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Abstract

Dental Cavities have been labeled as a silent “epidemic” as they are among the most prevalent and
chronic diseases in children and adults in the US [1]. Approximately 175 million people receive at least
one dental filling every year [2] and about 27% of adults ( 20 - 64 years of age) fail to receive any proper
treatment for their tooth decay [3]. The implications of untreated decay could lead to severe pain, tooth
abscess, or even tooth loss [4]. As dental fillings are the most commonly performed procedure to restore
moderate cavities, it is critical that the procedure is optimized to save dentists and patients time and
simultaneously preserve accuracy. Current matrix bands, such as the Sectional and Toffelmeier bands, are
effective in maintaining a tight and flossable tooth contact and providing a sturdy tooth contour, however,
they fail to accommodate the concurrent restoration of two adjacent interproximal cavities. Our goal is to
create a dual-matrix band system which can provide a sturdy contour for two adjacent teeth undergoing
restoration and maintain a tight and flossable contact between them. Our solution will incorporate the
general appearance and material basis of the Tofflemire matrix band, however, we will redesign it to
accommodate two teeth at a time and account for proper contact between the teeth. The viability of the
device will be determined proceeding a series of functionality tests conducted on model teeth. The results
of the functionality assessments will either determine any further adjustments to be made to the matrix
band or confirm the device’s ability to give support to adjacent teeth undergoing repair, maintain a tight

and flossable tooth contact, and reduce the procedure time.
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I. Introduction

Through the course of the next two semesters, we intend to create a dual-band matrix tool
which may alleviate the tedium of installing individual matrix bands on adjacent teeth
undergoing restoration. This device will be used by our client, Dr. Donald Tipple, to optimize the
amount of time it takes to complete a restorative procedure and reduce patient discomfort.

Tooth decay is a very common and painful experience approximately 91% of adults 20 -
64 years of age suffered from in 2011-2012[5]. In addition, dental caries, also known as cavities,
are the most prevalent disease that affects both children and adults[6]. The rise in dental caries
has been labeled as a “pandemic” of sorts to highlight the prevalence, severity, and sometimes
life-threatening, impact of tooth decay [7].

There are a plethora of methods to repair dental carries--which also depend on the
severity of the cavity--however, the most common method is dental restoration (or dental
fillings) [8]. As dental fillings serve as one of the primary means to repairing tooth decay, it is a
procedure dentists dedicate several hours a year to perform. Therefore, it is critical that dentists
can efficiently and effectively perform restorative procedures in order to tend to as many patients
possible. The process of filling a cavity varies in duration and complexity depending on the
severity and classification of the cavity, and class II cavities--cavities on the interproximal
surfaces of the premolars and molars [9]-- prove to be very challenging to restore because of the
need to maintain a tight contact and maintain the tooth contour[10]. Matrix bands are meant to
assist dentists by providing a contrours to follow when filling the decayed tooth, and when used
with tooth wedges (designed to increase the tooth contact gap), they are fairly accurate in
recreating a tight contact, however, matrix bands fail when dentists must perform dental filling
procedures on two adjacent class II cavities. Because matrix bands have a thickness which
exceeds the contact gap between the teeth and the tooth wedge is not capable of increasing the
tooth contact gap beyond the thickness of a single matrix band, dentists have no option but to

extend the total procedural time and perform restoration on one tooth at a time.



Existing Devices

Our client is well versed with the Tofflemire matrix band, which is a popular matrix band
used by dentists. The Toffelmier matrix band comes in a variety of thicknesses (ranging from
0.0015 - 0.002 in [11] which allows space for adjustment from patient to patient, it is very simple
for dentists to use in junction with a retainer (used to tighten and maintain the desired band
shape) and tooth wedges or rings( used to increase the contact gap between teeth), and it is very
inexpensive (approximately $10.00 for 100 bands [12]). The Toeffelmier band is also very
effective in maintaining tight tooth contact and providing adequate structural support when
forming the filling materials, however, it is not possible to place two bands adjacent to each other
when restoring two interproximal cavities. Our client has found this caveat to make some filling

procedures unnecessarily tedious and repetitive.
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Image 1: Image of a universal Tofflemire matrix bands unformed (left) and formed around the tooth in the standard
set up. The tooth wedge (used to increase the contact gap) and retainer (used to maintain the band shape)

are also depicted in the right image. [13][14]

The Sectional matrix band is another widely used alternative. The Sectional matrix functions to give form

to the restoration material and provide a tight contact, as the Toffelmier, however instead of encircling the entire



tooth, the Sectional matrix only supports the section of the tooth that is undergoing repair. It is more space efficient
than the toffelmier as it does not require a retainer to maintain its form around the tooth (the Sectional matrix
requires a more compact tooth ring to keep it sturdy instead). Similar to the Toffelmeier matrix band, the Sectional
matrix band varies in sizes to better accommodate the patients tooth morphology, it is also exceptional in
maintaining tight tooth contact, although it is more expensive in contrast to the Toffelmeier band (approximately

upwards of $60.00 for 100 pieces[15]).

Image 2: Image of Sectional Matrix Band unformed (left) and in the typical procedural set up (right). The tooth ring
(used to keep the band formed around the affected area and increase the tooth contact gap ) is also depicted in the

right image. [15][16]

Problem Statement

Matrix bands are a commonly used dental tool which assist dentists by providing a wall to
maintain a tooth’s structure and shape during restorative procedures, such as cavity fillings[17].During
typical filling procedures--particularly filling cavities on interproximal surfaces--dentists must fill one
tooth at a time since matrix bands cannot be placed adjacent to one another, as the thickness of two bands
exceeds the aperture diameter between the teeth. The resulting process of placing matrix bands for both
teeth is cumbersome and time inefficient. The proposed design should alleviate the need to repeatedly
place bands by employing a dual band system which is thin enough to securely and comfortably fit in
between the affected teeth and able to simultaneously fit the appropriate convex/concave contour of each
tooth. The finalized product should also maintain the tensile strength, malleability, and space efficiency

of current matrix bands.



II. Background

Design Specifications

Our Client, Dr. Donald Tipple, is a dentist at Nakoma Dental. He has requested that we
create a dual matrix-band which can provide a contour and support for the filling materials for
adjacent teeth undergoing restoration. The client’s primary request was that the device be
constructed from non-toxic materials, and the device mechanism should encourage a tight but
flossable contact between the affected teeth. In addition, the device should be equally or less
costly to manufacture than current matrix bands, and the device should not be obstructive or
clash with other tools to be used (rotary instruments, mirrors, forceps, suction etc.). Lastly, the

band material should be thin and have high tensile strength.

Relevant Oral Physiology and Biology

In order to re-create a matrix band which allows dentists to work on two teeth at a time,
it was necessary to gain a better understanding of tooth anatomy, nature of tooth decay and the
process of restoring a compromised tooth. Teeth are composed of four dental tissues--enamel,
dentin, cementum (hard tissues), and pulp (soft tissue)[18]. The development of a cavity occurs
when the bacteria residing on the surface of the tooth (plaque) produces an acidic byproduct
which weakens and softens the enamel layer (the hard exterior of the tooth) over time [18]. Once
the bacteria penetrates the enamel layer, the softer layers underneath are susceptible to rapid
degeneration as decay advances. At the stage of enamel penetration, dental fillings are typically
the appropriate treatment method [19], however, more severe cavities may warrant root canals,

crowns, or even removal [8].
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Figure 3: Labeled anatomical structure of a standard normal (left) and decayed tooth (right)
[20][21]

Furthermore, cavities are classified by their location on the tooth. For instance, a class II cavity is
one that is located on the interproximal surface of the premolar and molar interface [22]. This is a very
common location for cavities to develop, due to the difficulty to properly clean in between the teeth, and
it is also difficult to restore, as maintaining the appropriate tooth contact tightness may be challenging.
The location and severity of a cavity dictate the method of treatment, however, moderate class II cavities
typically require a dental filling to repair. Dental restorations are comprised of several steps: first, the
decayed portion of the tooth is drilled away; second, the matrix band is fitted to form the tooth contour;
third, either amalgam (metal alloy filling ) or composite resin (tooth colored filling) is placed in the newly
drilled hole and either formed and packed into place or formed and harded via photo-polymerization
(respectively); lastly, the filling is polished and assessed to fit securely and properly[23].
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Figure 4: Process of restoring a decayed tooth with composite resin material



III. Preliminary Designs

Design 1: The Butterfly

Figure 5: Sketch of the “butterfly” design. The crosshatched area is where the filling would need to be
placed.

The butterfly consists of one matrix band that has two sections on either side of it that peel apart. These
two sections can be contoured around the adjacent teeth on both sides making it possible to do two fillings
at once. The peel feature also allows you to adjust the band size in order to accurately fit the patient’s
teeth. The part of the band that stays between the teeth would be permanently stuck together to give more
stability. This part would also only be the thickness of one band to give a better contact between the teeth
after filling. There would also be a wedge inserted between the teeth to give more separation during the
procedure, which allows for the spring back to happen once the wedge is removed, which also promotes
close contact between the teeth. The two ends would be two bands thick, but once peeled apart they
would be the thickness of bands used today, which would allow for increased stability around the adjacent
teeth. With this design you could either use a retainer or a Palodent ring to hold the band in place.



Design 2: The DoubleHug (Doug)

Figure 6: Model of the Doug design showing a top and side view. The blue portion is the wedge, the
bands are in silver, and the teeth are white.

The Doug consists of a similar mechanism to the current model, but rather than one tightening system on
one band, its two separate tightening mechanisms on two independent bands within the same device. This
device is promising as it is simply making the current model function as two, without the ergonomic
complications of two separate devices. The sole issue at hand with this model is that the width of two
matrix bands during the filling process makes the junction between the teeth too weak once the fillings are
complete, so we are researching methods, including material adjustments, to thin out the bands and allow
for a tighter fit post-filling.
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Design 3: The Potato Wedge

Figure 7: Sketch of the potato wedge design showing all views. The dotted lines are where the
bands would be placed.

This design closely resembles the Insert Palodent® plus wedge guard, however, the Potato Wedge
incorporates slit inserts on the sides where matrix bands may be inserted and shaped to the respective
curvature of the adjacent teeth. The premise of this design is to incorporate a mechanism which ensures
the secure placement of two bands for each tooth while maintaining the natural spacing. Ideally, the
wedge may be easily slid into place between the two teeth undergoing restoration (as a typical wedge
currently on the market would), and the bands can easily slide into place between the teeth. This design is
also promising as sectional bands have shown to have better contact post filling over circumferential
bands. [24]



11

IV. Preliminary Design Evaluation

Design Matrix

The Butterfly! @@ (Doug) DoubleHug The Potato
e | Wedge@

Safety (30)

Effectiveness (20)

Cost (20)

Adjustability (15)

Patient Comfort (10)

Ergonomics (5)

Total 81 95 67

Table I: The six design criteria on the far-most left column were evaluated for each preliminary design. Each
design was given a number score out of 5 for each category. Finally, each design’s ratings were totaled to determine
which design was best. Dark green shaded blocks indicate the highest ranking in each category.

Safety

Safety was ranked as our highest category, as ensuring the wellbeing of the patient is of utmost priority
and importance. This involves having bioinert, nontoxic materials in our design, as well as ensuring there
are no cutting edges that could possibly harm the patient. The Doug design was ranked highest in this
category due to the assurances given since this is a modification of the current design in use today.

Effectiveness

Effectiveness is ranked next on our list, as the function of the device is crucially important. If the device
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doesn’t function at least as well as the current design in terms of both quality and time, then the device is
useless. This describes how well the teeth can be filled, as well as how close the teeth are to each other
post-filling. The Doug design also ranked highest in this category, as it can function exactly the same as
the current design in use, just twice as fast.

Cost

Cost is ranked equally with effectiveness, as if the design we are making isn’t at least the same price as
the model in use today, then there is no point in using it. The potato wedge was the lowest of the three, as
it would require purchasing or modeling of a separate rubber material, something in which the other two
designs do not require, and the butterfly requires some manipulation of matrix bands which would
possibly eat through more cost.

Adjustability

Adjustability was ranked next, and this describes the ability for the device to be manipulated to function
on different sized and shaped teeth, all while maintaining function. The Doug won this category as it
allowed for both bands to be adjusted during use, whereas the potato wedge and butterfly would be much
harder to adjust during, or slightly prior to insertion.

Patient comfort

This describes how unpleasant the operation would be for the patient, and the Potato Wedge won this
category as it is the smallest design, keeping the patient from possibly gagging and having a terrible
experience.

Ergonomics

This describes the ease-of-use for the dentist themselves, and all scored fairly well, but the Doug lost a
point as the double articulation might be slightly cumbersome during the operation, while the other two
have no arms reaching from the filling site.
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V. Proposed Final Design: Doug

Figure 8: Repeated image of the Doug design.

The Team has decided to continue with the Doug design, as the assurance of functionality is a comfort,
and the modifications that must be made to increase efficiency seem achievable. This design is the
simplest design created, as it incorporates a lot of the current design aspects and only includes a thinner
band and bigger retainer.

VI. Fabrication/Development Process

Materials:

The Doug uses a lot of concepts from current devices, which means that the materials needed would
likely be very similar. The wedge and retainer used would just need to be updated to fit between the
matrix bands and allow for double the space in the tightening mechanism, respectively. The matrix band
is currently made of stainless steel [25], but the Doug would require a metal or material that is thinner but
still as strong as stainless steel in order to fit between the teeth without compromising proximal contact.

Methods:

Fabrication should start with determining the desired thickness of the double-sided band. Once this
thickness is decided, the retainer can be made. Either a current retainer will be used if possible or one will
be fabricated to fit the desired thickness. Different materials will be tested to see if they would be viable.
This would be determined by its biocompatibility, thickness, and strength. Once a material was selected,
the whole band would be tested on model teeth by the team members along with the client.
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Testing

A lot of critique and analysis of the design will be qualitative, since prior to clinical testing, the design

will be rated based on if it will be feasible. This means that before most quantitative tests are done, the

design must be able to properly fit around and between two teeth with a wedge, hold up to light pressure

on the sides, and fit in the retainer. Once these criteria are met, other testing will need to be done. In order

to quantitatively measure this, bending tests, compressive tests, and biocompatibility tests would need to

be completed. More tests might be required as the design progresses. Bending tests would give a value for

the ductility of the material, which is important as it must be able to get contoured around the tooth
without losing its shape. Compressive testing should be done to see if the band will withstand the
compressive forces put on it during the procedure. Finally, biocompatibility testing is of high importance

as the material cannot be used if it is not biocompatible.

VII.
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VIII. Appendix

Product Design Specifications (PDS)

Function:

Matrix bands are a commonly used dental tool which assist dentists by providing a wall to maintain a
tooth’s structure and shape during restorative procedures, such as cavity fillings[1].During typical
filling procedures--particularly filling cavities on interproximal surfaces--dentists must fill one tooth
at a time since matrix bands cannot be placed adjacent to one another, as the thickness of two bands
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exceeds the aperture diameter between the teeth. The resulting process of placing matrix bands for
both teeth is cumbersome and time inefficient. The proposed design should alleviate the need to
repeatedly place bands by employing a dual band system which is thin enough to securely and
comfortably fit in between the affected teeth and able to simultaneously fit the appropriate
convex/concave contour of each tooth. The finalized product should also maintain the tensile
strength, malleability, and space efficiency of current matrix bands.

Client Requirements

1. Function Importance (as ranked by the client)

a. Device must be able to securely fit to the convex/concave contour of 2 adjacent teeth
undergoing restoration

b. Device should be equivalent or less costly to manufacture as compared to existing
matrix bands

c. Device must remain inert in the presence of filling materials (amalgam, ceramic,
composite etc.)

d. Device should not be obstructive or clash with other tools to be used (rotary
instruments, mirrors, forceps, suction etc.)

e. Device material must be non-toxic

f. Device should be thin and have high tensile strength

Design Requirements

1. Physical and Operational Characteristics
a. Performance requirement
1. Must include some mechanism to maintain adequate separation between
teeth being filled (the appropriate spacing is to be determined)
ii.  The device must include some fence-like feature which is capable of fitting
both concave and convex curvature of the adjacent teeth undergoing repair
iii.  Device material must be malleable and able to easily bend to shape
according to the tooth’s contour
iv.  Device material must be thin enough (dimensions to be determined) to be
secured between the adjacent teeth, and it must have a high
tensile/compressive strength(force to be determined) to withstand
manipulation
b. Safety
i.  This device must adhere to safety standards/ regulations (if any) specified by the
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FDA as a class I device[2]

Labelling should include instruction for proper installation and handling to avoid
harm to the patient and ensure sterility

Warnings should discourage use of the device if sterilized packaging has been
tampered or if the device appears damaged

Device should be handled with the appropriate tools (i.e. forceps, cotton pliers
etc.[3])

Accuracy and Reliability:

The band matrix should range in thicknesses of 0.0254 mm to 0.0508 mm
(approximately the thicknesses of the commonly used universal Tofflemire
Matrix Bands[4])

Life in Service:

L

11.

The device must maintain its structural integrity and form throughout
the duration of a standard filling procedure (approximately 1 hour [5])
This device is intended for single use

Shelf Life:

1.

11.

1.

The device must should stable and sterilized, if left in its original
sterilized packaging, for an indefinite amount of time

If device packaging is compromised, it is no longer fit for use and
should be disposed in the appropriate sharps collection container
Must be stored in dry, temperate conditions.

Operating Conditions:

1.

ii.

The device should maintain structural integrity within the span of
ambient and body temperature, from 20°C to 37°C.

The device should be able to withstand high humidity and moisture
levels for the span of time in which it is in use, in the patient's mouth.

Ergonomics

L.

Size
1.

ii.

1i1.

The device should not be more difficult to use than the current retainer
and band method, preferably a similar system.

The device must be thin enough to fit between two separate teeth in a
patient’s oral cavity

The device must have variable matrix height to account for different
teeth within the mouth, as well as different patients

The device must be small enough to maintain maneuverability within
the oral cavity, as to make the application of the band, and
subsequently the filling, easier.

J. Materials: The current device is being made with stainless steel or aluminum. This material
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the bands would be made of would most likely be some form of strong metal to be a rigid wall
and resist deformation.

k. Aesthetics, Appearance, and Finish: Aesthetics are not the biggest concern. It cannot be
covered in any material that would be considered toxic due to insertion of this device in the
mouth. The bands are typically made out of metal, and the device as a whole will be made of
mostly metal and plastic of no particular aesthetic and appearance.

2. Production
Characteristics

a. Quantity: This project requires only one unit of the device to be developed. In the end, many
of these devices will need to be created at a low cost in order to be used commonly or
commercially

b. Target Product Cost: The goal of this project is to keep the bands low cost
similarly to the cost of other bands. Currently bands can be purchased at a fairly
low cost, anywhere from .50 cents to one dollar per band. [6] The project's band
would most likely have to be around this cost. Additionally, in this projects past the
handle piece parts totaled around $300, so this cost can be the target for the reusable
handle piece.

3.
Miscellaneous

a. Standards and Specifications: This device will have direct contact with the patient, so
FDA approval is required. In the Code of Regulations Title 21, Chapter 1, Subchapter H,
and Part 872, the dental matrix band is mentioned as a Class I device. If the device
designed is made with the same materials as previously FDA approved matrix bands before
1976, then the device would be exempt from premarket notification processes 510(k).
However, if it was made with materials used in later devices, it would need to go through
that process, which requires a 90 day notice to the FDA before marketing the product [7].
Other FDA documents and steps would be required including the establishment
registration, listing the medical device to the FDA, obtaining an investigational device
exemption if doing clinical studies, a quality system regulation, following labeling
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requirements, and reporting the medical device if necessary [8]

b. Customer: The two primary targets for this device would be dentists and dental supply
companies. Therefore, maintaining standards and outcompeting competition is especially
important. As the client is a dentist himself, the customer specifications are very similar to
the client specifications in that the device should decrease procedure time, improve
proximal contact, and correctly contour the tooth.

c. Patient-related concerns: As this device will come in contact with a patient’s oral cavity, it is
extremely important that the materials it is made of are non-toxic and provide no harm to the
patient. The device should also not provide discomfort, as getting the filling in itself will already
be uncomfortable. Since this will be a one-time use device, no sterilization of the band will be
needed. The retainer, however, will need to be sterilized if it is used on another patient. The
device should also not increase procedure time.

d. Competition: Although there are many similar devices on the market, they all don’t
allow for the filling of more than one tooth at a time. There are two devices that allow for
this, which is called the Triodent V3 Ring and the Triodent Wave-Wedge, which are both
used to separate adjacent teeth. While the device is in, matrix bands can be placed around
both teeth. Although this method does work in theory, the contact is not optimal. By using
two matrix bands between the teeth, the gap can be bigger than anticipated in both
methods [9].

Figure I: Using the Triodent to spread the adjacent teeth to place two separate matrix
strips. This allows for the filling of two adjacent teeth simultaneously [9].
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Figure 2: Using the Wave-Wedge from Triodent to separate the adjacent teeth during filling [9].
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