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II. Forces Present During Treatment

Rosert J. Isaacson, D.D.S., Ph.D.
ArTHUR H. IncraM, D.D.S., M.S.D.

Rapid mechanical maxillary expan-
stion procedures have been increasingly
employed in recent years. Conclusive
radiographic and microscopic evidence
of midpalatal suture separation has
been reported by numerous investi-
gators.’% 719 More recently cephalo-
metric studies utilizing metallic implants
have offered good evidence that expan-
sion screw appliances also expand the
basal facial skeletal structures.®® The
expansion of the dental arches in every
case, however, has appeared to be sig-
nificantly greater than the expansion
of the underlying skeletal structures.
Moreover, it has also been reported
that the response of the buccal quad-
rants to rapid expansion forces may
differ between patients and between the
left and right quadrants of the same
patient.®

The apparent growing acceptance of
this technique as a clinical procedure,
however, has resulted in an increasing
availability of a puzzling plethora of
expansion screw designs. Fixed and re-
movable rapid expansion appliances for
the maxilla and mandible as well as for
single teeth have also been described re-
cently. Nevertheless, neither the mech-
anism of action nor the biologic re-
sponses evoked by this procedure have
been completely described.

Therefore, this study was designed to
accurately measure the forces produced
by rapid mechanical maxillary expan-
sion appliances during several types of
activation schedules. While it is well
accepted that the inclined planes of a
screw force produce a relatively high
load deflection rate, no estimates of the
forces or decay rates produced by rapid
expansion appliances have been re-
ported.

MreTHODS AND MATERIALS

This study was conducted on five
patients ranging from eight years six
months to fifteen years six months of
age selected from the Orthodontic Divi-
sion of the University of Minnesota
School of Dentistry. Four of the patients
were females and all patients demon-
strated bilateral crosshites with some
degree of maxillary constriction.

The expansion screw appliances con-
sisted of (1) orthodontic bands placed
on selected maxillary teeth, (2) a mid-
line expansion screw, (3) acrylic proc-
essed against the alveolar process and
palate on one side of the mouth and
(4) a force-measuring dynamometer
connecting the expansion screw and the
bands on thc other side of the mouth
(Fig. 1).

Oversized orthodontic bands were
selected for the maxillary first perma-
nent molars and first bicuspids (or
stable deciduous molar) and transferred
to a working model via an alginate
impression. Round stainless steel .040

Fig. 1 Expansion appliance in place. Note
the dynamometer on the left side with
the lead wires tied above the expansion
screw.
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inch wire was soldered to the buccal
surface of the bands in both quadrants
for stabilization. In one quadrant round
060 inch wire was soldered to the
lingual surface of the bands and palat-
ally extending retention lugs were em-
bedded in acrylic together with one
half of the expansion screw. The ex-
pansion screw opened .8 mm for each
complete revolution of the screw and
was constructed to permit only one-
fourth of a revolution (0.2 mm) per
activation.

In the other maxillary quadrant a
force-measuring dynamometer was con-
structed from .038 inch 18-8 stainless
steel. The dynamometer beam was con-
structed as previously described and
was positioned parallel to the long axes
of the posterior teeth and carefully
soldered with low heat to the bands and
to the other half of the expansion screw.
Two strain gauges were cemented to the
palatal surface of the beam and lead
wires were soldered to the gauges and
covered with one-sixteenth inch poly-
ethylene tubing. The tubing containing
the lead wires was passed through an
.040 inch hook soldered to the anterior
portion of the beam and stabilized there
with acrylic. A waterproofing protec-
tive coating was applied to the beam
and gauges to prevent absorbed moisture
from producing dimensional changes in
the gauges. The appliance was cali-
brated in a ten inch vise incorporated
with a force gauge to apply known
static loads.

Recordings were obtained by solder-
ing the appliance leads to a terminal
block connected into two channels of
a bridge balancing unit connected to a
Baldwin strain indicator. During experi-
mental clinical procedures the terminal
block was stabilized on the face by a
head strap. Following the recording of
force values the lead wires were un-
soldered from the terminal block, coated
with sticky wax and stabilized on the
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palatal side of the expansion screw
with ligature wire.

At the time of permanent cementa-
tion of the appliance verbal instructions
were given to the parent and patient
on the maintenance and activation of
the appliance. It was cautioned that a
string should be attached to the activa-
tion key and to the wrist of the person
activating the appliance to prevent acci-
dental swallowing of the key.® At least
one of the initial activations was com-
pleted by the parent at this time also.
The activation schedules varied between
the several patients and are shown in
Figures 2, 3, 4 and 5.

ResuLTs
First Day of Treatment

The forces produced and the decay
rates resulting from the various activa-
tion schedules employed during the first
day of treatment are shown in Figures
2 and 3. The magnitude of the forces
indicated refers to the forces measured
by the dynamomecter. An equal and
oppositely directed force may be as-
sumed to have existed in the opposite
quadrant,

In patient 4, an 8:6 year old female,
the zero load of the appliance was not
established until after cementation of
the appliance in the mouth. Therefore,
the forces produced by the appliance
as a result of cementation were not
known. The first activation, however,
produced an increase of 3.7 pounds of
expansion force. Within one minute
0.2 pounds of this force decayed. A
second activation, one and one-half
minutes after the first activation, pro-
duced 2.5 pounds of force resulting in
a net total of 6.0 pounds of force pro-
duced. Within one minute this force
decayed 0.3 pounds. A third activation
of the appliance, three and one-half
minutes aflter the initial activation, pro-
duced 2.4 pounds of force resulting in
a total of 8.1 pounds of expansion force



Vol.

Forces Present

263

Units of Actlvation (quarter revolutions)

a2 3 | 2 3
T + + 4 —_
A
164 4 \
\
\
1 4 \\
. \
N\
\
12 -4 N
N
N
g 10 h >
g S ~o.
& ] \\ + o
g : T
S 8 b N T .
i N ¥ >
< RENY L
e :‘- Tl 1
@ T e
S 6 + Eonbal S SR > N p
4 >
w w -
S o
PEEE B -
o
H * ] | ..L
3
a Y
24 I~ -
"
+ 4
0 i -
“*«.zero lood established after PATIENT A PATENT B
E cementation in the mouth Qage 8y 1 o £ ageiss
~
2 4 3
T 1 rrr T | LR L LR LI L DL AL AR SARE SRS LS S SIS Badn SRE |
[¢] 4 8 12 16 20 24 28 ] 4 8 12 16 20 24 8
Time (minutes)
Units of Activation (quorter revolutions)
1 2 12 3 4
g —o ; P— + ‘- —
|5-‘" -4
b i
14 4 g )
\
A
Y
124 \J\ b T
“ea
“eo
=104 Teel
s ~~a
e N b - o
A |
& ‘o + 3 3|
3 64 ~. - -
5 S5 ~s
w § U
< R}
2 < N4
2 6 \ 7 B
o N
a N
Iy Yy g
w S
- >
5 44 -{
n v
2 9 \
5 1+ R
T
24 -4
)
¥
0+ - +
PATIENT C PATIENT O
P ogeiz @ ogett
2 .
rrrrr T T ¥ T T v T ¥ \J v T L] T L T T T T T T T T
0 4 8 2 I3 20 24 28 32 0 4 [ 2 % 20

Fig. 2 Graphic representations of the forces r
tion and their decay rates for patients A, B,

a recorded reading.

Ttme (minutes)

ecorded during the first day of activa-
C and D. Every arrowhead represents
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present. This force decayed 2.2 pounds
over the course of the next twenty-five
and one-half minutes. Thus a total of
5.9 pounds of expansion force was pro-
duced by three activations given over a
twenty-nine minute period. It should
be pointed out, however, that since in
this patient the zero load of the appli-
ance was not established prior to cemen-
tation, these values are only precise
relative to each other. Based on the
experience gained in the cementation of
subsequent appliances, it is apparent
that the distortion of the appliance pro-
duced by cementation can produce sig-
nificant amounts of constriction or ex-
pansion force. In all subsequent cases
the zero load strain values were re-
corded prior to cementation.

In patient B, a 15:6 year old female,
cementation of the appliance produced
a constriction force of 2.8 pounds. The
first activation produced an increase of
7.0 pounds of force resulting in a net
expansion force of 4.2 pounds. This
force decayed 2.0 pounds in three min-
utes. A second activation, three minutes
after the first activation, produced 8.0
pounds of force resulting in a net ex-
pansion force of 10.2 pounds. This force
decayed 3.0 pounds in three and one-
half minutes. A third activation, six
and one-half minutes after the initial
one, produced 9.2 pounds of force re-
sulting in a net expansion force of 16.4
pounds. This force decayed 9.1 pounds
over the next twenty-three minutes.
Therefore, a net expansion force of 7.3
pounds remained following three activa-
tions given over a thirty minute period.

Cementation of the appliance in pa-
tient C, a 12 year old male, resulted in
an expansion force of 2.2 pounds. The
first activation produced 4.0 pounds of
force resulting in a net expansion force
of 6.2 pounds. This force decayed 1.8
pounds in five and one-half minutes.
A second activation, seven and one-
half minutes after the first activation,
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produced 5.4 pounds of force resulting
in a net expansion force of 9.8 pounds.
In five and one-half minutes this force
decayed 2.3 pounds. A third activation,
fourteen minutes after the initial activa-
tion, produced 6.0 pounds of force re-
sulting in a net expansion force of 13.5
pounds. This force decayed 4.4 pounds
over the next eighteen and one-half
minutes. Therefore, a net expansion
force of 9.1 pounds remained following
three activations given over a thirty-
two and one-half minute period.

In patient D, an 11 year old female,
0.4 pounds of constriction force were
produced by cementation of the appli-
ance, The first activation produced 4.5
pounds of force resulting in a net ex-
pansion force of 4.1 pounds. This force
decayed 1.4 pounds in two minutes. A
second activation, two and one-quarter
minutes after the first activation, pro-
duced 5.5 pounds of force resulting in
a net expansion force of 8.2 pounds. In
two and three-fourths minutes this force
decayed 2.2 pounds. A third activation,
six and one-half minutes after the first
activation, produced 3.2 pounds of
force resulting in a net expansion force
of 9.2 pounds. This force decayed 1.7
pounds in four and one-half minutes.
Because the third activation appeared
to produce a relatively smaller net force
increase, a fourth activation was given
twelve and one-half minutes after the
first activation. This activation pro-
duced 8.0 pounds of force resulting in
a net expansion force of 15.5 pounds.
In seven and one-half minutes this force
decayed 4.0 pounds. Therefore, a net
expansion force of 11.5 pounds remained
following four activations given over a
twenty minute period.

Cementation of the appliance in pa-
tient £, a 15:6 year old female, re-
sulted in an expansion force of 0.2
pounds. One half of one activation, or
one-eighth revolution of the expansion
screw, produced 3.6 pounds of force
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Fig. 8 Graphic representation of the
force recorded during the first day of
activation and the decay rate for patient
E. Every arrowhead represents a re-
corded reading.

resulting in a net expansion force of
3.8 pounds. Completion of the first
activation or another one-eighth revo-
lution of the expansion screw one-half
minute later produced 7.0 pounds of
force resulting in a net expansion force
of 10.8 pounds. In twenty-seven min-
utes this force decayed 4.1 pounds. An-
other one-half activation or one-eighth
revolution of the expansion screw thirty
and one-half minutes after the initial
activation produced 3.8 pounds of force
resulting in a net expansion force of
10.5 pounds. This force decayed 1.7
pounds in five minutes. Therefore, a net
expansion force of 8.8 pounds remained
following one and one-half activations
given over a thirty-five and one-half
minute period.

Subsequent Days of Treatment

The dynamometer constructed for
patient 4 was relatively highly sensi-
tive and was calibrated as linear up to
a force of 7 pounds. On the second and
third days of treatment, however, large
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strain values were recorded that failed
to subsequently decrease. Thus it was
assumed that permanent deformation of
the dynamometer beam had occurred
and continuing data relative to the net
forces present or their decay rates could
not be recorded. Changes in forces
could be noted, however, and these
changes indicated that less than 3
pounds of force was produced by each
subsequent activation, The dynamom-
eter in all subsequent patients was cali-
brated as linear up to a force of 30
pounds to avoid the recurrence of this
problem,

In patient B another problem arose
which precluded the collection of con-
tinuing data. When this girl returned
to the clinic the second day, one strain
gauge was completely inoperative.
Therefore, no data regarding the forces
present and their decay rate on subse-
quent days of treatment were recorded
for this patient.

The data recorded for patients C,
D and E during treatment subsequent
to the first day are shown in Figures
4 and 5. In patient C, all activations
were made in the clinic and no regular
schedule was followed. Instead, the
appliance was activated daily as much
as possible while still attempting to
keep the maximum force values below
an arbitrary selected figure of 10
pounds. On the fifth day an unusual
decrease in forces was noted which was
later shown to be the result of a back-
ing off of the expansion screw either by
masticatory function or by the patient
manipulating the appliance. Conse-
quently the screw was locked in posi-
tion with brass ligature wire thereafter.
Excluding the data from the fifth day
when this event occurred, it is apparent
that a single activation produced from
24 to 6.2 pounds of force in every
instance. In the first few minutes follow-
ing an activation these forces decayed
rapidly, but the rate of decay also
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Fig. 4 Graphic representations of the forces recorded during the period of treat-

ment of patients C and D.

rapidly decreased and residual forces
were always present. With one or two
activations per day, residual forces
ranging from 1 pound to almost 5
pounds were present at all times. Thus
it might be conjectured that in this pa-
tient the usual activation schedule of
two quarter-turns (or 0.4 millimeters of
expansion) per day maintained a con-
stant expansion force on the facial skele-
ton from about 1 to 13 pounds.

The force values in patient D were
recorded at intervals also throughout
almost the entire treatment, A constant
activation schedule of one quarter turn
of the screw (0.2 millimeters of expan-
sion) every morning and every evening
was followed and about one half of
the activations were done at home by
the patient where strain values were
not recorded. It may be noted in Figure

4 that a single recorded activation of
the screw produced from 3.2 to 8.0
pounds of force. It was also noted that
this force decayed rapidly in the minutes
immediately following an activation, but
that the rate of decay rapidly decreased.
Moreover, residual forces of from about
1 to 6 pounds were always present.
Thus, it is highly likely that in this pa-
tient an activation schedule of two
quarter-turns per day of the expansion
screw maintained a constant expansion
force on the facial skeleton ranging
from 1.5 to 11.5 pounds.

In patient E it was first decided to
attempt to keep the expansion force
again below 10 pounds. However, at-
tempts to utilize half activations (or
one-eighth revolutions of the screw)
proved too difficult for the patient and
therefore the usual schedule of one

$S9008 9811 BIA $|-G0-GZ0Z 18 /woo Alojoeignd-poid-swid-yewlsiem-jpd-swiid)/:sdny wol) papeojumoq



Vol. 34, No. 4

Day of Treatment
1 2 3 4 5 6 7 8

—t + + + et {
22] PATIENT E
£ ogeisk
201
184 "
=
+
~]
16 @
+
J ~
144
. 4
n .

. oy L

EIZ H *

o

$ 1, l i
o

Q ")

-4 L )
8° r ’
=
Qe 1 <
S -~ Qg
2 g
' |l

"
e +
w
5 6 - 1
L]
2
5]l
cad |+
©
+
24
di®
Lt
+ -
01
2 * central inclsors first separated

0 a 8 12 16 20

UNITS OF ACTIVATION
(quorter revolutions)

Fig. 5 Graphic representation of the
force recorded during the period of treat-
ment of patient E.

activation every morning and every eve-
ning was followed for the remainder of
the treatment. The data shown in Fig-
ure 5 are recorded only to the eighth
day of treatment since one of the
gauges was no longer considered ac-
curate after this point due to the ab-
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sorption of moisture. It is significant to
note, however, that after the second day
of treatment the force increases pro-
duced by each activation ranged from
6.2 to 10.3 pounds and residual forces
never dropped below 5.5 pounds. More-
over, an expansion force as high as
22.5 pounds was recorded in this 15:6
year old girl.

DiscussioN

One significant finding in this study
is the magnitude and consistency of the
forces exerted by the expansion-screw
appliance. It is apparent from the illus-
trations that, in the patients studied, a
single activation of the expansion screw
produced from about 3 to 10 pounds
of force. Moreover, as a general pattern
there is also the suggestion that a smaller
load was produced per activation in
the younger patient as compared with
the more mature patients. Since the
force values recorded represent an indi-
cation of the resistance of the facial
skeleton to expansion, this finding sug-
gests that the facial skeleton increases its
resistance to expansion significantly with
increasing maturity and age. On the
other hand, the presence of lower load
values indicates only that the facial
skeleton yielded to the expansion more
readily and does not necessarily indicate
that this is the optimal rate at which
the expansion procedures should be
carried out. It could be hypothesized
that the total expansion might become
physiologically stable in a shorter net
treatment time with expansion proce-
dures carried out at lower forces with
slower activation schedules or less ex-
pansion per activation.

Most of the previous reports in the
literature have stressed the action of
the midpalatal suture during rapid ex-
pansion procedures. However, no sig-
nificant changes in the force values
present during the time the suture
opened were apparent in this study.
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Thus, it must be concluded that the
major resistance to rapid maxillary ex-
pansion apparently is not the midpalatal
suture but the remainder of the maxil-
lary articulations. This finding is in
complete agreement with a recent re-
port of the failure of an expansion screw
to expand the basal structures of a
twenty-two year old male cleft lip and
cleft palate patient. Therefore, the re-
tention of rapid maxillary expansion
cases probably does not necessarily de-
pend on the presence of bone in the
opened midpalatal suture. Rather, the
retention of these cases more probably
relies on the creation of a stable rela-
tionship at the articulations of the
maxilla and the other bones of the
facial skeleton. Even the deposition of
new bone in the midpalatal suture does
not necessarily insure the permanency
of the treatment as long as forces are
present at adjacent maxillary articula-
tions for it is reasonable that relapse
forces can cause the resorption of this
bone just as expansion forces caused
its deposition. Moreover, retention of
these cases based on holding the teeth
alone does not appear to be a rational
approach. For example, if a lingual arch
was soldered to bands on the teeth to
hold the expansion, forces present in
the facial skeleton could conceivably
cause the basal structures to relapse
while the teeth were held at a constant
width. The net result of this occurrence
would be no better than if a dental arch
had been expanded by conventional
orthodontic procedures. Tt should be
noted that in the present study it was
necessary to remove the appliances for
recalibration immediately upon comple-
tion of expansion procedures. Measure-
ments of the dental arch width before
and immediately after removal of the
expansion appliance showed relapses of
as much as twenty per cent of the ex-
pansion achieved. Further studies of
the magnitude and the duration of re-
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lapse forces are in progress.

The rate of force-decay and the re-
sidual forces present are also indicated
in Figures 2, 3, 4 and 5. The limited
data in this study strongly suggest that
the decay immediately following an
activation is rapid, but that the rate of
decay rapidly decreases within several
minutes. Therefore, it would appear
that little advantage is gained by allow-
ing more than approximately five min-
utes between several activations given
on the first day of treatment. On the
other hand, the nearly constant presence
of residual forces and the apparent
cumulative nature of these forces suggest
the possibility that the forces produced
by the third or fourth activation on the
first day of treatment are probably
greater than the forces present later in
treatment. Thus, based on the hypo-
thesis that a constant force level pro-
duces the optimal biological response
and also on safety considerations, it
would appear that two activations on
the first day of treatment would pro-
duce maximum forces more closely ap-
proximating the maximum forces pro-
duced by two daily activations during
the remainder of treatment.

A discussion of the force values pro-
duced during activation and the resid-
ual forces present raises the obvious
question of what is the optimal force
value. Is it necessary to employ 10
pounds of force and over to successfully
expand the maxilla? Based on the pres-
ent data, it would appear that lower
loads may well be capable of producing
equally successful clinical results. Slower
activation schedules or expansion screws
with less expansion per activation should
be tested. It is quite possible that a
constant acting force with a low load
deflection rate may be the most ideal
procedure. Thus, efforts should be di-
rected toward developing a spring force
capable of delivering, for example, only
a few pounds of force over 6 or 8 milli-
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meters of distance. Such a force might
even be effective at significantly lower
levels. Most importantly, work needs to
be done on the effect of large forces on
the sutures of the facial skeleton to
determine the optimal range of forces
required to produce the desired physio-
logic responses in these articulations. It
is only when stability has been de-
veloped at these unions that the stability
of the maxillary expansion procedure
can be assured.

Several other important conclusions
can be made based on the present find-
ings. First, it is apparent that forces of
this magnitude will readily displace a
removable expansion screw appliance.
Thus, while it is certainly possible that
lower load values may produce satis-
factory expansion, it must be assumed
for the present that removable appli-
ances are not indicated for this type of
procedure. Second, compared with what
is currently accepted as optimal force
values for tooth movement, it must be
concluded that inclined plane forces de-
rived from screws are undesirable for
producing single tooth movement.
Therefore, the incorporation of screws
into expansion appliances to move indi-
vidual teeth also appears to be contra-
indicated. Third, the high level of forces
encountered during activation proce-
dures plus the presence of high levels
of residual forces between activations
makes the value of expansion screw ap-
pliances incorporating a spring-loaded
expansion screw exceedingly doubtful.
Since the total expansion potential of
this type of expansion screw is meas-
ured with the spring unloaded and since
the load values encountered would, in
most instances, produce total compres-
sion of the spring, the use of these screws
appears to offer no real advantage. On
the contrary, in our experience the use
of spring-loaded screws served only to
reduce the total expansion capabilities
of the appliance and necessitate more

Forces Present

269

frequently remaking the appliance to
achieve the total expansion desired.
The fundamental differences between
rapid mechanical facial orthopedic pro-
cedures and the more common ortho-
dontic procedures should also be empha-

_sized. Present-day orthodontic me-

chanics are commonly designed to pro-
duce constant gram loads over long
ranges of action in an attempt to pro-
duce, as nearly as possible, physiologic
responses in the bone and periodontal
membrane. Rapid mechanical expan-
ston procedures, on the other hand, pro-
duce heavy forces and are designed to
produce minimal tooth movement and
maximal bone repositioning. The physi-
ologic response to forces such as those
found in this study is at present incom-
pletely described in the literature. It
has been reported that microscopic
examination of the midpalatal suture
following expansion procedures has re-
vealed traumatic changes.? Such find-
ings underscore again the need for more
information regarding the biologic re-
sponse of sutures in the facial skeleton
to relatively heavy forces similar to
those found in this study.
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