysis
Using the RoB 2 Tool, the study by Hasan AA et al.,® had a low risk, while the rest of the studies
were analyzed by the ROBINS-I Tool, in which they had a moderate risk.

Reduction of Vertical Dimension
All studies reported a decrease in vertical dimension after molar intrusion. The techniques used
were TADs such as mini-implants and zygomatic miniplates, resin build-ups, and the Rapid Molar
Intruder device. The reduction in vertical dimension varied between less than 1 mm and more than
4 mm, and in three studies a reduction was explicitly declared without specifying the numerical
value. Measurement was performed mainly via cephalometry using ANS and Me points, although
some studies used other references such as Me-HRL, Go-Me, or Me/PP. Applied forces ranged
between 100 and 450 grams, and treatment duration was from 6 months to 3,3 years (Table 2).

Source

Hasan AA et
al.,®

Hsu LF et al.,”

Oliveira TF et
al.,®

Elshal MG,®

Kang DO et
al.,t0

Kassem HE et
al., (v

Kim K et al.,(t?

Marzouk ES et
al., (13

Marzouk ES et
al., (%

Intrusion
Technique
Used

Rapid molar
intruder
(RMI)

TADs

Zygomatic
miniplates

Zygomatic
miniplates +
Hyrax acrylic

expander

with bite
blocks

TADs

Zygomatic
miniplates

Mini-implants

Zygomatic
miniplates

Zygomatic
miniplates

Average
Amount of
Initial Open
Bite (mm)

-4.56+1.21
mm

-3.14
mm=*1.86
mm

Not reported

-6.0 mm

-3.14
mm=*1.86
mm

- 3 to 8-mm

Less than 2
mm

-3 mm to -8
mm

-3 mm to -8
mm

Amount of
Molar
Intrusion
(mm)

2.9+0.7
mm

1.84+0.66
mm

2.03+0.87

mm

3.85+0.82
mm

2.30+1.29
mm

2.0to 4.0
mm

2.2+0.8
mm

3.1+£0.74
mm

3.04+0.79
mm

Vertical
Dimension
Measurement
Technique
(Decrease)

Cephalometry using
ANS and Me points
(1.94+0.66 mm)

Cephalometry using
ANS and Me points
(2.50£1.33 mm)

Cephalometry using
N-Me points
(Measures not
reported)

Cephalometry using
ANS and Me points
(4.20£1.13 mm)

Cephalometry using
ANS and Me points
(2.70£1.37 mm)

Cephalometry:
Lower facial height
measured indirectly
using Me-HRL and
Me’-HRL distance

(Measures not

reported)

Cephalometry using
ANS and Me points
(3.0+1.2 mm)

Cephalometry using
ANS and Me points
(3.0+1.25 mm)

Cephalometry using
ANS and Me points
(3.12+0.58 mm)

Table 2. Results associated with the decrease in vertical dimension.

Applied
Force

(9)
150-200
9

Not
reported

450 g

250¢

100-150
9

450 g

2509

450 g

450 g

Treatment
Duration
(months)

10 months

3.3
years£1.2
years

6 months

9.7 months

34.6+9.3
months

Not
reported

9.7+3.2
months

9+2.5
months

Not
reported
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Nemes B et Occlusal 3.14+1.65 1.95+0.58 Cephalometry: Not 22+2.5
al., 3 splint + mm mm Lower facial height reported months
Zygomatic measured indirectly
miniplates using ANS-PNS
and Go-Me
distance (Measures
not reported)
Ogura H et Mini-implants -2.4+1.4 1.6 mm Cephalometry using 200 g 7.1£2.5
al., 1) mm Me/PP points months
(1.2£1.0 mm)
Scheffler NR et TADs -1.2+1.7 2.3 mm Cephalometric 150 g 6 months
al., " mm radiograph with
ANS-Me
measurement
(1.6£2.2 mm)
Turkkahraman Zygomatic —-4.34+1.71 3.59+1.34 Cephalometric 200 g 12 months
H et al.,® miniplates mm mm radiograph with
ANS-Me
measurement
(3.30£1.68 mm)
Vela- Resin build- —-2.48+1.57 1.15+0.45 Cephalometric Not 17.2
Herndndez A ups on upper mm mm radiograph with reported months
et al., 19 molars + Tip- ANS-Me
Edge Plus measurement
appliance (0.70£0.56 mm)
Chen Y] et TADs + -3.91+1.99 1.55+0.88 Cephalometry using 250 g 8 months
al., Maxillary mm mm ANS and Me points
occlusal (1.67£1.21 mm)
splint
Abdulnabi Y et Mini-implants -3.7£1.9 2.9+1.2 Cephalometry using 250 g 6.3 months
al.,?v mm mm ANS (Superior
Nasal Aperture)
and Me (Menton)
points (3.1+1.4
mm)
Akan B et Zygomatic -3.20+1.75 2.32+£2.13 Cephalometry using 400 g 9.4 months
al.,? miniplates mm mm ANS and Me points
(1.81£3.50 mm)
Akbaydogan Mini-implants -9.03x1.74 4.00+1.01 Cephalometry using 250 g 8 months
LC et al.,®® mm mm ANS and Me points
(4.86%+1.67 mm)
Hart TR et Mini-implants >2 mm 3 mm Cephalometry using 100 g 15.7
al.,®® ANS and Me points months

(1.5 mm)

The decrease in vertical dimension after molar intrusion was consistent in all analyzed studies,
with values ranging between 0,70 mm and 4,86 mm. These findings are comparable with those of
Acar YB et al.,(?® where a molar intrusion of 3,1 mm was reported, a value that falls within the
interval observed in our analysis.

In the study by Akbaydogan et al.,(?® conducted in a population of children and adolescents, a
significant decrease in anterior vertical dimension was demonstrated after molar intrusion. This
decline is one of the most substantial among all analyzed studies and is explained by the severity
of the anterior open bite condition that patients presented at the start of treatment. For its part,
Hart et al.,(®®) performed a subgroup analysis, differentiating adolescents (<18 years) from adults.
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In adolescents, more pronounced vertical changes were documented. This finding reinforces that
the skeletal response to molar intrusion is more predictable and efficient in growing subjects.
Finally, the study by Hasan et al.,® focused on patients in mixed dentition using a rapid intrusion
device (rapid molar intruder, RMI). This early approach showed favorable changes in both vertical
dimension and soft tissues, confirming the effectiveness of early treatment in correcting anterior
open bite.

Vertical dimension was evaluated in all studies through cephalometric analysis, but with differences
in the reference points used. Most studies employed the ANS—-Me distance. This measurement is
widely used because it represents the height of the lower facial third and is sensitive to changes
produced by posterior intrusion and mandibular rotation. Some studies applied alternative
methods. Kassem et al.,(11) used the Me-HRL distance; Nemes et al.,(*® combined ANS-PNS and
Go-Me; Ogura et al.,(*®) used Me/PP; and Oliveira et al.,® used the N-Me distance. This variability
in reference points introduces a methodological limitation, since each measure reflects distinct
components of the vertical change. Even so, all studies that reported this variable documented a
reduction in vertical dimension after intrusion.

Effects on the TMJ

Of the analyzed studies, only 3 included evaluation of the temporomandibular joint before, during,
or after treatment. In this context, the study by Chen et al.,?® worked with patients without a
diagnosis of temporomandibular dysfunction, while the remaining studies by Nemes et al.,*®) and
Hsu et al.,(”) included exclusively patients with stabilized TMD prior to orthodontic treatment.

Diagnoses reported in these cases included muscular pain in masseter, temporal, medial pterygoid,
and suboccipital muscles, in addition to joint diagnoses such as disc displacement with and without
reduction, and signs of degenerative bone pathology such as flattening and erosion. Clinical
stabilization was achieved through rigid full-coverage splints, physiotherapy, and pharmacological
treatment. In all cases, the start of orthodontic treatment was carried out after confirming absence
of pain, functional mouth opening, and imaging findings compatible with stable joints.

During treatment, follow-up protocols were applied that included regular clinical controls and
techniques such as electromyography, magnetic resonance imaging, or CBCT. As pointed out by
Hsu et al.,(” upon the appearance of muscular or joint discomfort, specific interventions were
performed such as splint adjustment, manual therapy, dry needling, medication, or temporary
pause of treatment.

At the end of treatments, absence of joint and muscular pain was reported in all evaluated cases.
In the study by Nemes et al.,(*® changes in condylar morphology and in the position of the condyle
within the glenoid cavity were recorded, as well as the reduction of flattening, erosion, and joint
irregularities (Table 3).
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Table 3. Results associated with effects on the TMJ.

Source Joint Treatment | Follow-up Effects Conclusion
Symptoms Duration Duration
(months) (months)
Hsu LF Only muscular 3.3 3.7£2.6 Pain was transient, All patients
etal.,™ pain years+1.2 years managed by manual were
years therapy, dry needling, asymptomatic
NSAIDs, and clinical at the end of
evaluation at each treatment.
session Safe treatment
for the TMJ
Nemes Presented pain 22+2.5 No long- Improvement of condylar Effective
B et before months term morphology in CBCT; treatment to
al., (1% treatment follow-up Right condylar flattening restore
start. No reported decreased from 61.11% stability and
reappearance to 27.78%, Left condylar improve
of symptoms flattening decreased from condylar
reported during 72.22% to 38.89%. Right morphology
treatment condylar cortical

erosion/irregularity
decreased from 72.22%
to 22.22%, Left condylar
cortical
erosion/irregularity
decreased from 55.56%
to 22.22%. Irregular joint
space / anomalous
position right decreased
from 66.67% to 16.67%,
Irregular joint space /
anomalous position left
decreased from 61.11%
to 16.67%. No signs or
symptoms of TMD
(muscular sensitivity,
pain, clicks, joint locking)

Chen Y] Asymptomatic 14.9+4.3 No long- No new symptoms Safe treatment
et months term reported for the TMJ
al., 20 follow-up

reported

When analyzing the available literature on molar intrusion in patients with open bite, few have
stopped to consider the effects of this treatment approach on the TM]. Among reference works,
only 3 of them have analyzed the TMJ report before, during, or after orthodontic treatment.(7:15.20)
In them, it is evident that all treatments began after clinical stabilization in the TMJ. That is,
patients had no pain, could open functionally, and images also revealed that the joints were stable.
As Okeson JP points out,(?® starting orthodontic treatment in a symptomatic or unstable joint can
create more problems than solutions, leading to greater possibilities of pain or dysfunction along
the way.
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Stabilization was obtained through various techniques, such as rigid full-coverage stabilization
splints, physiotherapy, or pharmacological treatment. This seems to have played a crucial role in
ensuring that orthodontic treatment was safe regarding joint sequelae. It is here where it is
important to highlight that all cases,(7/1>29 incorporate periodic clinical follow-up protocols and,
when necessary, specific interventions, whether splint adaptations, interruption of treatment, or
even physiotherapy techniques such as dry needling. This capacity for modification and adaptation
to the patient's status seems to have been crucial for the favorable clinical course.

At the end of treatments, none of the patients manifested signs of joint and muscular
discomfort.(7:1520) There were even studies that demonstrated an improvement in joint structures,
with a decrease in condylar flattening and erosion, presenting a better position of the condyle in
the glenoid cavity. For its part, Ceviadanes LH et al.,(?”) had already warned about the possibility
of morphological changes in the TM] without apparent symptoms.

However, this evidence must be interpreted with caution due to the very scarce number of studies
that specifically address effects on the TMJ. This limited database prevents generalizing the results
to the entire population with TMD receiving orthodontic treatment with molar intrusion.

Treatment Stability.

A total of six studies included post-treatment follow-up with the objective of evaluating the clinical
stability of the obtained results. The reported follow-up time varied between one and four years.
In all cases with follow-up, acceptable clinical stability was reported at the time of evaluation
(Table 4).

Table 4. Long-term post-follow-up stability results.

Source Post-treatment Follow-up Clinical Stability
Hsu LF et al., (" Yes (3.7+2.6 years) Acceptable clinical stability
Kang DO et al.,(10) Yes (3.9%2.7 years) Acceptable clinical stability
Marzouk ES et al.,(t4 Yes (4 years) Acceptable clinical stability
Ogura H et al.,(1®) Yes (1 year) Acceptable clinical stability
Scheffler NR et al.,(17) Yes (2 years) Acceptable clinical stability
Vela-Hernandez A et al., (19 Yes (2.7+1.8 years) Acceptable clinical stability

Another problem was that none of the studies were controlled and the number of participants was
small. Understanding that long-term follow-ups were not published, it cannot be assured with
certainty if the positive effects truly continue until now or if perhaps there were some negative
effects that occurred later, as shown by the study of Gonzalez Espinosa D et al.,(?® on the stability
of molar intrusion, which found an average relapse of 1,23 mm in overbite correction after only
2,5 years of follow-up. In this sense, and given the lack of data on the TMJ condition in these
follow-ups, we are certainly not in a position to affirm that molar intrusion is a totally safe
procedure for the TMJ in all patients.

Therefore, what is evident is that orthodontic treatment with large vertical movement must always
consider the patient's joint health, and it is important that the functional evaluation of the TMJ be
a routine part of the diagnosis and plan.(*®) As De Leeuw R et al. mention,(?®) associating with other
experts in orofacial pain could significantly alter both the outcomes and the patient's experience
during treatment.
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CONCLUSION

The reviewed clinical studies support that controlled molar intrusion allows a reduction of vertical
dimension and mandibular rotation, with functional and aesthetic benefits. No negative effects on
the temporomandibular joint were observed, even in patients with pre-existing dysfunction, but
with joint stability; available data suggest post-treatment stability. However, the scarce number
of studies that performed follow-up and the variability in diagnostic methods limit the robustness
of these conclusions. Longitudinal studies with clinical and imaging follow-up are required to
validate skeletal and joint stability in the long term.
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