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Abstract

Marfan syndrome (MES) is a type of connective tissue disorder caused by a mutation of the fibrillin gene and increased
TGF-B in tissues. This disorder leads to connective tissue fragility, with such clinical manifestations as slender fingers, long
limbs, abnormal cardiac valves, and aortic aneurysm development. We present here a case of Class II maxillary protrusion
in a 13-year-old male with MES. The patient underwent orthodontic treatment, including extractions of the upper and lower
bicuspids. The treatment achieved a good Class I occlusion with normal overjet and overbite. On the other hand, we found
extraordinary craniofacial skeleton development during the post-adolescent period and untreatable marginal gingivitis despite
complete plaque control, which might be resulted from connective tissue fragility.
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discuss specific details related to clinical management of affected
patients.

Introduction

Marfan syndrome (MFS) is an inherited disorder of connective
tissue, in which a mutation of the fibrillin 1 gene (FBN1) leads to
an increased level of Transforming growth factor beta (TGF-8 in

History and Assessment

tissues, with resultant impact on the tissue homeostasis of micro-
and elastic fibers [1]. Clinical manifestations include tall stature,
long limbs, mitral valve prolapse, and aortic aneurysm develop-
ment |2, 3]. The main dental findings are a high-arched palate and
retrognathia, and affected patients exhibit a periodontal ligament
and root morphology that might be caused by the associated con-
nective tissue disorder [4, 5]. Adult MFS patients are characterized
by a prolonged face with a posterior positioned mandible, and
exhibit maxillary protrusion with labial inclined maxillary incisors
and posterior tipped mandibular incisors. Few studies of MFS
have examined the specific morphogenetic aspects of the crani-
ofacial complex, or the influence of genetic and environmental
factors on clinical management. Here, we describe orthodontic
treatment and skeletal changes in a young male with MFS, and
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A 13-year-old male was referred to the Department of Oral and
Maxillofacial Surgery of Nara Medical University Hospital for
protrusion of the upper front teeth. The patient had been diag-
nosed with MES at the age of 12 years 8 months due to mitral
valve prolapse and an aneurysm that developed in the aortic root,
for which he underwent heart surgery procedures at the age of 13
years and again at 14 years.

The patient had a convex profile, long face, and retrognathia,
including long limbs and slender fingers. An oral examination
showed narrow upper and lower dental arches, as well as a pos-
terior crossbite at the first molar, severely protruded upper inci-
sot, and high-arched palate (Figure 1). The molar relationship was
Class II on both sides. The overjet and overbite were +12.0 mm
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and +1.6 mm, respectively. Cephalometric examination findings
revealed a skeletal Class II jaw relationship (ANB=7.4") with a
high mandibular plane angle (FMA= 35.5°, gonial angle= 136.5")
(Table 1). The maxillary incisors showed excessive labial protru-
sion and the lower ones lingual inclination (Figure 2). Both the
upper and lower midlines were aligned with the facial midline.
Our diagnosis was retrognathia and severe crowding associated
with MES.

Aims of Treatment

The primary objectives of orthodontic treatment for the patient
were retraction of the extremely protruded maxillary incisor,
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and correction of severe crowding in both the upper and lower
arches, in order to achieve a Class T molar and canine relation-
ship on both sides, as well as an ideal overjet and overbite. One
of the treatment options considered was retraction of the upper
incisor and correction of the Class II molar relationship using
fixed appliances, which would be performed after extraction of
the upper first bicuspids and lower second premolars. Another
plan considered was correction of the maxillary protrusion by
surgical advancement of the mandible following presurgical or-
thodontic treatment without extraction. However, the patient and
his parents refused an orthodontic-surgical approach because of
the heart disease condition.

Figure 1. Pretreatment facial and oral photographs.

Table 1. Cephalometric analysis findings.

Initial After After Normative

treatment | treatment mean

Age 13y8m 17y5m 19y6m Adult*
SNA (dg) 80.0 77.5 77.5 80.8
SNB (dg) 72.3 74.0 74.5 77.9
ANB (dg) 7.4 3.5 3.0 2.8
Facial angle (dg) 78.6 78.5 79.0 84.8
FMA (dg) 35.5 38.1 38.0 30.5

Genial angle (dg) 136.5 135.8 137.5 130.0

S-N (mm) 69.7 74.5 74.5 72.2
Anterior cranial base (mm) 69.3 75.0 75.0 73.1
Posterior cranial base (mm) 48.8 50.5 53.0 39.4
Mand. body length (mm) 69.6 76.3 76.0 78.6

Anterior face height (mm) 119.6 1325 133.0 132.0
Posterior face height (mm) 79.5 87.7 88.0 84.8

U1 to SN (dg) 121.0 106.0 105.0 105.9
IMPA (L1 to Mp) (dg) 93.5 96.3 93.5 93.4
FMIA (dg) 50.8 46.1 48.0 65.0

Inter-incisal angle 105.9 113.2 116.5 123.6
Overjet (mm) 12.0 3.0 32 3.1
Overbite (mm) 1.6 2.5 2.4 33

*Mean for Japanese males with normal growth [12, 15].
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Treatment Plan

After performing expansion of the maxillary dental arch with a
Quadhelix appliance, a multibracket orthodontic appliance was
used for movement of the upper incisors to reduce the large over-
jet and correct the severe crowding, along with extraction of the
upper bicuspids and lower premolars.

Treatment Progress

At the age of 13 years 10 months, we started maxillary expansion
between the upper first molars using the Quadhelix appliance.
Six months later, a preadjusted edgewise appliance (0.018 x 0.025
inches) was placed to adjust all maxillary and mandibular teeth,
with a 0.016-inch NiTi wire initially used for leveling;

To prevent infective endocarditis, medication with antibiotics and
anticoagulants was given during the period of extraction of the
upper bicuspids and lower premolars. Thereafter, canine retrac-
tion was started, and upper and lower anterior retraction was con-

ducted by closing the loops supported by the Quadhelix appliance
(Figure 3). Because of repeated hospitalizations related to heart
surgery, the patient could only sporadically visit our dental depart-
ment. Finally, at the age of 17 years 5 months, active treatment
was completed (Figure 4, 5). A wraparound retainer was placed on
the upper arch and a spring retainer on the lower arch.

Treatment Results

The patient showed favorable alignment of all teeth after correc-
tion of severe crowding. The upper incisors were moved to up-
right positions, resulting in a normal overjet and overbite, though
the maxillary and mandibular midlines were not coordinated.
Notably, cephalometric superimposition showed strong forward
growth in the anterior cranial base (Figure 6). The increased
anterior face height and mandibular body length demonstrated
a strong front-downward direction of the mandible during the
treatment period, as the ANB angle was decreased from 7.4° to
3.5°, while the FMA was increased by 2.6° (Table 1).

Figure 2. Pretreatment lateral and frontal cephalometric and panoramic radiographs.
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Figure 5. Posttreatment lateral and frontal cephalometric and panoramic radiographs.

Figure 7. Facial and oral photographs, lateral and frontal cephalometric and panoramic radiographs obtained at 2 years 1
month after treatment.
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Discussion

Oral manifestations of MFES are identifiable in intraoral examina-
tions, such as constriction of the maxilla and a high-arched palate,
which contribute to teeth crowding and a posterior cross-bite. A
dolichofacial face type and skeletal Class II malocclusion are com-
monly noted in these patients, while severe periodontitis and root
resorption, as well as resorption of the condyles of the temporo-
mandibular joint have been reported [0, 7].

MES is an autosomal dominant disease that affects connective tis-
sue. Mutation of FBN1 can be identified in affected cases, result-
ing in disintegration and fragmentation of connective tissue fib-
ers, leading to tissue fragility and elongation [1, 8]. The mutation
leads to an increased level of TGF-8 in tissue, resulting in skeletal
and cardiovascular manifestations of MFS [1]. TGF- upregulates
the expression of elastase and matrix metalloproteases [9], and
overproduction of these proteases reduces connective tissue elas-
ticity, with aortic weakness and aneurysm formation developing
[2]. An FBN1 mutation in mice was shown to cause interference
with wound healing of connective tissue damaged by periodon-
tal disease [10]. Severe periodontitis, and tooth root and condyle
resorption might be the result of such reduction in connective
tissue elasticity, leading to weakness of periodontal tissue [7]. In-
deed the present patient frequently showed gingivitis and gingival
bleeding.

We performed orthodontic treatment with extraction of up-
per and lower bicuspids. Because patients with MES frequently
have cardiovascular system problems, such as dilatation of the
ascending aorta, antibiotics are required prior to tooth extraction
or band setting to reduce the risk of endocarditis. The present
patient had also been given warfarin for prevention of cardiac
thrombosis from mitral valve prolapse. Warfarin decreases gener-
ation of thrombin, which regulates the conversion of fibrinogen
to fibrin [11]. To prevent gingival bleeding after extraction of the
upper and lower bicuspids in our patient, the wound was closed
with a suture under continuous administration of warfarin. Fur-
thermore, we carefully performed orthodontic tooth movement
with a relatively light force and achieved good treatment results,
with the final condition the same as that seen in healthy individu-
als (Figure 7).

This patient demonstrated extraordinary craniofacial skeleton
development during the post-adolescent years, while During
the 3-year-4-month period of active treatment, the anterior cra-
nial base enlarged by 5.7 mm and the mandibular body length
increased by 6.7 mm with clockwise rotation of the mandible,
which are greater values than seen in normal Japanese (anterior
cranial base (S-N) = 1.9 mm, mandibular body length = 5.1 mm)
[12]. The cranial base showed smaller increments of growth and
was considered to be stable [13]. The growth changes in this case
may have been due to an increased level of TGF-, which plays
important roles in regulating chondrocyte proliferation and dif-
ferentiation. Furthermore, TGF-f signaling is involved in chon-
drogenesis by controlling Msx2 expression in undifferentiated
cells that give rise to endochondral bone [14]. Other skeletal ab-
normalities, such as long limbs and long slender fingers, were not-
ed in our MFS patient. These as well as the craniofacial skeleton
development might have been results of increased TGF-8 and
reduced elastic fiber contents in musculoskeletal tissue, associated
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with fibrillin insufficiency.

Conclusion

The present patient with MES showed abnormal growth of the
craniofacial skeleton, such as the cranial base. Although no signifi-
cant differences in orthodontic tooth movement were noted, we
encountered untreatable marginal gingivitis caused by continued
administration of warfarin during and after treatment. MFS is as-
sociated with an increased risk of aortic aneurysm development,
thus careful observation and management of the oral condition
over time are needed. Notable, the growth velocity of the anterior
cranial base is greater than that in normal individuals. We con-
cluded that increased TGF-$ and reduced elastic fiber contents in
skeletal tissue might result in these craniofacial condition.
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