LESSON 1.1

Unit Analysis
CAREER SPOTLIGHT: Dental Laboratory Technician
Occupation Description
Dental laboratory technicians construct, fit, or repair crowns,
bridges, dentures, and other dental appliances.
In small laboratories and offices, technicians may handle
every phase of production. In larger ones, technicians may
be responsible for only one phase of production, such as
polishing, measuring, and testing.

Education
Dental laboratory technicians typically need a high school
diploma or equivalent. There are some postsecondary
programs in dental laboratory technology at community
colleges or technical or vocational schools. High school
students should take courses in science, human anatomy,
math, computer programming, and art.

Potential Employers
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The largest employers of dental laboratory technicians are
as follows:
Medical equipment and supplies manufacturing

76%

Healthcare and social assistance

17%

Self-employed

4%

Government

2%

Watch a video about dental laboratory technicians:
https://cdn.careeronestop.org/OccVids/OccupationVideos/519081.00.mp4
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Career Cluster
Manufacturing
Career Pathway
Production
Career Outlook
• Salary Projections:
Low-End Salary, $25,660
Median Salary, $41,340
High-End Salary, $65,820
• Jobs in 2018: 36,500
• Job Projections for 2028:
40,500 (increase of 11%)
Algebra Concepts
• Use units to understand
problems.
• Use units to guide solutions
to multi-step problems.
Is this a good career for me?
Dental laboratory technicians:
• Read work orders or other
instructions to determine
product specifications or
materials requirements.
• Apply parting agents or other
solutions to molds.
• Inspect medical or dental
assistive devices.
• Melt metal, plastic, or other
materials to prepare for
production.
• Mix ingredients to create
specific finishes.
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Lesson Objective
In this lesson, you will look at how the understanding of units and dimensions can help a
dental laboratory technician solve problems.
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Step Into the Career: Converting Units

A dental laboratory technician uses CAD (computer-aided
design) to create a virtual model of a tooth. The actual
width of the tooth is 9.15 millimeters. The image on the
screen measures exactly six times the measurements
made by the dentist. The technician will use the model
to create a mold for a crown made from a polymer.
Accounting for a 15% shrink in each dimension of the
crown during the baking process, what should the width
of the tooth mold be on the computer screen in inches?
Use 1 in. = 2.54 cm.

Devise a Plan
Step 1: Convert the actual width in millimeters to the width on screen in millimeters.
Step 2: Convert the width on screen in millimeters to a width in inches.
Step 3: Find the width on screen of the tooth mold in inches.

Walk Through the Solution
Step 1: Convert the actual width in millimeters to the width on screen in millimeters. Since the
width of the image on screen is six times the actual width, multiply by 6.
6 • 9.15 mm = 54.9 mm
Step 2: Convert the measurement on screen in millimeters to a measurement in inches. Use
the conversion factors 1 cm = 10 mm and 1 in. = 2.54 cm.

Step 3: Find the width of the tooth mold on screen in inches. Since there is 15% shrinkage,
the width of the tooth on screen is 85% of the width of the tooth mold on screen. This
means that the width of the tooth mold is the width of the tooth divided by 85%.
2.161 in.
85%

=

2.161 in.
0.85

≈ 2.5 in.

The width of the tooth mold on the computer screen should be about 2.5 inches.
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 1 cm   1 in. 
(54.9 mm)

 ≈ 2.161 in.
 10 mm  2.54 cm

On the Job: Apply Converting Units
1. A dental laboratory technician wants to try
two new polymers to make a tooth crown. The
actual width of the tooth is 8.26 millimeters.

8.26

a. The screen image measures exactly five
times the measurements made by the
dentist. What will the width of the tooth
model image be in millimeters on the
computer screen? Write an equation,
including units, to justify your answer.
b. What will the width of the tooth model image be in inches on the computer screen?
Write an equation, including units, to justify your answer.
c. The technician will use the model to create a mold for a crown. If the technician uses
a new polymer that only shrinks 12% in each dimension during the baking process,
what should the width of the tooth mold be in inches on the computer screen? Write
equations, including units, to justify your answer.
d. The second polymer that the technician wants to try only shrinks 4% in each dimension
while baking. What should the width of the tooth mold be in centimeters on the
computer screen? Write equations, including units, to justify your answer.
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Step Into the Career: Percent Change in Volume

Photo credit: Alex Mit/Shutterstock.com

A dental laboratory technician is preparing to build a crown for a
tooth. The actual width of the tooth is 8.15 millimeters. Its depth
is 6.05 millimeters. The height of the tooth is 9.08 millimeters.
The technician will use the model to create a mold for a crown
to be made from a polymer. When the mold is baked from this
polymer, there will be 15% of shrinkage in each dimension of
the crown.

6.05 mm
9.08 mm

8.15 mm

What dimensions should the technician make the mold before it
is baked? What will the percent of shrinkage of the volume be if
the length, width, and height each shrink by 15%?
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Devise a Plan
Step 1: Determine how to write equations to calculate the measurements of the mold from
the measurements of the patient’s tooth.
Step 2: Calculate the dimensions of the mold before it is baked.
Step 3: Calculate the percent of shrinkage of the volume.
Step 4: Check the answer to Step 3 by calculating the volumes from the mold before and after
it is baked. Then determine the percent of shrinkage, and compare the answer to your
answer in Step 3.

Walk Through the Solution
Step 1: Since the shrinking happens from the mold before it is baked, the measurements of
the patient’s tooth is 85% of the measurements of the mold before it is baked. The
measurements of the mold before it is baked is 100%. Write a proportion to relate the
percentages to the measurements.
Step 2: Write the proportions, and then cross-multiply to find each unknown measurement.
85

=

100
85

=

100
85

=

100

8.15 mm

x mm
6.05 mm

x mm
9.08 mm

x mm

; x = 8.15 mm ×

; x = 6.05 mm ×

; x = 9.08 mm ×

100
85
100
85
100
85

≈ 9.59 mm

≈ 7.12 mm

≈ 10.7 mm

Step 3: To calculate the percent of shrinkage of the volume, multiply the percent of shrinkage
for each dimension.

85
100

•

85
100

•

85
100

=

61,4125
1,000,000

≈ 0.61, or 61%

Step 4: Approximate the shape of the tooth as a rectangular prism. Use the formula
V = (length)(width)(height) to find the volume.
Vbefore = (9.59 mm)(7.12 mm)(10.7 mm) ≈ 731 mm3
Vafter = (8.15 mm)(6.05 mm)(9.08 mm) ≈ 448 mm3
The percent of shrinkage can be found by dividing the after volume by the before
volume.

Vafter
Vbefore

=

448
731

≈ 0.61, or 61%

The results from Steps 3 and 4 agree.
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On the Job: Apply Percent Change in Volume
2. A dental laboratory technician is studying
various polymers to make crowns. He is
studying their properties to find out which
ones work best and which ones will cost more
to use. Each dimension of Polymer A shrinks
by 4% when heated by irradiation. Each
dimension of Polymer B shrinks by 12%.

before irradiation

after irradiation

heating

a. What will the change in volume be for each one? Write equations to justify your answers.
b. Determine the amount of each polymer needed to produce 100 milliliters after heating is
applied. Write proportions, including units, to justify your answers.
c. If the polymer that shrinks 4% costs $58 per milliliter and the polymer that shrinks 12%
costs $38 per milliliter, which one costs less to produce 100 milliliters? Write equations,
including units, to justify your answers.
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Step Into the Career: Using Units in Proportions
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A dental laboratory technician is preparing dental
ceramic to make a crown. The technician uses prepared
powders to make the ceramic. Each powder contains
the ingredients kaolin and feldspar. The table shows the
percentage of each ingredient in the ceramic produced
by 100 grams of each powder. Dental ceramic should
be composed of 3–5% kaolin and 70–85% feldspar. If
the technician combines 70 grams of Powder A and
110 grams of Powder B, does the combined powder
meet the requirements to produce dental ceramic?
Assume that 100 grams of each powder produces the
same amount of ceramic.

Powder

Kaolin

Feldspar

A

8%

70%

B

2%

90%

Devise a Strategy
Ask and answer the following questions to determine whether combining 70 grams of Powder
A and 110 grams of Powder B can produce dental ceramic.
• What do you know and do not know?
You know the percentages of kaolin and feldspar that 100 grams of each powder can produce,
but you do not know how much dental ceramic is produced for 100 grams of each powder.
• How can you find out whether the combined powder meets the requirements?
You need to find the percentages of kaolin and feldspar produced by the combined powder.
• What can you conclude?
If the percentage of kaolin is between 3% and 5% and the percentage of feldspar is between
70% and 85%, then the combined powder meets the requirements.
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Walk Through the Solution
Step 1: Represent the amount of ceramic produced by 100 grams of each powder using a
variable since it is unknown. Then use the variable with proportions to represent the
amount produced by 70 grams of Powder A, the amount produced by 110 grams of
Powder B, and the total amount produced by the combined powder.
Let x represent the number of grams of ceramic produced by 100 grams of each
powder. Write out the units of measure to keep track.
The amount produced by 70 grams of Powder A is:

70 grams
100 grams

( x grams) = 0.7x grams

The amount produced by 110 grams of Powder B is:
110 grams
100 grams

( x grams) = 1.1x grams

The total amount produced by the combined powder is:
0.7x grams + 1.1x grams = 1.8x grams
Step 2: Represent the amount of kaolin produced by each powder and by the combined
powder.
Powder A: 8% of 0.7x grams = (0.08)(0.7x grams) = 0.056x grams
Powder B: 2% of 1.1x grams = (0.02)(1.1x grams) = 0.022x grams
Combined powder: 0.056x grams + 0.022x grams = 0.078x grams
Step 3: Represent the amount of feldspar produced by each powder.
Powder A: 70% of 0.7x grams = (0.7)(0.7x grams) = 0.49x grams
Powder B: 90% of 1.1x grams = (0.9)(1.1x grams) = 0.99x grams
Combined powder: 0.28x grams + 0.54x grams = 1.48x grams
Step 4: Determine the percentages of kaolin and feldspar produced by the combined powder.
Percentage of kaolin:

0.078 x grams
1.8 x grams

Percentage of feldspar:

1.48 x grams
1.8 x grams

≈ 0.043 = 4.3%

≈ 0.82 = 82%

The percentage of kaolin must be between 3% and 5%, and the percentage of feldspar must
be between 70% and 85%. So, the combined powder meets the requirements to produce
dental ceramic.
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On the Job: Apply Using Units in Proportions
3. A dental laboratory technician is making a new toothpaste
that must have 0.3% triclosan and 2.0% of a copolymer.
The technician combines two powders. The table shows
the percentages of triclosan and copolymer produced by
100 grams of each powder.
Powder

Triclosan

Copolymer

A

0.2%

1%

B

1.2%

5%

If the technician combines 50 grams of Powder A and 10 grams of Powder B, determine
whether the combined powder produces a toothpaste that has 0.3% triclosan and 2.0% of
the copolymer.
a. Using x to represent the grams of toothpaste produced by 100 grams of each powder,
write an expression for the amount of toothpaste produced by the combined powders.
b. Using x, write expressions for the amount of triclosan produced by each powder and the
combined powder. Include the units.
c. Write an equation for the amount of copolymer produced by each powder. Include the
units.
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d. Determine the percentages of triclosan and copolymer in the combined powder. Does
the combined powder meet the requirements?

Career Spotlight: Practice
4. A dental laboratory technician is helping an
archaeologist to study how much a tooth
has been worn down in a 3 million-year-old
Australopithecus africanus skull. The length
of the tooth (including the root of the tooth)
was 18 millimeters when it was found. The
technician, using the structure of the tooth, was
able to figure out that it had worn down about
3.4% from what it was originally. How long in
inches would the tooth have been originally?
QUICK TIP
Sketching the situation can help you to figure out what mathematical steps are needed to
solve. Draw a tooth to help you visualize.
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5. A dental laboratory technician is a making a mold with a polymer that shrinks by 9% in
each dimension.
a. How much does the surface area of the polymer shrink by?
b. How much does the volume of the polymer shrink by?
6. A dental laboratory technician is making a ceramic
tooth. The ceramic should have 68–72% lithium
disilicate crystals and 3–5% kaolin. She combines two
powders, A and B. The table shows the percentages
of each ingredient produced by 100 grams of each
powder. If she combines 40 grams of Powder A and
60 grams of Powder B, does the ceramic meet the
required ranges of the percentages?
Powder

Kaolin

Lithium Disilicate

A

8%

80%

B

2%

65%

Devise a Plan
Step 1: Using x to represent the number of grams of ceramic produced by 100 grams
of each powder, write the amount of ceramic that is produced by combining the
powders as described.
?

Step 3:

?

Step 4:

?

7. While volunteering with Borderless Dentists in a foreign
country, a dental laboratory technician encounters a supply
of aspirin that is labeled in a way that is unfamiliar to
her. She wants to give the patient a dose of about 0.5 to
0.7 grams to counteract the patient’s pain, but the bottle is
labeled in grains (gr). She looks up the unit in a pharmacy
book and learns that one grain (1 gr) of aspirin is equal to
64.8 milligrams. If each aspirin tablet contains contains
5.0 grains of active aspirin, would two tablets provide the
dosage the technician wants?
QUICK TIP
Begin with the simplest fact from the question, and then use unit conversion factors
or ratios to find the dosage in milligrams. As you work through each step, be careful to
make sure units properly cancel.
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Step 2:

Career Spotlight: Check
8. A dental laboratory technician is designing a
replacement tooth using CAD. The actual width
of the tooth to be replaced is 7.1 millimeters.
Select the answer from each box that makes the
sentence true.
He is using a screen that expands the image eight
times larger than the actual tooth. The width of the
tooth on the screen will be

a. 0.9
b. 7.1
c. 57

millimeters.

The material used to make the model tooth shrinks by 18% when it is baked, so the model
needs to be made larger than the actual tooth. The size of the model on the screen should
be

a. 69
b. 47
c. 10
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is about

millimeters. Since 25.4 mm = 1 in., the size of the model on the screen

a. 27
b. 2.7
c. 1.9

inches.

9. A dental laboratory technician is making a full model of a
patient’s upper teeth so that the orthodontist can design
braces to fit. She is using a mold that was made in the
patient’s mouth with a quick-hardening thermoplastic
polymer. If the density of the material to make the model
is 1.35 grams per cubic centimeter and the mass of the
model is 17.2 grams, what is the volume of the model?
Use 1 cm3 = 1 mL.
A. 12.7 mL
B. 12.8 mL
C. 23.2 mL
D. 0.0784 mL
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10. A dental laboratory technician is measuring out supplies at a clinic and is converting a
dosage of pain medicine from a measurement in grains to a measurement in milligrams.
The mass of one grain (1 gr) of aspirin is 0.0648 grams. One tablet of aspirin contains
2.5 grains. How many tablets make up the dose of baby aspirin, which is 81 milligrams?
Write an equation including units to justify your answer.
11. An orthodontic technician is preparing a
computer model of a patient’s mouth using a
mold that was made in the patient’s mouth. The
actual span across the back of the patient’s
lower molars is 61 millimeters. The technician
uses CAD to create a virtual model of the
patient’s mouth on a computer screen. The
model is 8 times larger than the actual mouth.
The patient wants to know the measurements
in inches.
Select all the statements that are true.
Use 1 in. = 2.54 cm and 10 mm = 1 cm.
a. The distance across the patient’s lower molars on the screen would be about
7.5 millimeters.
b. The distance across the patient’s lower molars on the screen would be about
49 centimeters.
c. The distance across the patient’s actual lower molars is about 24 inches.
d. The distance across the patient’s lower molars on the screen is about 19 inches.
e. The distance across the patient’s lower molars on the screen is about 19 centimeters.
12. A dental laboratory technician is examining images of a patient’s mouth on a computer
to prepare to make a mold to model the mouth. The images are three times larger
than the patient’s actual mouth. The patient’s upper teeth on the screen appear to be
17.43 centimeters across, from molars on one side to molars on the other. The mold will
be made of a material that will shrink 10% during baking. Write an equation to determine
the width of the mold in inches that could be used to make a model of the patient’s teeth
at actual size.
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13. A dental laboratory technician has mislabeled the polymer containers in the lab. To find
out what the polymer in one container is, the technician produces a cube of polymer
and heats it. The polymer shrinks from an initial volume of 1.20 milliliters to a volume of
0.965 milliliters. Which polymer would it be?
A. Material A, which shrinks 8% in each dimension
B. Material B, which shrinks 4% in each dimension
C. Material C, which shrinks 7% in each dimension
D. Material D, which shrinks 14% in each dimension
14. A dental laboratory technician is studying new materials for tooth crowns in the lab.
Material A shrinks 8% in each dimension when heated. Material B shrinks 4% in each
dimension when heated. Material C shrinks 12% in each dimension when heated.
Match each material with the correct percent of shrinkage in surface area.
Surface Area Shrink After Heating
8%

12%

15%

22%

23%

Material A, 8%
Material B, 4%
Material C, 12%
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Notes
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