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Facial growth and development have
been frequently studied using cephalo-
metric roentgenography. Most of these
studies have concluded that facial
growth relative to a cranial base line
proceeds along a vector composed of
variable amounts of horizontal forward
growth and vertical downward growth.
The relative proportions of forward
growth and downward growth have
been characterized as relatively constant
for a given individual producing a rela-
tively constant vectorial direction of
facial growth.

The sites of the greatest amounts of
facial growth have been documented by
many methods. Good evidence has been
presented that major sites of bony addi-
tions include the facial sutures and
maxillary alveolar processes and the
mandibular condyle and alveolar proc-
esses.*

Since the mandible possesses an ar-
ticulation with the skull, it is necessary
that vertical growth increases in the
anterior face exactly equal vertical
growth increases in the posterior face
in amount and timing or the mandible
will rotate at its articulation. If vertical
increases at the facial sutures and/or
the alveolar process should exceed the
vertical increases at the mandibular con-
dyle, the mandible would rotate back-
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ward. Conversely, if vertical growth at
the condyle should exceed the sum of
the vertical growth components at the
facial sutures and alveolar processes, the
mandible would rotate forward. Either
one of these changes would alter the
downward and forward constant vec-
torial direction of facial growth.

In a series of excellent reports
Bjork™* has clearly demonstrated that
such rotations of the mandible do take
place in at least some examples of nor-
mal growth. Metallic implants were
placed in the maxilla and mandible to
permit a description of absolute growth
changes of the jaws themselves. He
noted that such rotations of the mandi-
ble are not discernible using conven-
tional cephalometric landmarks and
methods due to extensive remodeling
of the mandible and its lower border.
Thus, a given individual does demon-
strate an apparent linear consistency of
growth pattern and direction. This con-
sistency is not necessarily a result of
regular equal increments of growth. It
may be achieved by very unequal
amounts of growth at the major growth
sites accompanied by mandibular rota-
tion and remodeling. These remodeling
changes tend to reshape the mandible
to recreate former spatial relationships.
Thus, the consistency of pattern and
resultant growth direction is main-
tained, but the mechanism of manifesta-
tion is perhaps more complex than
usually suspected.
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Mandibular rotations can logically be
expected to alter facial heights. A num-
ber of workers have investigated vertical
facial growth changes, but only a few
have considered the possibility of man-
dibular rotations.!-3:5-9.11-13,15,16 Ty order
to examine the relationships between
vertical parameters and mandibular ro-
tation, this study was designed to ex-
amine extreme variations in facial
growth. It was hypothesized that man-
dibles that are rotating either backward
or forward would manifest higher or
lower mandibular plane - sella nasion
angles, respectively. Remodeling could
be expected to be continually masking
the changes, but the growth pattern of
one extreme should manifest substantial
morphological differences from the
opposite extreme of growth pattern.

METHODS AND MATERIALS

The data in this study were collected
from pretreatment cephalometric radio-
graphs and study models of patients
present in the active files of the Divi-
sion of Orthodontics, School of Den-
tistry, University of Minnesota. The
files were screened for all patients with
a recorded mandibular plane - sella
nasion angle greater than 38 degrees or
less than 26 degrees. These values repre-
sent one standard deviation from Rie-
del’s'® mean plus an allowance for
measurement error.

This search yielded 183 patients with
recorded angles greater than 38 degrees
and 60 patients with recorded angles
less than 26 degrees (approximately 30
per cent of the total case load). From
each of these two groups 20 records
were randomly selected. A third group
of 20 patients whose mandibular plane
angles were recorded at 32 degrees, Rie-
del’s mean, was similarly selected. The
mean age of these three groups of pa-
tients was in years: low MP-SN 13.34
*2.09, average MP-SN 13.26=+1.69
and high MP-SN 14.20+3.16.
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New tracings were constructed of all
sixty lateral head films. Landmarks were
identified by conventional definition ex-
cept where noted otherwise, and lines
constructed.  Measurements were
grouped according to the following:
(Fig. 1)

1. Vectorial resultants of anteroposte.

rior and vertical relations

MP to SN - mandibular plane -
sella nasion angle

OP to SN -occlusal plane - sella
nasion angle

OP to MP - occlusal plane - man-
dibular plane angle

2. Anteroposterior relations
A. Bone to bone
SNA -sella nasion-A point
angle
SNB -sella nasion-B point
angle
ANB - A point nasion - B point
angle
B. Tooth to bone

S to 6 - linear distance of the
mesiobuccal cusp tip of the
maxillary first molar from

sella along SN

3. Vertical relations
A. Bone to bone

TFH - linear total facial height
(menton - nasion) measured
along a perpendicular to-SN

UFH -linear upper facial
height (anterior nasal spine -
nasion) measured along a
perpendicular to SN

LFH -linear lower facial
height (anterior nasal spine -
menton) measured along a
perpendicular to SN

Ramus height - linear height of
the ramus (summit of con-
dyle taken as top of ear rod
to gonion) measured per-
pendicular to SN



Vol. 41, No. 3

SN

Vertical Growth

221

S
S v ]
'1:0"\,
~ T
W
S
v T
w
T o
0
<
o T
(0] w
jo ]

Fig. 1 Parameters of facial growth measured in this study. See methods and
materials section of text for definition of lines used.

B. Tooth to bone

OP-PP - height of maxillary
first molar measured as a
perpendicular to occlusal
plane through the mesiobuc-
cal cusp to inferior cortex of
palate

OP-MP - height of mandibular
molar measured as a perpen-
dicular to the mandibular
plane through the mesiobuc-
cal cusp to the occlusal plane

Anterior dental height - linear
distance from ANS to the
incisal edge of the maxillary
central incisor along a per-
pendicular to SN

C. Tooth to tooth

Overbite - linear distance be-
tween the incisal edges of
the maxillary and mandibu-
lar central incisors along a

perpendicular to SN
Study models were utilized to meas-
ure palatal width. This was recorded as
the distance between the mesiolingual
cusp tips of the maxillary first molars.

REesurTs
The vectorial parameters, MP-SN,
OP-SN and OP-MP, for the three
groups of patients are shown in Table
I. The mean mandibular plane angle
decreased from the high group (42.80)
to the average group (31.75) to the low
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TABLE 1
Vectorial Resultants of Anteroposterior and Vertical Relations
HIGH MP-SN AVERAGE MP-SN LOW MP-SN
Angle Mean S.D. Mean S.D. Mean S.D.
MP-SN 42.80 3.64 31.75 1.36 22.563 2.21
OP-SN 20.25 3.16 15.70 2.33 12.93 2.94
OP-MP 22.20 3.68 16.05 2.48 9.43 3.02

group (22.33). As the mandibular plane
angle decreased so did the component
angles. The OP-MP angle decreased
from a mean of 22.20 for the high
group, to 16.05 for the average group,
to 9.43 for the low group. The mean
OP-SN angle also decreased, but more
slowly. The sum of OP-SN and OP-MP
approximately totalled the MP-SN
angle.

Table II shows that, as the MP-SN

angle decreased, the mean values for
SNA and SNB increased. The mean
SNA went from 78.88 for the high
angle group, to 81.18 for the average
group, and 83.75 for the low angle
group. The mean SNB showed similar
changes going from 75.05 in the high
group, to 77.98 in the average group,
to 80.35 in the low group. The mean
ANB for each group remained nearly
constant.

TABLE 1II
Bone to Bone and Tooth to Tooth
HIGH MP-SN AVERAGE MP-SN LOW MP-SN
Angle Mean S.D. Mean S.D. Mean S.D.
SNA 78.88 4.05 81.18 2.35 83.75 3.32
SNB 75.05 4.17 77.98 2.12 80.35 3.50
ANB 3.82 5.17 3.20 3.32 3.42 2.32
Sella 6* 28.25 6.10 32.50 3.91 35.25 4.98

* measured in millimeters

The linear distance from a perpen-
dicular to SN through sella to the upper
first molar describes the horizontal
placement of the maxillary denture.
These mean measurements also in-
creased as the MP-SN angle decreased
going from 28.25 mm in the high
group, to 3250 mm in the average
group, to 35.25 mm in the low group.
Table II shows, therefore, that not only
the skeletal components increased in the

as the MP-SN
also the dental

horizontal dimension
angle decreased, but

components became more anteriorly
situated.
Table III shows that total face

height increased appreciably when the
MP-SN angle increased. The means of
total facial height were 122.7 mm for
the high angle group, 115.3 for the
average group and 110.2 for the low
group. Most of these increases were in

TABLE III
Vertical Relations — Bone to Bone
HIGH MP-SN AVERAGE MP-SN LOW MP-SN
Angle Mean S.D. Mean S.D. Mean S.D.
TFH 122.70 8.87 115.30 5.39 110.20 6.84
UFH 53.45 3.29 53.25 2.60 53.02 2.95
LFH 69.13 6.93 62.05 3.72 57.18 5.43
Ramus Ht 52.35 3.86 56.30 3.92 58.75 3.31
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TABLE IV

Vertical Relations — Tooth to Bone and Tooth to Tooth
with Palatal Width Dimensions taken from Study Models

YRy - " === 7

with Palatal Width Dimensions taken from Study Models

HIGH MP-SN AVERAGE MP-SN LOW MP-SN
Linear
Distance (mm) Mean S.D. Mean S.D. Mean S.D.
Pal Ht, OP-PP 22.50 .3.05 19.63 1.78 17.13 1.77
Mand Ht,

OP-MP 31.20 2.70 28.20 2.26 28.30 2.52
Ant Dent Ht 31.30 1.80 28.70 1.87 26.30 2.89
Overbite -0.65 3.47 3.38 2.09 5.25 2.28
Pal Width 35.60 3.37 38.12 2.14 40.57 3.47

the lower face height. The mean upper
face height remained constant at ap-
proximately 53 mm. The mean lower
facial height for the high angle cases
was 69.13 mm, the average group 62.05
and the low angle group 57.18.

The mean height of the ramus was
inversely related to the MP-SN angle.
In other words, the ramus was shortest
(52.35 mm) in the high angle group
and longest in the low angle group
(58.75). The average group had a
mean ramal length of 56.3 mm.

Table IV shows the summations of
the dental measurements. The amount
of posterior alveolar development in the
upper arch was measured from the
cephalometric x-ray as the perpendicu-
lar distance from the occlusal plane
(OP) to the inferior edge of the palate
(PP) through the mesiobuccal cusp of
the first molar. The mean of this meas-
urement decreased as the MP-SN angle
decreased. In the high angle cases the
mean distance was 22.50 mm. This
distance decreased to means of 19.6
mm for the average group and 17.1
for the low angle group.

The posterior alveolar mandibular
development similarly decreased with
decreases in the MP-SN angle but much
less dramatically than the maxilla did.
The mandibular height showed a mean
of 31.2 mm for the high group, 28.2

SN angle decreased. The mean anterior
dental height for the high group was
31.3 mm. The same parameter in the
average group was 28.7 mm and the
low group 26.3 mm.

Overbite became deeper when the
MP-SN angle decreased. In the high
angle group there was open bite instead
of overbite. The mean amount of open
bite in the high group was —0.65 mm,
but this group also had a larger stand-
ard deviation. Actual values ranged
from an open bite of 9.5 mm to a closed
bite of 4.0 mm. The mean overbite for
the average group was 3.38 mm and for
the low group 5.25.

The width of the palate through the
molar areas increased as the MP-SN
decreased. The mean width for the high
angle group was 35.6 mm. This in-
creased to a mean of 38.12 mm for the
average group and 40.57 for the low
angle group.

Table V shows the results of per-
centage contributions instead of abso-
lute values. The percentage of LFH de-
creased from 56.17 in the high angle
group, to 53.77 for the average group,
to 531.85 in the low angle group. The
complementary upper facial height per-
centages were 43.83 (high), 46.23
(average) and 46.64 (low), even
though the absolute measurements re-
mained virtually constant as shown in
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TABLE V
Vertical Relations — Bone to Bone and Tooth to Bone
Expressed as Percentages of Total Anterior Facial Height
HIGH MP-SN AVERAGE MP-SN LOW MP-SN
Mean S.D. Mean S.D. Mean S.D.
LFH/TFH 56.17 2.26 53.77 1.44 51.85 2.29
Ramus/TFH  42.67 2.22 48.91 3.15 53.36 2.99
OP-PP/TFH  18.29 2.05 16.99 1.06 15.52 1.23

had a mean ramal percentage of 42.67,
the average group 48.91, and the low
angle group a percentage of 53.36.

The mean percentage of posterior
maxillary alveolar height, OP-PP, to
the total facial height decreased as the
MP-SN decreased. The respective mean
percentages calculated were 18.29 for
the high group, 16.99 for the average
group and 15.52 for low angle cases.

The results were analyzed for correla-
tion and regression by scatter diagrams
drawn by a computer relating each
variable to the MP-SN angle. A regres-
sion line was also drawn in each dia-
gram with 959% confidence bands for
the line itself.

The rho for each scattergram was
utilized in order to rank the results. The
rho by definition was composed of three
elements, the slope of the line, the
standard deviation (¢) x and the stand-

[p.¢
ard deviation (¢) y (rho=slope x —).

Ty
The larger rho is (either positive or
negative), the better it is as a predictor
of MP-SN angles. In order for rho to

have a weighted significance it was
squared and then subtracted from 1.0.
The square root of this resultant is the
weighted number seen in Table VI.

The smaller the number, the more
important the variable since this num-
ber is subtracted from 1.0. For example,
the OP-MP angle (0.427) is approxi-
mately twice as important as the SNA
(0.870) measurement in predicting the
mandibular plane angle. The converse
of this is also true. For instance, age,
ANB or UFH have essentially no value
in predicting the mandibular plane
angle.

Only three of the above factors can
be considered morphologically causa-
tive in the development of high or low
MP-SN angles and their respective
growth patterns. These three factors in
Table VI are number 4, the height of
the posterior maxillary alveolar process
(OP-PP), number 12, the height of the
ramus (Ramus ht) and number 17, the
height of the posterior mandibular al-
veolar process (OP-MP). These are all
absolute measurements and the height
of the posterior maxillary alveolar proc-
ess (OP-PP) is clearly the most rela-

TABLE VI

Weighted Ranking of the Parameters
Studied for Predicting Mandibular Plane Angle

1. OP-MP angle 427
2. % Ramus Ht 492
3. OP-SN angle .628
4. OP-PP (mm) .647
5.  Overbite 678
6. Ant Dent Ht .695
7. Cast Pal Ht 114
8. % OP-PP 7133
9. LFH 746
10. % LFH 156

11. SNB Nt
12, Ramus Ht 782
13. Pal Width 795
14. TFH .810
15. Sella 6 .822
16. SNA 870
17. OP-MP (mm) 910
18. Age 983
19. ANB .985
20. UFH 998
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tively important in developing high or
low plane growth patterns. The ramus
height was less important and the
height of the mandibular molars rela-
tively unimportant.

When these same three absolute
measurements are converted to a per-
centage of total facial height, ramus
height becomes more important than
the posterior maxillary alveolar process
height. (Table VI, numbers 2 and 8.)
Mandibular alveolar process height re-
mains unimportant.

Discussion

Cephalograms of patients, obtained
before and after an interval of facial
growth, clearly show a direction and
amount of change relative to some base
line. Interpretation of information
gained by such conventional cephalo-
metric methods suffers from one funda-
mental shortcoming, however. Such
changes are widely assumed to be of an
additive nature occurring at known
areas of major bone growth. In the case
of the mandible and the maxilla, verti-
cal increments of growth at the condyle
would have to exactly equal the sum of
the vertical growth at the maxillary al-
veolar ridges, mandibular alveolar
ridges, and the facial sutures or man-
dibular rotation would occur. Only re-
cently has serious consideration been
given to the possibility of disproportion-
ate growth with remodeling changes
maintaining the apparent constancy of
skeletal patterns. From this viewpoint,
measured cephalometric growth be-
comes the algebraic sum of growth addi-
tions plus subtraction by resorption.

Using metallic implants, Bjork*? has
clearly demonstrated that variations in
growth do occur between these facial
regions and that such variations do pro-
duce rotations of the mandible in either
a forward or a backward direction.
Furthermore, he has demonstrated that
the apparent constancy of downward
and forward facial growth is a result

Vertical Growth
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of rotations combined with remodeling.
Thus, a pattern of facial growth is
constant in the sense that remodeling
will tend to maintain certain propor-
tionality and spatial relationships. Pat-
terns of facial growth are not constant
in the sense that they manifest, by
simple downward and forward additive
growth, changes in a constant given
direction.

Growth patterns manifesting extremes
in mandibular rotations should logically
be associated with extremes in variation
of the MP-SN angle. If the alveolar
ridges and facial sutures greatly increase
vertically in excess of vertical increases
at the mandibular condyle, the mandi-
ble will rotate backwards. Remodeling
will occur at the mandibular border in
an attempt to maintain the original
MP-SN angle, i.e., the skeletal pattern.
Conversely, when vertical growth
amounts at the mandibular condyle
greatly exceed amounts at the alveolar
ridges and facial sutures, forward rota-
tion of the mandible must occur. Rota-
tion in this direction will similarly be
masked in part or whole by remodeling
of the mandibular lower border. Bjork?
has described several other mechanisms
for forward and backward mandibular
rotation, e.g., loss of teeth, high dental
restorations or appliances.

Extremely high MP-SN angles have
been theorized to result from relatively
small amounts of vertical condylar
growth and relatively large amounts of
vertical alveolar and sutural growth
producing backward mandibular rota-
tion. The theoretical results of such a
growth pattern would be increased
lower anterior facial height and/or de-
creased ramus height. Extremely low
MP-SN angles would be expected to
result from the opposite differential
growth pattern and produce the oppo-
site effects on facial height. Such are
the findings of linear measurements in
Table III and percentage expressions
in Table V.
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Similarly, if high MP-SN angles re-
sult from relatively large amounts of
vertical alveolar growth, the vertical
length of the upper and lower molars,
as well as the anterior dental height,
should be greater. Conversely, if low
MP-SN angles result from forward rota-
tion with relatively less vertical alveolar
growth, the alveolar measurements
should be less in these cases. In Table
IV these anticipated results are found.

The incisal vertical relationships are
also as predicted. The backward-rotat-
ing high MP-SN angle case has a tend-
ency toward open bite in spite of the
fact that the maxillary incisor is already
markedly longer. These people do not
necessarily have short upper lips, but
they do have longer maxillary alveolar
processes. The forward-rotating MP-SN
angle case has a tendency toward deep
overbite despite the fact that the maxil-
lary incisor is already shorter. Such
overbites or open bites are skeletal in
nature and can be expected to get worse
with continuance of the growth pattern
already manifest (Figs. 2 and 3).

The anteroposterior positioning of
teeth and skeletal components can
logically be anticipated to affect man-
dibular rotation. As teeth or skeletal
parts are located posteriorly, the MP-
SN angle can be expected to increase.
Conversely, low MP-SN angles should
be associated with more anterior place-
ment of these component parts. Table
II reveals just such relationships. Rie-
del’s’® mean SNA of 82 degrees was
derived from subjects with good occlu-
sions. Patients with marked skeletal
variation will possess SNA values char-
acteristic of their growth patterns. The
maxillary first molar was also situated
more posteriorly in high MP-SN cases
and more anteriorly in low MP-SN
cases (Table IT). This indicates that
the denture, as well as the skeletal base,
is in a characteristic anteroposterior
position relative to the MP-SN angle or
growth pattern present.
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Fig. 2 Interrelationships of sites of
facial growth that result in characteris-
tic high MP-SN angle. Backward rota-
tion of the mandible is characteristic of
the normal growth pattern.

Fig. 3 Characteristic low MP-SN angle
syndrome of facial growth. Forward
rotation of the mandible must occur dur-
ing normal growth in order to produce
the morphological differences noted.

It is logically anticipated that back-
ward rotating mandibles increase facial
height and therefore elongate the facial
musculature. As muscles are elongated,
the passive stretch tension increases.
This would be expected to cause the
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maxillary arch to be more constricted.
Table IV shows such a result with
narrower maxillae in the horizontal
plane of space and, therefore, a tend-
ency toward buccal crossbite in the
backward-rotating (high MP-SN angle)
growth pattern. Conversely, the for-
ward-rotating (low MP-SN angle)
growth pattern has less facial height
tending to permit maxillary teeth to
move toward buccal version. Such den-
tal relationships are more common with
these types of growth patterns.

The facial profiles of these two syn-
dromes of facial growth are also charac-
teristic and predictable. Forward-rotat-
ing (low MP-SN angle) patterns of
growth allow pogonion to move in a
relatively forward direction resulting
in a prominent chin point. Short lower
facial heights produce a curl of the
lower lip. Backward-rotating (high
MP-SN angle) mandibles move po-
gonion backward and downward pro-
ducing a less prominent chin. Increased
lower facial heights result in a high
level of mentalis muscle activity in order
to raise the lower lip for a lip seal. This
muscle activity will have its consequent
effect on the lower incisors.

In describing these skeletal growth
patterns in this study, typical or average
dentitional changes have also been de-
scribed. It can be expected that it will
be difficult to reverse these trends and
easy to simulate them. For example, an
anterior open bite present with a low
MP-SN angle is very difficult to find.
Such a situation would result from a
habit or local factor operating against
the_ckeletal erowth nattern and wonld
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prognosis with decreasing MP-SN
angles.

An additional major consideration
when viewing the dental problems asso-
ciated with these patterns of growth is
the need to take the profile into ac-
count. Unquestionably, an anterior open
bite in a growing child with a high
MP-SN angle can be corrected by ver-
tical elastics and produce a fine set of
plaster records. A preferable treatment
plan, however, would involve inhibition
of further vertical molar growth pro-
ducing a forward mandibular rotation
and improved profile. Another con-
sideration in dealing with extreme skele-
tal variations is the option for variation
in treatment goals. An overjet in a for-
ward rotating case is undesirable since
it permits overbite to progress. The
same problem in a backward rotater is
of significance if the lower lip will func-
tion in this space, but a progressing
deep overbite will almost never be a
problem.

When the parameters studied in this
investigation were ranked, (Table VI)
the vertical height of the upper molar
(OP-PP) was shown to be very im-
portant in predicting the MP-SN angle.
This vertical parameter can and should
be carefully controlled especially in high
or low MP-SN cases. Cervical head-
gears with high outer bows produce
distal root movement and vertical ex-
trusion. This force system is ideal for
forward rotaters (low MP-SN) with
deep overbite. It is contraindicated for
growing, backward rotaters (high MP-
SN) since molar extrusion would
usually be undesirable. Backward ro-
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become frank open bites as their oc-
clusal curves are leveled. Therefore, for-
ward rotaters should have all teeth
banded including second molars and re-
verse curves utilized in the archwires.
Backward rotaters should have only the
necessary teeth banded, preferably not
the second molars, with sufficient oc-
clusal curve present in the archwires to
maintain the vertical occlusal curve
present.

Intermaxillary elastics will produce
posterior extrusion and help deep-bite,
forward rotaters and hurt backward ro-
taters with open-bite tendencies. Extrac-
tions will harm deep-bite, forward ro-
taters to the extent that anchorage is
lost and the molars come forward and/
or the incisors upright their inclinations.
The reverse, of course, applies to back-
ward rotaters where extractions are de-
sirable because molars can come for-
ward and incisors can be uprighted to
increase overbite. Note, however, that
the anchorage loss can reduce overbite
by mandibular rotation, but incisor up-
righting is only a dental correction and
does not improve facial height esthetics.

The maxillary posterior alveolar proc-
ess was found to be much more im-
portant than the posterior mandibular
alveolar process in contributing to ver-
tical development. Data in Table IV
show that in both low and average
mandibular plane angle groups the
mean mandibular height in the first
molar area was essentially the same.
In the high angle cases, the mean man-
dibular molar height was increased by
three millimeters over the other groups.
Although mandibular height does con-
tribute to the increased vertical develop-
ment of the high angle case, it is rela-
tively less important as shown in Table
VI.

Theoretically, growth changes in any
one of several areas can Increase or
decrease vertical facial dimensions. This
study has examined only three of these
areas, ramus height, posterior maxillary
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alveolar height and posterior mandibu-
lar alveolar height. An area which was
not examined is the position of the
glenoid fossa. If this fossa can become
situated in a more superior position, it
gives the same effect as shortening the
ramus. Conversely, lowering of the fossa
affects mandibular position just as a
long ramus would. Also, vertical down-
ward movement of the maxilla at its
sutures would act like alveolar increases.

Substantial evidence exists today that
the simplicity or complexity of the force
system is not the deciding factor in pro-
ducing the best treatment. In average
skeletal patterns much leeway exists and
the undesirable side effects of inappro-
priate mechanotherapy will not be so
obvious. Severe skeletal pattern dis-
crepancies, however, represent at least
one third of a typical practice and are
the major source of problem cases.
These must be managed carefully and
appropriately with full knowledge of
what has happened and what can hap-
pen in extreme variations in facial
growth.

School of Dentistry
University of Minnesota
Minneapolis, Minnesota 55455
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