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Figure 3. Intraoral photographs after 2 years of orthodontic treatment

After a 1-week postoperative latency period (Figure 6), postopera-
tive orthodontic treatment was resumed to correct the patient’s
open bite, and the vertical and AP position and axis of the maxillary
right incisor. Orthopedic and orthodontic treatment were com-
pleted 10 months after surgery, the open bite had improved, and
favorable occlusion was obtained (Figures 7 and 8). The patient
showed a favorable course of dental occlusion and mandibular
growth without temporomandibular disorder (TMD) issues. There
is no complication as severe gingival recession or relapse, 3 years
after the STO and corticotomy surgeries (Figures 9 and 10).

All the above procedures were performed with patient consent.
The patient also consented to the publication of the data in this
study.

DISCUSSION

In patients with skeletal Class Ill malocclusion and ankylosed
anterior tooth, if the anterior cross bite is properly improved

through orthopedic treatment during the growth period and
the leveling of anterior teeth can be maintained through STO,
the possibility of the need for orthognathic and implant surgery
after the termination of growth, can be significantly reduced. It
may also be the best treatment in terms of socio-psychology or
esthetics. Even for a growing patient, improvement in esthetics
is of great social and psychological importance, and these pro-
cedures must be considered in the treatment of skeletal Class
Il patients with ankylosed teeth. The management of ankylosed
tooth with STO in conjunction with orthognathic surgery is also
an alternative treatment method.®

However, STO has a risk of postsurgical problems affecting the
blood supply to the tooth-bone segment, which can result in
complications such as gingival recession.>* Even when the open
bite is improved by surgery, gingival recession and adjacent
tooth injury may lead to esthetic problems and a poor long-term
prognosis.
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Figure 4. Surgical simulation and surgical guide 3D printing by biocompatible materials. The simulation aimed to determine the precise location of
the osteotomy relative to the root apices of the maxillary right central incisor, and with regard to its relationships with the left central incisor and the
right lateral incisor. The surgical guide was fabricated from a biocompatible material using a 3D printer.

Figure 5. Operation of single-tooth osteotomy with corticotomy. The initial surgical incision was made near the maxillary incisor. Next, the surgical
guide was placed on the alveolar bony area, and the guide fit and the osteotomy line position were checked. For osteotomy to the left and right of
the maxillary right central incisor and periapical osteotomy, the cut depth was determined with reference to the distance between the guide and the
palatine bone, as measured during the simulation. Following inferior movement of the tooth-bone segment, a xenogeneic bone was grafted in the
empty bone space.

Figure 6. Postoperative intraoral photos and periapical radiograph
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Figure 7. Post-treatment facial and intraoral photographs

’V}’

Figure 8. Post-treatment radiographs
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Figure 9. Facial and intraoral photographs of 3 years’ retention

Figure 10. Radiographs 3 years after the completion of postoperative orthodontics
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The ubiquity of CT imaging and the development of computer-
based surgical simulations enable the determination of an ideal
osteotomy position. Preoperative surgical simulation, and the
use of surgical devices manufactured based on simulation data,
can promote favorable outcomes and reduce dental injury and
surgery duration.’

The patient in the present case required STO for the maxillary
anterior teeth, with simultaneous corticotomy. Corticotomy on
the premaxilla between both canines may have also been help-
ful to move the teeth adjacent to the ankylosed tooth. STO and
corticotomy can be used in the patients in whom orthodontic
movement by ordinary traction is difficult.”

To facilitate the forward movement of the teeth, corticotomies
of the 6 maxillary anterior teeth were also performed in this case
and they significantly helped to improve the overjet and over-
bite of this skeletal Class Ill patient. Even if the skeletal Class llI
malocclusion was improved by orthopedic treatment through
face mask, patients with the ankylosed maxillary anterior teeth
would be subject to tooth movement during orthodontic treat-
ment. It can affect the anterior growth as well as the downward
growth restriction of the ankylosed tooth area, and this growth
restriction exacerbates the overjet. It is also more disadvanta-
geous in patients with skeletal Class Il malocclusion. Without
STO, the alignment of the teeth would be impossible, and even if
the skeletal malocclusion were relieved, the overjet and overbite
of the ankylosed tooth area would not be improved, thus being
very esthetically disadvantageous.

Computer-based preoperative simulation surgery and the use of
manufactured surgical devices can promote favorable outcomes
and reduce dental injury and surgery duration.® A guide for STO
is small and simple to design using data from the simulation sur-
gery. Using a 3D printer, such a guide can be manufactured with
biocompatible materials. The application of a CAD/CAM surgi-
cal guide can reduce surgery time and trauma during surgery,
which is expected to improve surgical outcomes. When using a
CAD/CAM guide, it is essential to verify the guide’s position dur-
ing surgery, since deviating from the planned osteotomy posi-
tion can cause damage to the surrounding teeth. The thickness
of the osteotomy saw blade must be considered when determin-
ing the width of the groove in the surgical guide. The guide must
be thick enough to resist the osteotomy. If the guide is too thin,
it can break during surgery.

The osteotomy depth can be determined based on informa-
tion from the surgical simulation regarding the distance from
the superior aspect of the guide to the maxillary palate, thereby
reducing damage to the palatine flap. It is thought that corti-
cotomy can be safely performed by utilizing information about
the cortex thickness obtained from CT images, as well as rely-
ing on the surgeon’s manual sensation of cortical perforation.
Piezoelectric devices are useful for STO and corticotomy.®?

When STO is performed alone, the application of inappropri-
ate traction force can break the cervix of the ankylosed tooth.

Thus, it can be preferable to insert a screw into the tooth-bone
segment and then to use the screw to apply traction to the
whole segment.’® Mini-implants can be also used for the tooth
traction." With this procedure, orthodontic traction must be
applied to the tooth-bone fragment in cases showing dental
root resorption. An alternative method was used in the present
case. Rather than inducing bone regeneration by traction, the
procedure was intended to achieve as much movement as pos-
sible during surgery, to minimize the bone defect by perform-
ing a bone graft, and to prevent the tooth-bone fragment from
postoperatively returning to its original position. Further stud-
ies including a larger number of cases are needed to determine
which method is better in STO.

The correction of anterior cross bite is properly improved
through orthopedic treatment during the growth period, and
the leveling of anterior teeth can be maintained through STO.
This may also be the best treatment in terms of socio-psychology
or esthetics, concerning the strong relationship between maloc-
clusion and oral health-related quality of life.’? It is reported that
there is a strong relationship between malocclusion, especially
the Class lll group, and oral health-related quality of life in ado-
lescent orthodontic patients.” The use of orthopedic appliances
to correct Class Il malocclusion in growing patients would not
be considered as a risk factor for the development of TMD."
Through the current treatment method, the patient would not
need not only the orthognathic surgery for Class Il malocclusion
but also alveolar bone augmentation on the anterior maxilla for
dental implant.

In skeletal Class Ill growing patients, an orthopedic treat-
ment can be considered depending on the amount of remain-
ing growth, even though growth control is controversial.
Therefore, orthopedic treatment and STO for improvement of
alveolar bone height should be considered at an appropriate
time in skeletal Class Il patients with a traumatized anterior
tooth.

In this patient, the skeletal disharmony was relieved through a
face mask and the posterior occlusal relationship was improved.
The occlusal relationship in the posterior teeth was overcor-
rected in consideration of the remaining pubertal growth, and
an appropriate Class | occlusal relationship was obtained during
the orthodontic treatment by fixed appliance.

In the present case, a young patient presented skeletal Class IlI
malocclusion with an open bite due to ankylosis of an anterior
maxillary tooth. This situation caused a severe esthetic prob-
lem and psychological stress for the patient. When orthopedic
and orthodontic treatment alone failed to help, this issue was
addressed by performing STO and corticotomy, with the use
of a presurgical computer-based simulation, and a CAD/CAM
surgical guide for the actual surgical procedure. After surgery,
favorable orthopedic and orthodontic outcomes were achieved.
These methods could be used to treat other young patients with
reverse overjet and open bite due to traumatized ankylosed
anterior teeth.
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CONCLUSION

A favorable outcome was finally achieved by applying ortho-
pedic treatment combined with STO and corticotomy for an
anterior ankylosed tooth in the case where a young patient
presented skeletal Class Ill malocclusion. CAD/CAM-based mini-
mal surgery such as STO during orthodontic treatment immedi-
ately improves the adolescent patient's quality of life in terms
of socio-psychology or esthetics. The patient’s need for bone
augmentation and dental implant on the anterior maxilla was
reduced.

Orthodontic treatment with CAD/CAM STO is recommended in
an adolescent patient with skeletal Class Ill malocclusion and
open bite caused by traumatized ankylosed anterior teeth.
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Main Points

» The aim of the study is to evaluate whether the cervical vertebral maturation (CVM) method is effective in terms of predicting the growth spurt.
Most of the previous studies have stated that the CVM method is an effective method for assessing skeletal maturity.

+ The CVM method and skeletal analysis of the hand-wrist method do not show significant differences.
No further radiographic investigations are required other than the lateral cephalogram.

ABSTRACT

Objective: The present systematic review was carried out to evaluate both qualitatively and quantitatively the effectiveness of the
cervical vertebral maturation (CVM) method in predicting the pubertal growth spurt.

Methods: PubMed, PMC, Scopus, SciELO, Cochrane Central Register of Controlled Trials (CENTRAL), and Web of Science databas-
es were searched. The research included every article published from 1970 to June 2019, featuring the keywords: (“cervical verte-
brae” OR (“cervical” AND “vertebrae”) AND (“orthodontics” OR “growth and development” OR (“growth” AND “development”) OR
(“growth”). The Preferred Reporting Items for Reporting Systematic Reviews and Meta Analyses (PRISMA) protocol was adopted, and
quality assessments modified from the “Strengthening the Reporting of Observational Studies in Epidemiology” (STROBE) and the
“Standards for the Reporting of Diagnostic Accuracy Studies” (STARD) were performed to conduct this systematic review.

Results: Initially, 1284 articles were found. All the articles were then examined, and 43 studies met the inclusion criteria. Sixteen
articles had low-quality scores, 25 had moderate scores, and 2 had high scores. The results showed a moderate to high statistically
significant correlation between the CVM and other maturation methods.

Conclusion: Overall, the CVM method can be considered an effective method and may be used with other skeletal indices for the
radiographic assessment of skeletal maturity, and also to identify the growth peak in growing patients.

Keywords: Cervical vertebrae, skeletal maturation, growth spurt, systematic review, lateral cephalograms

INTRODUCTION

Timing is considered one of the most important factors for the success of an orthodontic treatment procedure.
Recently, the issue of optimal timing has attracted the attention of both researchers and clinicians. Clinical
research has shown that greater therapeutic effects are obtained when the mandibular growth peak is included
in the treatment period. Therefore, the use of an effective biological indicator to estimate the pubertal growth
spurt represents an effective diagnostic tool to treat patients with skeletal discrepancies.
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Typically, patients treated during the growth peak demonstrate
significant skeletal effects, while patients treated during the pre-
peak period show only dentoalveolar modifications.

Growth assessment is essential for functional orthodontic ther-
apy, which performs its function best in the growing patient. For
this reason, it is important to identify the growth peak of patients
who undergo this treatment. In addition, other types of treat-
ment should ideally be performed in certain growth stages, for
example: the facial mask is ideal for use at a young age, that is,
the cervical vertebral stage 2 (CVS2), while orthognathic surgery
and implant positioning are not undertaken until growth ceases
(CVS6). For this reason, the CVM stage can be a useful indicator
in all ages and for a wide range of orthodontic treatments rather
than just for functional treatment.

There are several biological indicators to estimate skeletal mat-
uration such as chronological age, dental formula and tooth
development, menarche in girls, and the change of voice in boys,
height increase, non-invasive biomarkers taken from serum or
from gingival crevicular fluid, and skeletal age assessed by radi-
ography. However, the assessment of skeletal age is considered
the best biological index related to the growth of facial bones.
The classic and most generally used method for assessing skel-
etal age is the radiographic analysis of the hand-wrist bones,
whose validity has been confirmed by numerous scientific stud-
ies.! However, the main disadvantages of this method are the
additional radiograph of the hand necessary to perform the
study, and the great difficulty in assessing the staging. Therefore,
in recent years, the evaluation of the CVM has been increasingly
utilized in determining the skeletal maturity of the growing
patient. In 1972, Lamparski' introduced this method, allowing
skeletal age estimation and eliminating the necessity for extra
radiographic exposure since the cervical vertebrae were already
recorded on lateral cephalograms taken as a diagnostic pretreat-
ment record. Lamparski’'s method is predicated on the study of
changes in size and shape of the 5 cervical vertebral bodies from
the second to the sixth cervical vertebrae (C2-C6) and includes
6 phases of cervical vertebral stage development. However, the
utilization of a lead collar to guard the thyroid during the execu-
tion of the x-ray can hinder the entire vision of the cervical spine.
Thus, in 1995, Hassel and Farman? conceived a replacement
CVM method, which evaluated the visible lateral profiles of C2,
C3, and C4. Furthermore, Baccetti et al.? limited the number of
cervical vertebrae analyzed during the evaluation of bone age,
and published a CVM method to evaluate the maturation of the
cervical spine. According to this method, only 3 vertebrae were
evaluated—C2, C3, and C4—which are visible even with a pro-
tective collar for the thyroid.

Nevertheless, within the literature, there are conflicting results
regarding the efficacy of the CVM method for the right identifi-
cation of the growth spurt.** To get an accurate summary of the
best available evidence when considering the CVM method, a
scientific review of the literature seems necessary. Thus, the aim
of this systematic review was to throw the spotlight on whether
the CVM method is scientifically effective to determine skeletal

maturity. The question of our research was: How effective is that
the CVM method in terms of predicting the growth spurt?

METHODS

Information Sources

A global electronic database search was conducted to identify
relevant publications. The following databases were searched:
PubMed, PMC, Scopus, SciELO, Cochrane Central Register of
Controlled Trials (CENTRAL), and Web of Science. All studies
published from 1970 to June 2019 have been included in our
research.

Search Study

The electronic search strategy focused on the following key
words: (“cervical vertebrae” OR (“cervical” AND “vertebrae”) AND
(“orthodontics” OR “growth and development” OR (“growth”
AND “development”) OR “growth”). The Preferred Reporting
Items for Reporting Systematic Reviews and Meta Analyses
(PRISMA) protocol were adopted for this systematic reviews;
and the PROSPERO registration number of our review was:
CRD42020155719.

Study Selection

At the first stage, 2 reviewers (LA and RG) screened the titles
and abstracts of the retrieved records independently, duplicate
exclusion was performed, and irrelevant articles were excluded.
In the next phase, the complete texts of probably relevant papers
were evaluated to determine whether they met the eligibility
criteria. The inclusion criteria, supported by PICOS format, were:
[1]cross-sectional and longitudinal articles in human studies that
evaluate qualitatively and quantitatively the CVM method; [2]
studies that compare the CVM method with other methods for
assessing skeletal age, for example, the hand-wrist maturation
(HWM) method, the middle phalanx of the third finger (MP3)
method, body height, chronological age, and dental age; and [3]
studies that evaluate at least 20 patients. The exclusion criteria
were: [1] lack of a transparent description of inclusion/exclusion
criteria; [2] studies with inadequate sample sizes; [3] letters
to editor, opinion articles, reviews and meta-analyses; and [4]
published articles not written in English.

Eligibility was independently assessed by the 2 authors, and
any disagreements were resolved by discussion and consent or
by a third expert author (MM) who was asked to arbitrate. Any
elements that did not meet the inclusion criteria were excluded.

The PRISMA flowchart diagram for the study selection process
has been reported (Figure 1).

Data Extraction and Quality Assessment of Selected

Studies

Two review authors independently extracted data, consistent
with a pre-set protocol. The extracted data included: first author,
year of publication, study design, sample composition by sex
and age, CVM evaluation method, standard method to evalu-
ate skeletal age, CVM reproducibility statistical analysis, CVM
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Figure 1. Flow Diagram of the literature search

correlation test versus standard method, CVM and standard
method accuracy, and results.

If the data were not clear enough, the authors were contacted by
e-mail. Any disagreements between the 2 authors were resolved
by discussion and consent or consultation with a third expert
author (MM).

Quality Analysis

The methodological quality of the selected articles was assessed
using the assessment modified from the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE),
and 7 Standards for the Reporting of Diagnostic Accuracy Studies
(STARD) (Table 1).2 When the 2 reviewers were not in agreement,
a third investigator was called to succeed in reaching consensus.
(MM). The kappa score measuring the extent of agreement was
0.89. Each criterion was assigned a point, if satisfied; no points,
if not satisfied. Quality assessment scores ranged from 0 to 12.

Articles were classified as “low quality” (score from 0 to 6), “mod-
erate quality” (score from 7 to 10), or “high quality” (score from
11to 12).

Synthesis Measures and Approach to Synthesis

Due to the heterogeneity between the studies included dur-
ing this systematic review, particularly within the different
methods of evaluating the cervical vertebrae and the lack of
specific criteria for random selection, a meta-analysis could
not be performed. A narrative summary was performed, illus-
trating the results of individual studies based on the groups
evaluated.

RESULTS
The online database search yielded 1091 potentially relevant

titles and abstracts after duplicates were sorted from a complete
set of 1284 records. A total of 237 articles were reclaimed for
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Table 1. Criteria for assessing quality components in the studies included

Yes No
1. Is the objective clearly formulated? 1 0
2. Are there key elements of study design early in the paper? 1 0
3. Was the sample size calculated? 1 0
4, Does the study report demographic characteristics of the study population? 1 0
5. Were the sample selection criteria clearly described? 1 0
6. Does the study describe specifications of material and methods involved including how and when measurements 1 0
were taken?
7. Was there a reliability assessment, with adequate level of agreement intraexaminer or/and interexaminer? 1 0
8. Were measurements undertaken blindly? 1 0
9. Does the study give details of methods of assessment (measurements) for each variable of interest? 1 0
10. Was there a complete and adequate reporting of results, with self-explanatory tables and figures? 1 0
11. Was there a statistical analysis appropriate for data? 1 0
12. Was the P value stated or confidence intervals provided? 1 0

complete text evaluation, and 43 studies®>*“° that met the inclu-
sion criteria, were selected from this analysis.

A methodological score was assigned to each study (Table 2).
Sixteen articles had low-quality scores, 25 moderate scores and
2 high scores. The characteristics studies of moderate and high-
quality scores have been reported (Table 3).

The 27 moderate and high-quality articles were categorized by
topics as follows: 16 articles compared the CVM method with the
HWM,252131619.21.25-3032 3 articles compared the CVM method with
chronologic age**#° 1 article compared the CVM method with
MP3,%2 3 articles**“8 compared the CVM method with dental age,
3 articles compared the CVM method with body height,**444° 1
article compared the CVYM method with both chronologic age
and dental age,* and finally 1 article compared the CVYM method
with both HWM and MP3.2

Cervical Vertical Maturation Versus Hand-Wrist

Maturation

Seventeen moderate and high-quality articles compared
the CVM method with the hand-wrist maturation analy-
sis to determine skeletal maturity.25213:1619.21.243032 Gjy stud-
ies identified a reproducibility of the CVM method between
78% and 98%.31521.2425 These studies used the Spearman
correlation test or Cohen's Kappa statistic to determine
reproducibility values. Thirteen studies described a signifi-

cant correlation (.00001 < P < .05) between the 2 different
methods'2,13,15,16,19,21,24,26,28-30,32,34

Cervical Vertebral Maturation Versus Chronologic Age

Three moderate-quality studies compared the CVM method
with chronologic age.?”3*% According to 2 studies there was
a statistically significant correlation between age and CVM
method (P < .001).#° One study, by Litsas et al.,*” identified a
stronger correlation for CVM stage IV for both males (r = 0.554)
and females (r = .68) and a lower correlation for CVM stage Ill in
males (r = 0.433; P < .001) and for stage Il in females (r = 0.393;
P <.001).

Cervical Vertebral Maturation Versus Middle Phalanx of

the third finger

Two moderate-quality studies compared the CVM method with
the MP3 method.?*#? All the articles used the Cohen's Kappa
statistic to evaluate the agreement between the 2 analyses and
established a good relationship between the 6 phases of CVM
and the 6 phases of MP3: 0.798 (in females) and 0.794 (in males)
respectively.

Cervical Vertebral Maturation Versus Dental Age

Four moderate-quality studies compared the CYM method with
dental age.?”#548 All articles showed that there was a statistically
significant coefficient of correlation (P < .05) between dental
age and CVM method, greater for males (r =.703) than females
(r=0.499).

Cervical Vertebral Maturation Versus Body Height

Three moderate-quality studies compared the CVM with body
height.**44*° Both articles stated that there was a good statisti-
cal correlation coefficient between the 2 methods (P < .001) and
affirmed that the growth peak occurs between stage lll and IV of
CVM (P <.001), 100% in males and 87% in females.

DISCUSSION

This systematic review, including a comprehensive analysis of
2 high- and 25 moderate-quality studies, found that the CVM
method can be considered as an effective method similar to the
skeletal analysis of the hand-wrist method. In addition, our initial
research question, namely “How effective is the CVM method in
terms of predicting the growth spurt?” revealed the answer that
the CVM method can be considered an effective tool in deter-
mining the growth spurt in growing patients.

The literature search initially uncovered 1284 publications, but
only 43 quantitative studies were qualified for evaluation in this
review. Such a finding is common when performing systematic
reviews, as the initial and deliberate search of the literature was
designed to include as many studies as possible in order not
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Table 2. Quality assessment of selected studies

Articles 1 2 3 4 5 6 7 8 9 10 11 12 Total  Quality
Hassel and Farman? 0o 0 O 1 1 1 1 0 O 1 1 1 7 Moderate
Beit et al® 1 1 0 1 1 1 1 1 1 1 1 1 11 High
Mito et al.® 1 1 0 O 1 0 1 0 1 1 0 1 7 Moderate
Wong et al." 1 0o o0 1 0 o 1 0 1 0 1 1 6 Low

San Roman et al. " 1 0 o0 1 0 O 1 0 1 0 1 1 6 Low
Caldas et al." 1 1 0 1 0O 0 0 O 1 0 1 1 6 Low
Soegiharto et al.” 1 1 0 1 0O o0 1 0 1 1 1 1 8 Moderate
Gandini et al.™ 1 0O 0 O 1 1 1 0 1 0 1 1 7 Moderate
Laietal.” 1 1 0 1 0 0 1 1 1 1 1 1 8 Moderate
Pichai et al.’® 1 1 0 0 0 1 0 0 1 1 1 1 7 Moderate
Kamal et al."” 0o 0 O 1 0O 0 0 O 1 0 1 1 4 Low
Stiehl et al.’ 1 0O 0 0O o0 0 1 0 1 1 1 1 6 Low
Soegiharto 1 1 0 1 0 o 1 0 1 1 1 1 8 Moderate
Byun et al.®® 0O 0 o0 1 0O 0O O o0 o0 1 1 1 4 Low
Danaei et al.”! 1 1 0 O 0 1 1 1 0 1 1 0 7 Moderate
Durka-Zajak et al.?? 1 1 0 0 0O 0 O 0 o0 0 1 0 2 Low
Carinhena G et al.? 1 1 0 O 0 o0 1 0 o0 1 1 0 5 Low
Pasciuti et al.* 1 1 0 O 0 o0 1 0 1 1 1 1 7 Moderate
Uysal et al.® 1 1 0 1 1 1 1 1 1 1 1 1 11 High
Chatzigianni et al.® 1 1 0 O 1 1 1 0 1 1 1 1 9 Moderate
Chang et al.” 1 1 0 1 1 1 0 0 1 1 1 1 9 Moderate
Heravi et al.?® 1 1 0 1 1 1 0 0 1 1 1 1 9 Moderate
Mito et al.®® 1 1 0 1 1 0O 0 O 1 1 1 1 8 Moderate
Turkoz et al.*® 1 1 0 1 1 0O 0 0 O 1 1 1 7 Moderate
Varshosaz et al.?! 1 1 0 1 0O 0O O o0 o0 1 1 1 6 Low
Litsas et al.* 1 1 0 1 1 0 1 0 1 1 1 1 9 Moderate
Flores-Mir et al.3 0 1 0 O 0O 0O O o0 o0 1 1 1 4 Low
Mahajan et al.** 0O 0 oO0 1 0O 0 O o0 o0 1 0 1 3 Low
Altan et al.** 1 1 0 0 0 1 0 0 1 1 1 0 6 Low
Safavi et al.* 1 0 0 0 0 0 1 1 0 0 1 1 5 Low
Litsas et al.” 1 1 0 1 1 0 1 0 1 1 1 1 9 Moderate
Ramirez-Velasquez*® 1 1 0 0 0 o0 1 0 o0 0 1 0 3 Low
Montasser et al.** 1 1 0 1 1 0 1 0 1 1 1 1 9 Moderate
Singh et al.*° 1 1 0 1 1 1 1 0 1 1 1 1 10 Moderate
Prasad et al.*! 1 0O 0 O 0O 0O O o0 o0 0 1 0 2 Low
Ayach et al.*? 1 1 0 1 1 0 1 0o O 0 1 1 7 Moderate
Franchi et al.”® 1 1 0 O 1 0 1 0 1 1 1 1 7 Moderate
Hosni et al.* 1 1 0 1 1 1 1 0 1 1 1 1 10 Moderate
Felemban et al.* 1 1 0 1 0O 0O O o0 o0 1 0 0 4 Low
Kocasarac et al.* 1 1 0 1 1 1 1 0 1 1 1 1 10 Moderate
Camacho-Basallo et al.*” 1 1 0 1 1 1 1 0 1 1 1 1 10 Moderate
Cossellu et al.#® 1 1 0 1 1 1 1 0 1 1 1 1 10 Moderate
Montasser et al.** 1 1 0 1 1 1 1 0 1 1 1 1 10 Moderate
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to inadvertently miss or overlook any study. The selection was
made systematically as illustrated in the Materials and Methods
section. Sixteen studies were judged to be of low quality and
therefore did not contribute to the evidence.

Only few studies included in our review used rigid parameters
regarding the sample selection. Chang et al.”” stated that the
samples analyzed were chosen randomly; however, the specific
criteria for random selection have not been described. Only
Uysal et al.®* established rigorous selection criteria, taking
under consideration factors like lack of relative medical records,
race, systemic diseases, and medical syndromes. Considering
the influence of these co-factors on general growth and
development, we believe that their strict selection criteria can
contribute to the article substantial scientific evidence.

The scientific evidence of our sample was medium/high
due to the presence of errors occurring in most of the stud-
ies analyzed, such as the lack of standardization in the proce-
dures performed for data collection, the different age groups
included in the studies, and the different methods of analy-
sis of the cervical vertebrae. These factors can influence the
results of our research. However, this should not be a major
issue with regard to the quality of the studies. A detailed analy-
sis of the articles and very selective inclusion criteria lead to
a result which is useful internationally as scientific evidence.
The study by Heravi et al.®® showed different levels of correla-
tion between 4 different CVM methods and therefore the same
HWM (Tanner-Whitehouse) in a single sample. This result is
consistent with several publications that identified different
correlations between CVM and HWM using different methods
of study of the cervical spine.??” Therefore, the accuracy, cor-
relation and reproducibility of this approach can be influenced
by the method of analysis. In fact, there is a good sort of variety
of CVM methods, including an easy qualitative analysis of the
form and vertebral dimension, quantitative measures of the
vertebral shape (some of which are limited to distances and
ratios of height and width), depth of the lower concavity, and
other more specific measurements.

In the literature, there are few studies that systematically ana-
lyze the efficacy of the CVM method. However, a review of
the literature, similar to the present one, was presented by
Santiago et al.* in 2012. Opposed to our study, the authors
affirmed that the CVM method did not demonstrate a good
correlation with the HWM method and its effectiveness could
not be proved.

The longitudinal study is the best method to carry out research
on craniofacial growth and development since it can provide a
continuous comparison with respect to the development of the
patient. However, most of the studies included in our review
were founded on cross-sectional data that have limitations in
terms of growth analysis. In fact, transversal sampling is rela-
tively insensitive to individual variability, contrary to what hap-
pens in a longitudinal sample. Unfortunately, according to the
study by Soegiharto et al.,’ the difficulties of obtaining a large
sample size tend to preclude this methodology.

Many radiological methods for evaluating skeletal age have
been described and evaluated, and of all of them, hand-wrist
radiography is believed the gold standard in the scientific lit-
erature. However, some authors recommend abstaining from
hand-wrist radiography because of the extra x-ray exposition in
growing patients.>'3' For this reason, in recent years, the assess-
ment of skeletal age based on vertebral morphology as shown
by latero-lateral teleradiography has increasingly established
itself in the clinical setting.

Anyhow, the evaluation of skeletal age based on the cervi-
cal spine has been critically examined by many authors and its
clinical validity has been seriously questioned.*>*® Most studies
citing highly reproducible results for the CVM method (> 90%)
used cervical vertebrae tracings and not actual radiographs
during the spinal analysis steps, thus introducing bias in the
results. The authors conducted a study to evaluate the reliabil-
ity of CVM on a sample of 90 teleradiographs obtaining 62% of
intra-observer agreement. This result corresponds to a “moder-
ate” agreement. Nonetheless, the authors interpreted this result
as poor proof of reproducibility. On the other hand, numerous
articles included in our review reported a reproducibility of the
CVM method as between 85% and 98% using actual radiographs
of the patients.'>15212425

Several studies have described a significant correlation
(.001 < P < .05) between HWM and CVM.">?>?7 Other articles
included in our review confirmed that bone age determined by
the CVM method is an effective tool for the evaluation of skeletal
maturity in the same way as hand-wrist radiograph, which rep-
resents the most established method of analysis in literature.>*
Thus, these studies showed a high correlation index between
the 2 methods. Furthermore, Franchi et al.** and Baccetti et al.?
proved the efficacy of the CVM method in predicting the puber-
tal growth spurt using hand-wrist radiographs as a concern.
Nevertheless, these studies were conducted retrospectively,
therefore their validity on the current population could be que-
ried. However, a prospective study was performed recently on
a current sample, which demonstrated that the CVM method
was an efficient tool to predict the pubertal growth spurt and
body growth.** Examining the high correlation between the
CVM and the HWM methods indicated in the previously cited
articles,>*'>252743 it can be inferred that CVM classification has the
potential to replace HWM in assessing bone maturation and thus
eliminate additional hand and wrist radiography which has been
widely contested.>'*

According to Beit et al.’ chronological age is not a good
indicator for assessing a patient's stage of development. In fact,
there are many factors that influence a patient’s body growth
and maturation. These factors include race, genetic conditions,
climate, nutrition, hormonal disorders, and environmental
influences. For this reason, Montasser et al.** recommend taking
racial and sex differences into account when using CVM as an
indicator of skeletal maturity.

One article included in our review showed that there was a
statistically significant correlation between chronological
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age and skeletal maturity, determined by the analysis of the
cervical vertebrae (r = 0.771).3” All other studies regarding
the correlation between dental age and the CVM method
also demonstrated, through the Spearman correlation test,
a statistically significant correlation between the 2 methods
(P <.0071).%48

According to the study by Franchi et al.** the accuracy of the
CVM method provides useful indications in the identification of
the mandibular growth peak, with the additional advantage of
decreasing the exposure of patients to x-rays.

Some studies included in our review do not support the use of
the CVM method if it is not used concurrently with other skel-
etal indicators for the precise determination of skeletal matu-
rity.?%?® However, most of the studies have stated that the CVM

method is an effective method for assessing skeletal maturity
(P < .05).2,9,13—15,21,24,25,27,29,37,43,44,47,48

CONCLUSION

With a moderate/high level of evidence:

e The CVM method can be considered as an effective tool to
determine the growth spurt in growing patients

e The CVM method can be considered in the same way as the
skeletal analysis of the hand-wrist method

« There is no clinical reason for submitting the growing patient
to a further radiograph of the hand and wrist since the cervical
vertebrae are already recorded on lateral cephalograms.
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Main Points
Patients with muscular dystrophies present alterations in growth and development as well as in orofacial morphology.
Increased prevalence of malocclusions, of both skeletal and dental origins, characterize patients with muscular dystrophies.
Different dentofacial characteristics are reported among patients with different types of muscular dystrophies.
Further research is needed to clarify the orofacial phenotypic expression of muscular dystrophies.

ABSTRACT

The aim of this review is to evaluate the developmental, functional, and morphological aspects of the craniofacial complex in pa-
tients with myotonic dystrophy type 1 (DM1), Facioscapulohumeral muscular dystrophy (FSHD), and Duchenne muscular dystrophy
(DMD). The degree of disease onset and severity varied from patient to patient, and most parameters indicated a greater degree of
deterioration in older patients. It was found that all the muscular dystrophies studied showed altered craniofacial morphology, with
malocclusion as the most consistent clinical characteristic. Particularly DM1 patients, who are the most studied, showed significant
vertical aberration and post-normal occlusion. DMD patients are reported mainly with altered dental arch dimensions which influ-
ence functional capacities. Data for FSHD patients are very limited, but facial asymmetry and muscular weakness appear to be the
most prominent findings. Patients with muscular dystrophies present deviations in growth and development as well as in orofacial
morphology. Increased prevalence of malocclusions, of both skeletal and dental origins, characterize patients with muscular dystro-
phies. Different dentofacial characteristics are reported among patients with different types of muscular dystrophies. Further research
is needed to clarify the orofacial phenotypic expression of muscular dystrophies.

Keywords: Genetic myopathies, myotonic dystrophy type 1, facioscapulohumeral muscular dystrophy, Duchenne muscular dystro-
phy, dentofacial morphology

INTRODUCTION

Muscular dystrophies are a group of hereditary degenerative diseases that affect the structure of skeletal mus-
cles. They present related clinical symptoms, which include progressive dystrophic changes in muscle tissue.
Moreover, they gradually destroy muscle cells, substituting them with connective tissue, resulting in progressive
impairment of muscle strength and function. Muscular dystrophies are often characterized by atrophy in axial,
facial, upper, and lower limb musculature. Other groups often affected by degenerative changes include the
heart, respiratory, swallowing, and eyelid muscles.!

Various researchers have reported animpact of muscular involvement in the growth of the craniofacial complex.??
The effects of a neuromuscular disease on the craniofacial muscles potentially disrupt both facial morphology
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and the functional aspects of dental occlusion. Although the
effect of muscular weakness on the function of the craniofacial
complex is reported in the literature, there are few systematic
studies regarding the evaluation of such patients. Possible find-
ings may contribute toward improvements in both the diagnos-
tic and treatment regimens.*

The present review assesses the manifestations of the selected
dystrophies through the prism of dentofacial science. The ulti-
mate goal is to combine genetic testing, which verifies the pres-
ence of muscular dystrophy, with the orthodontic approach,
which studies the effects on the function of the craniofacial com-
plex, potentially leading to improved understanding of the etiol-
ogy of such diseases to improve the quality of life of the patients.

MYOTONIC DYSTROPHY TYPE 1 (DM1)

Epidemiology
DM1 is one of the most common neuromuscular diseases in
adults. The prevalence of the disease is 1:8000 births.

Genetic Background

DM1 is inherited with an autosomal dominant pattern. The
genetic locus of DM1 is localized in the long arm of chromosome
19.5 The molecular basis of DM1 is proved to be caused by an
unstable expansion of a trinucleotide repeat (CTG).” This repeat
is localized in an untranslated area of the protein kinase gene
of myotonic dystrophy (DMPK). This gene is expressed consider-
ably in the heart, muscles, and to a lesser extent in the brain.®

The length of the trinucleotide repeat has been associated with
the severity of the disease and the onset of the symptoms. The
size of the repeats in the general population (normal individu-
als) mostly varies between 5 and 35 CTG. Patients with DM1
inherit a minimum of 50 repetitions, and in some cases, 2000 or
more. The expansion of the trinucleotide repeat is found to be
increased in consecutive generations of both female and male
descendants.’

Clinical Picture

The dominant symptoms of DM1 include myotonia and progres-
sive muscle weakness, especially in the face and furthermost
areas of the upper and lower limbs. In addition, impairment has
been reported in cardiac conductivity, smooth muscle system,
hypersomnia, and cataract. In male patients, symptoms such as
hair loss, testicular atrophy, infertility, and sexual dysfunction
have been depicted.™

The weakness distribution is quite characteristic in DM1. In the
early onset and frequent symptomatology, weakness of the
facial musculature, eyelid ptosis, and impairment of the ster-
nocleidomastoid muscle is included . Atrophy and degradation
of temporal muscle lead to a concave shape of the temporal
bone.'® Furthermore, atrophy and degeneration of the masse-
ter muscle have been diagnosed in patients with DM1 through
an ultrasound examination." Finally, the atrophy and weakness
of pharyngeal muscles, resulting in a nasal tone in the patient's
voice, affecting enunciation.?

FACIOSCAPULOHUMERAL MUSCULAR DYSTROPHY (FSHD)

Epidemiology

FSHD (MIM#158900), known as Landouzy-Dejerine disease, is
one of the most common forms of muscular dystrophy, with
an autosomal dominant pattern, with an estimated preva-
lence of 1:20 000. Although it was initially reported that most
of the patients affected were male, the majority of asymptom-
atic patients were more frequently females. Therefore FSHD is
believed to affect both genders equally.’>™

Genetic Background

FSHD is thought to result from the abnormal expression in mus-
cle of a gene called DUX4. Typically, DUX4 is expressed only dur-
ing early embryogenesis and in the cells that develop into sperm.
However, when expressed in muscle tissue, DUX4 appears to be
toxic.

Linkage studies have reported the genetic locus for FSHD in the
DUX4 gene on the long arm's subtelomeric region in chromo-
some 4 (4935)."” Moreover, in this area, a repeating micro-satel-
lite array was located. The size of this repeating array depends on
the number of repeats named D4Z4 with a length of 3.3 kb (16).
Individuals who suffer from FSHD1 carry a reduced number of
1-10 D4Z4 repeats, while non-patients have 11-100 repeats.'s'®

Definitive diagnosis of FSHD is facilitated only through molecu-
lar genetic testing. This can be achieved with the Southern blot
technique, by determining the number of repeating D4Z4 arrays,
with the use of genomic DNA, which is digested with EcoRI and
hybridized with the probe p13E11.39. Numerous reports have
described an inverted relationship between the severity of the
clinical symptoms and the number of D4Z4 repeats, because
patients with a smaller number of repeat arrays exhibit a more
severe phenotype. It is worthwhile mentioning that 5% of FSHD
patients do not present deletions of D4Z4 arrays (non-linked
FSHD) and are considered to be related to a second phenotype
known as FSHD2."7®

Clinical Picture

FSHD is described as a slow and gradually progressing muscu-
lar dystrophy, with onset in the second or third decade of life.
The symptoms can develop at any age, from infancy through
advanced age. The most prominent symptoms are weakness of
the facial and shoulder muscles, followed by ankle and medial
leg musculature weakness. There have also been reports of
congenital and early onset cases, with various symptoms and
degrees of severity.?

The disease shows gradual progression, due to which it is quite
common that patients do not report all of their symptoms
because they consider them to be caused by other diseases or
injuries. In addition, although FSHD is inherited with an auto-
somal dominant pattern, an adverse family history does not
exclude the existence of the condition. Between 10% and 30% of
cases are caused by new (de novo) mutations and by asymptom-
atic gene carriers, which are frequently found in families with
FSHD."
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DUCHENNE MUSCULAR DYSTROPHY (DMD)

Epidemiology
The estimated prevalence of DMD is estimated at 1:3300-4700
live male births.?'

Genetic Background

DMD is an inherited myopathy, in which a genetic mutation
is observed in the Xp locus, in the short arm of the X chromo-
some.”2 DMD is an X-linked disease caused by the absence of a
protein named dystrophin, which is found more frequently in
skeletal muscles and neurons in specific regions of the central
nervous system.2

Clinical Picture

The initial DMD symptoms appear in childhood (usually around
5 years of age) with difficulty in walking. The most prominent
symptoms include severe progressive muscle weakness in the
pelvic, shoulder, upper, and lower limbs.?

METHODS

A literature search was conducted, including the online data-
bases PubMed, Google Scholar, Scopus, Cochrane Library,
MEDLINE, and Embase, by using the following search terms and
their combinations: “Orofacial manifestations” AND “Muscular
Dystrophies” OR “Genetic Myopathies,” “Orofacial manifesta-
tions” AND “Myotonic dystrophy,” “Orofacial manifestations”
AND “Facioscapulohumeral muscular dystrophy,” “Orofacial
manifestations” AND “DMD.” The references from the identified
articles were incorporated to discover supplementary related
publications.

Our inclusion criteria were the following:

1. Clinical studies based on humans only, including random-
ized control trials, clinical control trials, prospective or retro-
spective cohort studies, case reports, and case series.

2. Scientific articles written in the English language, and those
in other languages were included if an English abstract was
available.

Our exclusion criteria were in vitro or animal studies, and clini-

cal outcomes based on questionnaires. Scientific articles in other

languages than English, without an English abstract.

Clinical and Research Consequences
The total number of articles that met our inclusion criteria was
38.These articles were assessed and consequently reviewed.

Manifestations of DM1

The majority of research conducted regarding the manifesta-
tions of DM1 is currently related to the effects of the disease on
craniofacial growth and development. Patients diagnosed with
an early onset of DM1 present a hyperdivergent facial growth.
A weak muscular system combined with a disrupted force equi-
librium affects both the morphology of the craniofacial complex
and the occlusion.?*?” Patients with DM1 exhibit increased verti-
cal facial growth compared to the normal population, narrower

maxillain the transverse dimension, and deeper palatal vault.52
Kiliaridis et al.?® reported an increased prevalence of malocclu-
sion in DM1 patients, such as retrognathic maxilla and mandible,
anterior open bite, and posterior crossbites. These results come
in agreement with those reported by other researchers.??°

Gazit et al.*° described decreased strength in the orbicularis oris
muscle, tongue thrusting, and oral breathing. Also, temporo-
mandibular joint symptoms tend to affect patients with DM1,
such as disc displacement, repeated locking during opening or
closing of the mouth, and clicking sounds.

As reported by various researchers, the decreased biting force
of DM1 patients advocates for impaired muscle strength due to
the disease.' The involvement of facial musculature might be
the reason for the mandibular clockwise rotation, either due to
gravity or due to the absence of supra-hyoid muscle support.>
This mandibular movement consequently affects the position
of the tongue and head posture. In addition, new conditions are
formed around teeth in the transverse dimension. The tongue,
is positioned lower in the oral cavity, following the mandibular
rotation, and cannot counterbalance the forces created by the
disrupted facial musculature. These newly established condi-
tions could affect the transversal position of the teeth, reducing
palatal width and causing posterior crossbite. In combination
with the decreased occlusal forces, the new postural position
of the mandible might contribute to over-eruption of the max-
illary posterior teeth. In this case, the palatal depth increases
because of the overeruption. The lower jaw may rotate even
more in the clockwise direction, contributing to the increase
of the angle between the mandibular plane and the palatal
plane.

The increased prevalence of Angle Class Il malocclusion in
patients with DM1 is quite possibly linked to this mandibular
posterior rotation. Moreover, changes in the mandibular plane
angle are in concordance with Wolff’s theory (1892), which states
that bone shape and structure are related to the pressure of the
functional forces applied by the muscles.> The facial and occlu-
sal characteristics of DM1 patients resemble the “adenoid face,”
where the neuromuscular adaptation contributes to a secondary
backward rotation of the mandible and changing of head pos-
ture to facilitate oral breathing. Notably, in myotonic dystrophy
patients, the muscular weakness is the reason which leads to the
backward rotation of the mandible, contributing to oral breath-
ing, because these patients do not present impairment of nasal
breathing.*®

Difficulties in mastication and swallowing as symptoms of DM1
have been reported in the literature.®?**3 Kiliaridis et al.?®
described that DM1 patients need 2.5-fold more time for mas-
tication and have 2.5-fold larger mastication cycles than healthy
controls. Also, they had, on average, the half-maximal biting
force compared with a healthy population.?® Swallowing diffi-
culties are related to myotonia, muscle atrophy, and weakness,
xerostomia. In more detail, cases of choking during feeding,
repeated swallowing attempts, and gastroesophageal reflux
have been reported.® Harper et al.® highlighted the importance
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of palatal morphology in swallowing. In combination with the
mandible and tongue position, this could precipitate aspiration
of food into the bronchial tree.® This condition could be further
aggravated by the degradation of pharyngeal and esophageal
muscles.® According to Sjogreen, congenital and childhood-
onset cases of DM1 exhibit reduced facial expressiveness, appre-
hension, feeding difficulties, and sialorrhea compared with
healthy children of the same age.®

Finally, in a lateral cephalometric radiography study conducted
by Fotinha et al.* in 2018, the following findings were reported
in patients with childhood-onset and congenital form of muscu-
lar dystrophy. In the sagittal plane, the ANB angle was increased,
and the SNPg angle was decreased in DM1 patients. In the ver-
tical plane, in concordance with the literature, the mandibular
plane angle (ML-SN) and the intermaxillary angle (ML-PP) were
increased compared with a healthy population. Moreover, a
difference was noted in the anterior cranial base angle (NSBa),
which was reduced in DM1 patients. It is worthwhile mention-
ing that in 5 years, mandibular plane and intermaxillary angles
did not decrease, in contrast with the same values in unaffected
subjects.®

Manifestations of FSHD

One of the most characteristic symptoms of FSHD is the asym-
metric weakness of facial muscles. The ones who are more fre-
quently affected are orbicularis oris, orbicularis oculi, and the
zygomaticus major muscle. Facial weakness is quite evident in
25% of patients, and often the participation of facial muscles
is not recognized by up to 60% of the patients themselves. The
patients themselves rarely report symptoms of facial weakness,
and for that reason, it is quite essential that they are assessed by
the examining clinician.24

The weakness in the orbicularis oculi affects the patient's abil-
ity to close his eyelids. Many tend to sleep with their eyelids
partially open and experience a conjunctiva inflammation
when they wake up. When a patient with a more severe phe-
notype is asked to closed his eyelids Bell’'s phenomenon is
apparent, which is an upward and outward movement of the
eye. Furthermore, the lower weakness of orbicularis oculi may
lead to “signe de cils,” which is characterized as the eyelashes’
inability to close entirely when the patient attempts to close his
eyes tightly.#42

The weakness in the orbicularis oris muscle results in evident
asymmetry when in a rest position, which is quite prominent
when the patient is asked to contract his lips or fill his cheeks
with air. Tasks such as whistling, blowing a balloon, or consum-
ing a liquid from straw could be quite challenging. In some cases,
though, the upper lip might lose its mobility. The affection of
zygomatic muscles contributes to the impaired ability to raise
the corners of the mouth. Thus, when the patient tries to smile,
his lips move in a horizontal direction producing the so-called
“transverse smile,” characterized as a frowning grin. In many
patients with a severe clinical picture of the disease, an extended
weakness of the facial muscles may lead to a “myopathic face”
absent of facial expressions.*'“?

Finally patients with FSHD present poor oral hygiene, impaired
masticatory functions, decreased mouth opening, high palatal
vault, narrow dental arches, and a variety of malocclusions.®

Manifestations of DMD

After evaluating dental casts of DMD patients, Eglietal.* reported
a higher prevalence of malocclusion compared with the healthy
controls. First of all, anterior and posterior open bites were
more frequent in DMD patients. The overbite was considerably
decreased in individuals with DMD, supporting the increased
tendency of anterior open bites. Moreover, changes in overjet
and molar relationship were not found to be of significance.
During the 2-year assessment of DMD patients by Egli et al.*
the changes that were identified as most significant were in the
transverse dimension, especially the increment of inter-molar,
inter-premolar, and inter-canine mandibular widths. According
to the assessment of cephalometric radiographs, the ANB angle
was decreased over 2 years, while NSBa was increased. The SNB
angle had also reduced, but not significantly.*

The maximal bite force of posterior teeth, as well as the labial
force, were reduced in DMD patients compared to the control

group.

The healthy population presented an increase in the previously
mentioned categories during the 2 years in contrast with the
individuals with DMD. Regarding the masseter muscle width, no
significant differences were noted between the 2 groups.

Another study conducted by Morel et al.* reported a tendency
for an Angle class lll malocclusion in older DMD patients. Overjet
exhibited a significant decrease during the growth of DMD
patients compared with the healthy population.® In addition,
the transverse dimension results were in concordance with
those found from Egli et al.** The presence of posterior crossbites
was increased in DMD patients. In both upper and lower arches,
an increment of the inter-molar and inter-premolar widths was
reported, as well as an increase in the mandibular inter-canine
distance. It is worth mentioning that inter-molar distance was
considerably increased in older patients, leading to the conclu-
sion that individuals with DMD presented progressive wider
mandibular dental arches. The angular measurements of ANB
and lower incisor inclinations and the lower arch depth were
reduced. Finally, the values of the mandibular plane angle (ML-
SN) and intermaxillary angle (ML-PP) did not present any statis-
tically significant difference between the DMD patient and the
healthy control group.*#°

DISCUSSION

The reviewed literature demonstrates the orofacial manifesta-
tions of 3 of the most frequent types of muscular dystrophies.

According to the existing research, young patients with con-
genital or childhood-onset DM1 present a differentiated cranio-
facial morphology and an abnormal growth pattern compared
to the average population. Particularly, differences at the sagittal
level were observed with retrusion of the mandible as the more
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significant. In the vertical dimension, the mandibular plane
and intermaxillary angles were significantly increased in DM1
patients and did not decrease during a longitudinal assessment
in a 5-year period as documented in healthy controls.?5?® A possi-
ble explanation could be that DM1 patients have a head posture
similar to individuals who present oral breathing. This fact is con-
sistent with the findings in patients with an oral breathing pat-
tern, who had a smaller anterior cranial base angle (NSBa) similar
to the DM1 patient group.®® The craniofacial characteristics of
DM1 can possibly be linked with weakness of the masseter mus-
cles, which could impair the oral health as well as the function
of the patients.?® Individuals with such a clinical picture might
present further deterioration of their oral functions, and their
diet should be accordingly adjusted.*® Furthermore, it has been
described that populations with neuromuscular diseases, and
especially with DM1, present an increased prevalence of maloc-
clusions. This tendency for malocclusions could be correlated
with the deviation of the vertical dimension during the craniofa-
cial growth and development, which is affected by masseter and
hyoid muscle impairment and leads to a backward head posture.
Finally, it is worth mentioning that the facial muscles’ weak-
ness may lead to a clockwise rotation of the mandible, resulting
in decreased occlusal forces in the posterior teeth region. This
condition could initiate the overeruption of posterior dentition,
causing a deeper palatal vault, reduced palatal width, and poste-
rior crossbite, as it has been documented.? DM1 affects patients
from a young age, and in some instances, the deviation of the
vertical dimension of craniofacial morphology could be charac-
terized as an initial sign of the disease.

Facioscapulohumeral muscular dystrophy exhibits a progres-
sive, gradual muscular weakness, although disease severity dif-
fers even between members of the same family. If we compare
other muscular dystrophies with FSHD, it has been described
that the latter possess a steady progression course. Due to alter-
nating periods of steady progression and rapid development of
muscle weakness, the anticipation of disease course is challeng-
ing. The main factors contributing to a severe phenotype are the
early onset of symptoms and short repeat arrays (10-20 kb).*’
Although life expectancy is not reduced, FSHD patients should
seek genetic counseling to obtain information regarding pos-
sible upcoming disease flare-ups.?° It is already known that FSHD
affects the face, shoulders, back, and leg muscles.*' Patients
frequently do not recognize the disease’s symptoms and signs,
highlighting the necessity of neurological clinical examination
and diagnosis confirmation through genetic testing.

It has been demonstrated from current research that DMD
affects both orofacial function and structure.®®*® Phenotypes
of older patients deteriorated on a larger scale than younger
ones, and cases of an open bite, reduced overjet, and posterior
crossbite appear at a higher prevalence. Although a significant
skeletal deviation with a tendency towards an Angle Class llI
skeletal malocclusion was reported in the sagittal dimension,
at the vertical level, no statistically significant changes were
noted, despite the decreased overbite. The fact that the ANB is
decreased tends to confirm the Angle Class Ill pattern of skel-
etal growth. It could be hypothesized that the impairment of

orofacial function contributed as an etiologic factor in the devel-
opment of malocclusions.**0

The increased tongue volume, as described by van den Engel
Hoek et al.,***" interferes with the posterior dentition’s lingual sur-
faces, leading to an increased inter-molar distance more promi-
nent in the lower than in the upper arch and causing a posterior
crossbite. Likewise, the increased tongue volume that might lead
to interferences between the posterior dentition could also con-
tribute to development of an open bite.***>* Moreover, in most
patients, there was a buccal inclination of the posterior teeth
disrupting the lower arch’s parabolic shape, probably due to
increased tongue volume.®*“° [t needs to be mentioned that the
research by Egli et al.* disagrees with the findings of Matsuyki
et al.,** where it is stated that the mandible rotates backward
during growth and the patient's skull can be characterized as
dolichocephalic.*** Furthermore, the biting force seemed to
diminish, and labial strength remained constant in DMD patients
through an extended period, in contrast with the control group,
where it was increased. The reason behind this difference might
be the progressive weakness of the skeletal muscles.

Nonetheless, the masseter muscle's width did not change,
although it is proved that a correlation exists with biting force.
A possible explanation for this contradiction could be the sub-
stitution of muscle tissue with adipose and connective tissue.*
The preservation of right occlusion and adequate muscle func-
tion for the longest possible time could be vital for an acceptable
quality of life of DMD patients.

At this point, we need to highlight that not all patients with mus-
culardystrophies present the same manifestations in their cranio-
facial morphology. Comparing the existing literature regarding
the orofacial characteristics of DM1 with DMD patients, the latter
show a higher tendency for malocclusions, including posterior
crossbites due to wider mandibular arches, anterior and poste-
rior open bites, and a tendency for an Angle Class lll malocclu-
sion. In the vertical dimension, DMD patients do not seem to
present significant deviations. On the other hand, DM1 patients
present a higher tendency of deviation of vertical growth, with a
clockwise rotation and a retruded position of the mandible. 26444
Although both diseases are characterized by muscular weak-
ness, the posterior crossbite’s etiologic factor in DM1 patients is
the narrower maxillary arch. On the contrary, posterior crossbite
develops in DMD patients due to the transversal widening of the
mandibular arch, caused by the reduced tension of the masseter
muscle close to the molar region. This, coupled with the over-
sized but decreased tonicity of the tongue, leads to disruption of
the force equilibrium in the oral cavity resulting in the widening
of the lower jaw.

The functional matrix theory highlights the muscles’ influence on
the growth and development of the craniofacial complex.* Their
impairment by a neuromuscular disease could have adverse
effects on the morphology and function of the craniofacial com-
plex, necessitating additional investigations on the topic. Future
findings may aid both in clinical diagnosis and treatment plan-
ning of a patient with muscular dystrophy. Improved knowledge
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regarding the phenotypic expression of neuromuscular diseases
in the orofacial region may help to particularize genotype-
phenotype studies resulting in a higher quality of evidence. For
example, the evaluation of facial morphology by incorporat-
ing 3D stereophotogrammetry applied by Pucciarelli et al.>” on
patients with spinal muscular atrophy demonstrated the first
group of manifestations on facial soft tissues.”” Similar assess-
ments of the craniofacial complex could be done in various neu-
romuscular diseases, including muscular dystrophies, aiming at
the comparison of their manifestations, facilitating more preci-
sion in diagnosis, and differentiating overlapping characteristics
that frequently portray these diseases.”’

A thorough examination of muscle weakness is strongly sug-
gested before the start of treatment because the progressive
course of the disease could convolute treatment prognosis.
Clinicians, particularly orthodontists, should be very careful when
patients who present muscle weakness signs inquire about
treatment. It is pretty often that patients with neuromuscular
diseases are not aware of their condition, even though the oro-
facial manifestations of the disease appear before the systemic
ones, particularly at young ages. Consequently, the recognition
of early neurological symptoms may be critical to the diagno-
sis of an underlying neuromuscular disorder and establishing a
more precise treatment and post-treatment retention plan.

CONCLUSION

The findings of the present review suggest that patients with
muscular dystrophies exhibit alterations in growth and develop-
ment as well as in dentofacial morphology. According to numer-
ous reports, increased prevalence of malocclusions, of both
skeletal and dental origins, are strongly associated with muscu-
lar dystrophies. Nevertheless, different orofacial morphological
and functional characteristics are reported among patients with
different types of muscular dystrophies. Finally, future research
could aim at elucidating the genotypic-phenotypic correlation
in patients suffering from muscular dystrophies.
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ERRATUM

In the article by Farhadifard et al., entitled “Plaque Removal Efficacy of 3 Cleaning Methods for Removable
Orthodontic Appliances: A Crossover Randomized Clinical Trial” that was published in the September 2021 issue
of the Turkish Journal of Orthodontics (Turk J Orthod. 2021; 34(3): 170-175. DOI: 10.5152/TurkJOrthod.2021.
20079), co-author Sepideh Soheilifar's last name was erroneously written as Sohilifar.

The error has been corrected accordingly and updated in the journal’s archive. You may access the updated
article via the link below.

https://www.turkjorthod.org/en/plaque-removal-efficacy-of-three-cleaning-methods-for-removable-ortho
dontic-appliances-a-crossover-randomized-clinical-trial-163930
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