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SUMMARY

Introduction

The MARA (Mandibular Anterior Repositioning Appliance)
is a fixed functional appliance used in the treatment of
mandibular deficiencies.

Aims and objectives

To demonstrate the clinical capabilities, treatment effects
and the expected duration of treatment when using the
MARA, therefore creating awareness of the MARA as
a treatment alternative to other functional appliances
designed for correction of Class Il malocclusions.

Methods

A retrospective study exploring the anteroposterior di-
mensional changes in the maxilla and mandible brought
about by the MARA and the associated treatment time.
The samples were the first three cases treated by a
clinician inexperienced with the clinical application of
the MARA and served as an ideal introduction to the
treatment technique.

Results

In this study mandibular growth stimulation and tem-
poromandibular joint remodeling may have been the
main contributing factors in the resolution/improvement
of the Class Il malocclusions under treatment.

Conclusion

The MARA is a useful non-compliance appliance that
produces exceptional treatment results when applied
in combination with full fixed appliances. The changes
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observed were predominantly of a skeletal nature in the
anteroposterior dimension. Maxillary growth restriction
may also have played a role in the correction of these
treated Class Il abnormalities.
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INTRODUCTION

The idea of using a fixed functional appliance to stimu-
late mandibular growth was proposed by Angle and
others of his peers many years ago, but the materials to
make the concept an actuality in clinical practice were
lacking. The development of stronger adhesives over-
came this limitatation. The MARA was developed by
Dr. D Toll and modified in 1994 by Dr. James E Eckhart
to function as a fixed non-compliance appliance to
correct Class Il malocclusions.'?

The decision as to which is the most effective tech-
nique to use in the treatment of growing patients with
skeletal and dental Class Il malocclusions has long
been the source of considerable debate in the ortho-
dontic literature.® A scientific orthodontic study vyielding
insightful and meaningful results must ensure that the
individual/samples studied must be of the same clini-
cal and functional characteristics, age and gender.

Some widely utilized treatment techniques in the cor-
rection of Class Il malocclusions include:

« space creation by performing selective extractions
of teeth, especially upper first premolars, in order to
camouflage the Class Il malocclusion, or a reduction
in upper tooth size by enamel stripping, by palatal
expansion, utilization of the leeway space, or by
orthopedic manipulations of the mandible and maxilla
produced by headgear.

« functional appliance therapy together with full fixed
appliances.

« temporary anchorage devices (TAD’s) used in the
distalization of molars.

« orthognathic surgery.*

The lack of success with removable functional appliance
treatment has been attributed to a lack of patient
compliance and the inability to control the amount
and direction of mandibular growth.®
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The MARA is a fixed functional appliance that elimi-
nates the compliance factor. It has the added advan-
tage of no inter-jaw restrictions, thereby allowing the
patient to open his/her mouth unhindered in order to
function normally. This device can be used in combi-
nation with full fixed appliances while skeletal correction
is being achieved.

Although the MARA has been accepted as an effective
non-compliance solution, it is not widely used as a
functional non-extraction method of treatment of Class
Il malocclusions for various reasons. In one study, it
was reported that the MARA was used clinically by
only 5,8% of the orthodontists comprising the sample.®

The possibility of extra cost could play a role as well
as operator and/or patient considerations with regards
to handling/placement difficulties and the perceived
longer chair time.

The aim of this study is to illustrate the MARA’s clinical
proficiencies, treatment effects and advantages by pre-
senting three Class Il cases, all selected and treated by
the same operator.

The relatively uncomplicated nature of these cases was
considered to make them an excellent introduction to
the MARA as a supplementary treatment technique.
The information gathered from the treatments may
support the increased utilization of the MARA in the
clinical orthodontic environment.

Description of the MARA

The MARA is a unique noncompliance Class Il correc-
tor that does not directly connect the maxillary and
mandibular arches. It advances the mandible so that
the patient functions in a new protrusive position.

It is claimed that this forced protrusive mandibular posi-
tion stimulates bone remodeling and, if the patient is
treated during the pubertal growth spurt, may result in
the correction of the Class Il malocclusion.

The MARA basically has six immoveable parts, inclu-
ding the transpalatal arch, that are manufactured and
assembled as two separate units, fixed to the maxillary
and mandibular first permanent molars respectively.

Stainless steel crowns are placed on the maxillary and
mandibular first molar teeth. Ideally, a palatal bar can
join the maxillary crowns, but it is not mandatory. In the
mandible the crowns are joined by a rigid lingual arch
that can be supported by bonded occlusal rests on
the first premolars should clinical circumstances neces-
sitate this.

The maxillary first molar stainless steel crown supports
a large .062"x.062" square tube on its buccal aspect,
into which slides a .060"x.060" removable square
elbow, the position of which can be varied antero-
posteriorly by the placement of spacers which are avai-
lable in 1, 2, 3 and 4 mm lengths. The vertical arm of
the elbow extends occlusally about 10cms from the
first maxillary molar and is then bent distally (Figure 1).

Figure 1. Components of the MARA.

Image Source: Components of the MARA, Tsibel G
(http://www.getyourbraces.com/)
Accessed on 27.08.14

Figure 2. MARA trying to occlude in Class Il.

Image Source: MARA in situ. 2007, Julie’ D
(http://www.ortho-concept.com/mara)
Accessed on 27.08.14

Figure 3.Trying to occlude in Class Il.
Image Source: Courtesy J. Eckhart.

Figure 4.Closed into Class I.
Image Source: Courtesy J. Eckhart.

To the mandibular first molar stainless steel crown is
fixed a recurved rectangular wire arm that extends buc-
cally about 5mms from the mesial aspect. This could
be called the lower arm or shoulder 6 (Figure 1).

During attempted jaw closure into the habitual Class I
relationship, the inferior horizontal leg of the maxillary
elbow contacts the mandibular arm, preventing functio-
nal occlusion in a retrusive position (Figures 2 and 3).

The Class |l patient is therefore obliged to protrude the
mandible until the lower arm is anterior to the vertical
leg of the maxillary elbow component of the MARA,
when closure into a forced protrusive position Class |
position is possible (Figure 4).

The inferior horizontal leg of the upper elbow projects
distally and prevents the patient from occluding into
a Class Il (Figure 3). Thus the TMJ is placed under
constant strain similar to that caused by for example
the Herbst appliance.®

Advantages of the MARA

The MARA has several advantages over the other noncom-
pliance Class Il appliances. These include:
« uncomplicated design — no inter-maxillary and mandibular
connections. Sturdy and break resistant;
« aesthetically pleasing — no extra-oral headgear (decreased
visibility);
« simple hygienic maintenance resulting in less oral mucosal
infection/irritation;
« mandibular mobility is maintained - less functional
movement impairment;
« fewer anchorage points resulting in less side-effects.’
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Side-effects and possible solutions

The MARA is not without drawbacks. The treatment effects
of the MARA in post-pubertal patients are limited due to
lessened available mandibular growth.®

Side effects may involve:

Mobility of the mandibular first molars

Mobility of the lower first molars is caused when
the upper elbows of the MARA contact the lower
posterior aspect of the mandibular arms as the
patient functions in the newly advanced position of
the mandible.® The solution to this side-effect is to
simply place full fixed appliances and/or MARA occlusal
rests on the mandibular first premolars during treat-
ment to ensure stability.®

Increased space between the mandibular

anterior teeth

Spacing of the mandibular anterior teeth may occur
in patients treated with a MARA incorporating a lin-
gual arch. The mandibular first molars may move
forward (due to the maxillary elbows pushing on the
back surface of the mandibular arms), the lingual arch
will contact the posterior surfaces of the mandibular
anterior teeth, causing anterior tipping and a flaring.

The solution to this complication is including occlusal
rests which are bonded to the occlusal surfaces of
the premolars and second molars thereby resisting
mesial forces. Full bonding and selection of the correct
negative torque (-6 degrees) for the lower incisors will
provide more resistance to labial tipping.®

Distal tipping and intrusion of the maxillary
first molars together with possible extrusion or
distal tipping of the maxillary second molars as both
molars tip distally around their centroids (Figure 5).

Figure 5. Distal tipping of molars.

When the MARA results in mandibular protrusion,
the maxillary molars receive a distal force. This could
cause distal tipping and intrusion of the maxillary first
molar teeth. A simple solution would be to add a
rest onto the occlusal surface of the maxillary second
molar, extending distally from the first molar crown.

This will prevent extrusion of the second maxillary
molars and intrusion as well as distal tipping of the
maxillary first molars.® Another aid to prevent distal
tipping of the maxillary first molar is a transpalatal arch.

CASE REPORT <563

Class Il relapse may also be a point of concern.
It has been suggested that an adult patient treated with
a MARA would have greater tendency to relapse than
a child who has undergone the same treatment, as the
correction in adults is mostly of a dento-alveolar nature.

Adults have larger muscle forces than children and
this may result in a greater possibility for relapse if the
apparent correction was partially due to temporary for-
ward posturing of the mandible. If relapse is suspec-
ted, overcorrecting of the Class Il malocclusion may
be successful.®

In order to avoid distal tipping or dento-alveolar
movement of the upper molar, the arch wire of the
fixed orthodontic appliance should be cinched back
behind the first molar. In cases where dento-alveo-
lar movement is desired, as is needed in some adult
cases, this is not done.

MATERIALS AND METHODS

This is a retrospective study of cephalometric and
panoramic radiographs, study models and photo-
graphs of three adolescent male patients that presen-
ted with Class Il malocclusions and were treated with
the MARA.

The study aimed to determine the antero-posterior
dentoskeletal treatment effects which were achieved
and the respective durations of treatment. The cases
selected were the first three such cases treated by the
operator. They were deemed to be a suitable intro-
duction to the use and clinical capabilities of the MARA.

All three cases were adolescent Caucasoid males with
an average age of 16.7 years at the commencement
of treatment. According to Proffit et al., the adolescent
growth spurt in boys usually occurs between years
11-16 with the related physical changes peaking at
around 14 years of age.*

Although the three patients were nearing the end of
their adolescent growth spurt, it was determined that
enough growth was still to be completed to war-
rant the use of the MARA.

The subjects received full arch fixed appliances con-
current with the MARA. One of the subjects presented
a Class Il division 2 in whom a lingual fixed appliance
was placed in the maxilla.

Total treatment time (Table 2) referring to the duration
of active treatment from the placement to removal dates
of the full fixed appliances was as follows: patient 1 with
a total treatment time of +£37 months (1109 days).

Treatment time for patient 2 from beginning to end was
+20 months (603 days). Treatment time for patient 3 was
+27months (817 days).

The MARA treatment time (Table 2) for patient 1 was
+14 months (514 days), that for patient 2 was approxi-
mately =11 months (343 days). Patient 3 had a MARA
treatment time of +13 months (406 days).
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RESULTS

The two main criteria that were analyzed in this study

were:

« The cephalometric measurements important in diag-
nosis and assessment of Class Il malocclusions.

« Treatment time referring to total treatment time in-
cluding the initial placement and removal of full
fixed appliances, and time under treatment with
the MARA.

The following antero-posterior cephalometric and verti-
cal relationships (Table 1) were utilized in illustrating
the treatment effects of the MARA on the three cases:

DISCUSSION

Treatment effects of the MARA

The pubertal growth spurt, according to literature and
previous clinical studies,* is the most ideal time to treat
Class Il malocclusions resulting from mandibular defi-
ciencies, because the growth of the jaw of the patient
could be utilized and manipulated.®

The MARA produces several clinical changes which can
be measured post operatively through clinical, radio-
graphic and study model analysis.

Some of the changes observed in this study included
a small degree of restriction of maxillary growth, the
mesial movement of mandibular molars, pre-molars and
incisors and the distalization of maxillary molars and
premolars — the so-called “head gear effect”. The glenoid
fossa and mandibular condyles may also undergo
remodeling as the mandibular condyles rest in their
newly advanced position on the articular eminence
of the temporal bone.® Proffit et al. state that the
remodeling is facilitated by two phenomena; the redu-
ced pressure on the condylar tissues accompanied by
a change in the muscle tension acting on the condyle.*

Mandibular changes

The results showed a significant change in the SNB,
with an average increase of 3,33° in this value. The se-
cond mandibular value that is of clinical importance is
the cranial base to chin point relationship or facial
angle (FH/N-Pog). The cephalometric analysis re-
vealed an average increase of 1°, indicating some
anterior movement of the chin.

The third value indicating notable mandibular growth
in the three patients evaluated is the measurement of
the distance (in milimeters) between Pt-point to A-point
and Pt-point to B-point respectively. Pt-point (Pterygoid
fissure) is considered a stable reference point from
which the measurements were taken. The before-and-
after treatment values of Pt-point to B-point revealed
that there was an average increase of approximately
5,33 mm, indicating significant horizontal/forward growth
of the mandible while under treatment with the MARA.

Maxillary growth expressed as the difference in the
before-and-after values of Pt-point to A-point was an
average of 2,33mm. The resultant treatment effect of
the MARA is therefore interpreted as being a relative
3mm mandibular advancement (Pt-point to B-point
average — Pt-point to A-point average).

Finally, an average reduction of 4° and 6° of the Tweed
angle and 1 to NB angle respectively, together with
reductions in the linear distance of the lower incisors
to NB, is a clear indication of mandibular advancement
and mandibular incisor inclination correction toward a
more favourable Class | occlusion.

Table 2. The total treatment times and MARA treatment times.

Patient 1 Patient 2 Patient 3
Total Treatment Time 37 20 27
(Months)
MARA Treatment Time 14 11 13
(Months)

Table 1. Cephalometric values.

Patient 1 Patient 2 Patient 3

Before After Before After Before After
SNA 95 92 84 83 81 84
SNB 84 87 78 80 77 82
ANB 1 5 6 3 4 2
WITS 8 2 6 4 5 2
Y-axis 59 58 67 67 67 62
Facial Angle 90 91 86 85 90 93
Tweed Angle 104 99 106 100 104 103
1 to APO 0mm 1mm -3mm -2mm 2mm 0mm
1to NA 8 14 3 22 24 30
TtoNB 33 27 29 20 26 23
FH: GoGn 21 17 18 17 16 12
GoGn: SN 26 21 26 22 26 20
Mandibular growth Pt point to A-point Pt point to A-point Pt point to A-point
in mm from

Pt-point to A&B
points respectively.

72mm 75mm
Pt point to B-point

72mm 75 mm
Pt point to B-point

68 mm 69 mm
Pt point to B-point

88 mm 95mm 92 mm 97 mm 88 mm 92mm
Mandibular growth Sella to A-point Sella to A-point Sella to A-point
;n T:Bfrorp tse“a 105 104 100 101 92 92
(o] oints
respecti\?el;/. Sella to B-point Sella to B-point Sella to B-point
119 132 120 132 112 118
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Patient 1: Before treatment.

Figure 6A. Figure 6B. Figure 6C.

Patient 1: During treatment.

Figure 6E.

Figure 6G.

Patient 1: Treatment completed.

Figure 6l. Figure 6J. Figure 6K.

Patient 1: Facial profile before and after treatment:

Figure 6L. Figure 6M. Note the improvement
in the nasio-labial angle.
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Appliance-induced mandibular advancement resulting
in possible mandibular remodeling with subsequent
anteriorly directed growth produces an improvement
of the Class Il malocclusion. Al-Jewair, Preston, Moll &
Dischinger' found comparable results.

Maxillary changes

In this study, a change was also noted in the SNA
value, with an average reduction of 0,33° which is in
accordance with the observations made during other
investigations. These results indicate some maxillary
growth restriction through the headgear effect produced
by the MARA.

Notable intrusion of the first maxillary molars was ob-
served on removal of the MARA. Occlusal and masti-
catory forces acting on the stainless steel crowns that
were placed on these teeth to facilitate anchorage of
the device, are responsible for this intrusion. The amount
of first molar intrusion also depends on how much the
bite is opened after the cementation of the stainless
steel crowns. Apparent extrusion of the maxillary se-
cond molars was also noted, most probably due to
the tip back on the upper first and second molars.

Maxillary-Mandibular changes

The average change obtained in the ANB angle was
a reduction of 3,66° resulting from mandibular ante-
rior repositioning in combination with maxillary growth
restriction, producing improvement of the Class Il
malocclusion.

An average reduction of 3,66mm in the WITS value
was observed after treatment with the MARA. The re-
duction in the WITS value further indicates a signifi-
cant improvement of the Class Il malocclusion in the
treated patients.

The correction of the Class Il malocclusions was achie-
ved by several factors of which mandibular growth is
the most significant. Other factors include the dista-
lization and intrusion of the maxillary first and second
molars together with the mesial movement of the man-
dibular molars and labial tipping of the lower incisors
as well as the headgear effect on the maxilla as
a whole.

The changes observed were mostly in the antero-
posterior dimension with the vertical alterations being
less significant.

Growth direction

Although the Y-axis relationship is viewed with reserva-
tion (due to S and SN variability), it was found that the
pre-treatment values were relatively normal.

Post-treatment values however showed that there
was an average decrease of 2° of this value, indicating
a slightly more horizontal pattern of growth which
is consistent with mandibular advancement and clos-
ing rotation of the chin, contributing to the resolu-
tion of the Class Il malocclusions.

Pre-treatment
Post-treatment

Figure 7A. Superimposition of cephalometric radiographs at
Pterygoid fissure (Pt) showing the pre-treatment situation
and the total post retention status (10 years later) obtained in
case 1.

| \
s e

Post-retention )',l'
Immediate post-treatment

Figure 7B. Superimposition of cephalometric radiographs
at Pt-point showing long-term treatment stability obtained in
case 1 (x7 years following post retention). No relapse to a
Class Il malocclusion had occurred following MARA treatment.

Treatment times

The average total treatment time of the three cases
was 28 months, while the average MARA treatment
time was 12,7 months. The prolonged treatment times
as seen with the first of the above three cases can be
ascribed to the relative inexperience of the operator
with the handling of the MARA, a conservative amount
of appliance activation leading to longer treatment
times and patients not necessarily complying with
appointment times/schedules.

The accepted time span for the treatment of a
Class Il malocclusion with a fixed functional appli-
ance like the MARA may vary from each individual
case but usually ranges from 6-8 months.*
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Patient 2: Before treatment.

Figure 8A. Figure 8B. Figure 8C.

Patient 2: During treatment.

Figure 8D. Figure 8E. Figure 8F.

Figure 8G. Figure 8H.

Patient 2: Treatment completed.

Figure 8I. Figure 8J. Figure 8K.

Patient 2: Facial profile before and after treatment:

Figure 8L. Figure 8M.
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Below is a compilation of intra-oral and facial profile
images taken prior to, during and after treatment show-
ing the MARA in combination with full fixed appliances.
Correction or improvement of the Class Il defect is
clearly visible in all three cases (Patient 1: Figure
6a-m, Patient 2: Figure 8a-k & Patient 3: Figure 10 a-j).

Superimposition of three cephalometric radiographs
with reference point at the pterygoid fissure (Pt point)
was done. The treatment stages include pre-treatment,
directly following treatment and several years after
completion of orthodontic treatment.

The images show significant clinical and skeletal im-
provement of the Class Il malocclusions, with the se-
cond superimposition demonstrates the post treatment
stages to long-term stability of the changes obtained
with the MARA (Figures 7a&b, 9a&b and 11a&b).

The black tracing corresponds with the pre-treatment
findings, the blue tracing demonstrates the results im-
mediately following treatment and the red tracing a
few years after treatment was completed.

CONCLUSION

The MARA is an effective fixed non-compliance appli-
ance that works well in conjunction with full fixed ap-
pliances in the treatment of Class Il malocclusions
as demonstrated in the three cases reported in this
study Treatment time is predictable as seen in the
three cases.

The time required during the placement and removal of
the MARA is more than compensated by the shorter and
fewer follow up visits involved. No or very little patient
motivation is necessary.

In the three reviewed cases a favourable facial profile
was achieved with the nasolabial angle more desirable
than that which would have been obtained with selec-
tive extractions and extra-oral traction.

The three subjects presented here may be regarded as
uncomplicated cases. Experience over many years in
the treatment of several MARA cases with the MARA
has shown that more difficult cases can indeed be
treated; often with unexpectedly favourable results.

In many of these instances the general consensus
would probably have been that orthognathic surgery
would be the treatment of choice.

Although orthognathic surgery is integral to the treat-
ment of severe Class Il malocclusions, the MARA may
be seen as a possible alternative to certain surgical
interventions, being especially useful in cases where
the patient refuses surgery as a treatment option.

There will of course always be indications and contra-
indications for using the MARA and no claims may
be made that treatment with the appliance will routinely
eliminate the need for surgery in a major percentage
of those patients who would otherwise be treated
with surgery.
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Pre-treatment
Post-treatment

Figure 9A. Superimposition of cephalometric radiographs at
Pt-showing the pre-treatment situation and the total post re-
tention changes (5 years later) obtained in case 2.

Post-retention o
Immediate post-treatment

Figure 9B. Superimposition of cephalometric radiographs at
Pt-point showing long-term treatment stability obtained in case
2 (£3 years following post retention). No relapse to a Class Il
malocclusion occurred following MARA treatment.

As always, proper diagnosis, sound judgment as well
as full informed consent are important and the clinician
should be careful not to create the impression that all
surgery could or should be avoided.
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Patient 3: Before treatment.

—

.
Figure 10A. Figure 10B. Figure 10C.

Patient 3: During treatment.

Figure 10D. " Figure 10E.

Patient 3: Treatment completed.

Figure 10F. Figure 10G. Figure 10H.

Patient 3: Facial profile before and after treatment:

Figure 10l. Figure 10J.
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Pre-treatment
Post-treatment

Figure 11A. Superimposition of cephalometric radiographs at
Pt-showing the pre-treatment situation and the total post
retention changes (5 years later) obtained in case 3.

Post-retention
Immediate post-treatment

Figure 11B. Superimposition of cephalometric radiographs at
Pt-point showing long-term treatment stability obtained in case
3 (£2 years following post retention). No relapse to a Class Il
malocclusion occurred following MARA treatment.
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