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INTRODUCTION

The effect of orthodontic forces upon
the alveolar bone proper has been a
subject of investigation for many years.
The majority of the research has been
of a histological nature. Such studies
have been concerned with the early
reaction of alveolar bone to orthodontic
forces applied to the teeth. Little atten-
tion has been directed toward the con-
dition of the alveolar bone after it has
been subjected to long periods of ortho-
dontic tooth movement and after a full
course of orthodontic treatment has
been completed.

The literature abounds with studies
which indicate that a considerable
amount of pathological destruction of
the alveolar bone proper results from
forces used in moving teeth orthodon-
tically. Much of the literature on this
subject?®192035  would lead one to
believe that there was a particularly
large amount of alveolar bone lost per-
manently at the height of the alveolar
bone proper as a result of the forces
used in the modern orthodontic mech-
anisms. If this is true, it presents a
rather pessimistic outlook for the ortho-
dontist when he considers that he may
be destroying the much needed tooth
supporting bone and thus “aging the
denture”. It would be of value to know
whether or not modern orthodontic
treatment procedures do actually cause
permanent bone loss at the alveolar
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crest and whether there is any dif-
ference between treatment procedures
in this respect. What happens to the
alveolar bone proper when teeth are ex-
truded? What happens to the alveolar
bone proper adjacent to extraction
areas?

The purpose of this study was to
determine by use of intraoral bite wing
roentgenographs: (1.) The anatomical
relationship between the alveolar bone
proper and the cemento-enamel junc-
tion. (2) The amount of change in
height of the alveolar bone proper
which is effected by orthodontic tooth
movement. (3) The difference, if any,
in the change in height of the alveolar
bone proper between cases treated by
nonextraction methods and cases treated
by extraction procedures. (4) The dif-
ference, if any, in the change in height
of alveolar bone proper between cases
treated by the edgewise appliance and
those treated by the Begg appliance.

ReEviEw oF THE LITERATURE

A summary of the literature will be
given on resorption and deposition of
alveolar bone as influenced by ortho-
dontic forces and by systemic and her-
editary factors. Before this is presented
it is appropriate to review the more
recent literature on the anatomy of the
alveolar bone and to define its compon-
ent parts as they are referred to in this
study.

I. THE ALvEoLAR BoNE

Alveolar bone proper: The alveolar
bone proper is the thin, lamellated bone
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Fig. 1 Photograph of a typical intraoral bitewing roentgenograph. Arrows indicate

the structures described in Fig. 2.

which surrounds the root of the tooth
and gives attachment to the principal
fibers of the periodontal membrane.?
Lamina dura is another term for this
specific bone. In roentgenographs it
appears as a thin white line (Fig.
1).202130  Histological analysis has
shown that the newly-formed bone on
the periodontal surface of the alveolar
bone proper which is deposited during
tooth eruption, mesial drift and ortho-
dontic movement is fibrous (bundle
bone). This soon becomes reorganized
into lamellar bone. In roentgenographs
newly-formed fibrous bone appears
thick and radiopaque. The reorganized
lamellar bone appears thinner and
much less radiopaque in roentgeno-
graphs,??

The most occlusal edge of the alveo-
lar bone proper at the mesial and dis-
tal of each tooth, as observed in intra-
oral bitewing roentgenographs, is re-
ferred to here as point Z. This specific
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Fig. 2 Schematic drawing of structures
studied in intraoral bitewing roentgeno-
graph,

area of bone and its relationship to the
cemento-enamel junction are investi-

gated in this study (Figs. | and 2).

The alveolar bone proper is partly
lamellated and partly bundle bone and
has been described as the smallest
amount of lamellated bone containing
Haversian system in the body. It is
perforated by many openings which
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carry the interalveolar blood vessels
and nerves to the periodontal mem-
brane.?*

Supporting alveolar bone: The bone
which surrounds the alveolar bone pro-
per consists of two parts, (1) the com-
pact bone forming the vestibular and
oral cortical plates of the alveolar pro-
cess and (2) the spongy bone between
these two plates and the alveolar bone
proper, The spongy bone is arranged in
trabeculae in the direction of the
stresses of mastication.?

Alveolar crest: The section of inter-
proximal alveolar bone which includes
the free edge of the alveolar process is
called the alveolar crest. Again in this
study the specific area of investigation is
that occlusal portion of alveolar bone
proper on the alveolar crest located
immediately adjacent to the mesial and
distal of the tooth, in this study called
point Z.

Weinman®’ describes the develop-
ment of the alveolar crest during the
second and third stage of tooth eruption
as a formation of parallel trabeculae of
bone, separated by marrow spaces,
“The simultaneous growth at the fun-
dus as well as at the alveolar crest
throughout the life span of the tooth
indicates the tendency to preserve a
relatively constant depth of the alveo-

lus”.

Ritchey and Orban?®?® described a
constant relationship between the free
border of the alveolar bone proper and
the cemento-enamel junction. They
have shown that the shape of the out-
line of the alveolar crest, as seen in
intraoral roentgenographs, depends up-
on the position of the adjacent teeth,
the form of the crowns of the teeth,
and the shape of the cemento-enamel
junction and the width of the teeth. A
flat alveolar crest is normally found in
areas where the adjacent crowns of the
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teeth are strongly convex, e.g., in the
buccal segments, and a more pointed
alveolar crest is found between teeth
which have flat contact areas and ce-
mento-enamel junctions that are ex-
tremely convex toward the incisal, e. g.,
lower incisor area. When teeth are
tipped mesially, as is normal in the
buccal segments, the alveolar crests are
sloped obliquely and thus maintain the
relationship of the cemento-enamel
junction to the free border of the alveo-
lar bone proper.28:2°

The alveolar crest is above the
cemento-enamel junction early in erup-
tion of the tooth but later, during pas-
sive eruption, the crest becomes located
apically to the cemento-enamel junc-
tion.?

Osteoid tissue: When bone has been
damaged and is undergoing repair, the
new bone laid down is at first an imma-
ture uncalcified organic matrix called
osteoid tissue. This bone is highly resis-
tant to resorption.'®2%2% It also remains
relatively radiolucent until it begins to
calcify. As a result, the roentgenogra-
phic visibility of newly-formed bone
lags about two or three weeks behind
the bone’s actual formation.?**® Accord-
ing to Reitan,?* supporting tissues in
the young (12 years old) are in a state
of proliferation even if tooth movement
has not been performed. Along the
inner alveolar bone surface we may
observe layers of newly formed osteoid.
This osteoid covers an underlying area
of newly-calcified bundle bone.

The Cemento-enamel Junction: The
term cemento-enamel junction as used
in this paper refers to the outline of this
junction at the mesial and distal of the
tooth as observed in the intraoral
bitewing roentgenographs. At the mesial
and distal of each tooth, the cemento-
enamel junction is occlusally convex.
The most occlusal part of this convexity
is the point measured in this study.
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II. ResorPTION AND DEPOSITION OF
ALvEoLAR BonNe PrOPER as IN-
FLUENCED BY ORTHODONTIC FORCES

There are several local factors which
influence resorption and deposition of
the alveolar bone proper, inflammation
due to local infection and mechanical
irritation, variation in function of the
masticatory apparatus, and forces used
in orthodontic tooth movement. The
latter will be considered here.

Reviews of the literature on the
early tissue response to orthodontic
tooth movement have been presented by
Stuteville,®® Oppenheim,'®* Reitan,?®
Halderson,*® and Storey.** Most of the
work has been of a histological nature
and has been concerned with the
early phase of tissue reaction to tooth
movement. The greatest part of the
tooth movement which is accomplished
by orthodontic mechanics results in
tipping of the tooth with the fulcrum of
the movement located slightly occlusally
to the apex of the root. This conse-
quently results in affecting the alveolar
bone proper at its free edge. The initial
reaction of the periodontal tissue in
this area to the forces applied to a
tooth within the limits of tolerance is
manifested in resorption of alveolar bone
proper on the side of pressure and
deposition of bone on the traction side.
4,7,8,18,19,23,31, 34,38

The initial tissue reaction varies with
the nature of the force. Referring to
continuous forces within the tolerance
of the tissues, Reitan?® states, “The
initial tissue reaction called forth in
young patients incident to application
of continuous forces, consists of a depo-
sition and widening of osteoid tissue at
the tension side and bone resorption
rapidly increasing with time on the
pressure side”. When strong forces are
used in excess of the tolerance of the
tissues, then some pathological respon-
ses result. The tooth movement crushes
the periodontal membrane and pro-
duces necrosis of the periodontal fibers
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and alveolar bone proper at the pres-
sure side (primarily at the free edge of
alveolar bone proper); the bone ap-
pears aplastic and undergoes resorption
at this area.?®*® On the tension side the
periodontal space is widened, many
fibers are torn and vessels ruptured,
new spicules of bone develop in the
form of osteoid tissue, and undermining
resorption (resorption from the rear)
begins.lﬁ,20‘35,38

Reitan has described the initial tissue
response to tooth movement in detail
In tipping action?*2® and combination
bodily and tipping movement*” he dem-
onstrates that a compressed osteoid
tissue develops which is cell free (and
sometimes referred to as hyalinized
area) on the pressure side of the root
even if the force applied is light (25
grams). There appears to be less osteoid
tissue formation in bodily movement
than in tipping of a tooth. This cell-free
osteoid tissue does not seem to resorb
directly but remains for two or three
weeks until undermining resorption
takes over, histologically the under-
mining resorption is characterized by
presence of many osteoclasts.?®2%27 In-
terestingly, Reitan indicates that after
this initial tissue reaction with contin-
uous light force the tooth moves more
rapidly than with heavy and intermit-
tent force.

The forces applied to a tooth may
vary considerably. The response of the
periodontal tissues depends upon the
amount of force, duration of force, and
the distance through which it is ac-
tive 19163734 Tt has been emphasized
that duration of force influences the
amount of resorption and deposition of
alveolar bone more than the amount of
force applied.?®

The rate of movement of teeth or
the rate at which the bone undergoes
resorption and deposition depends upon
the amount of force used and the
length of time it is applied.?®3* Sto-
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rey** indicated that on maxillary cus-
pids an optimum range of force of 200
to 162 grams would produce a maxi-
mum rate of tooth movement.

It has been suggested that the ideal
forces for orthodontic tooth movement
should remain below 23 grams per
square centimeter (capillary pres-
sure.)® This cannot possibly be carried
out clinically by use of present ortho-
dontic appliances.’**%1% Actually we
depend upon some capillary collapse
to facilitate the tissue reactions neces-
sary for tooth movement.*

It is impossible to affix a value to the
forces which are within the limits of
tolerance because they vary among in-
dividuals and depend upon hereditary
predisposition and systemic factors.
Logically, a force may be considered
beyond the limit of tolerance when it
produces necrosis of the tissue on the
side of pressure and resorption on the
side of tension. According to Huettner
and Whitman' light forces produce
the least amount of damage to perio-
dontal tissues.

It is appropriate to consider the
general physiological response of bone
to applied forces to understand fully
the bone reactions discussed above.
Bone differs in its structure depending
upon whether it is primarily subjected
to tension or pressure, It is constructed
in adaptation to various pressures and
tensions and their direction of appli-
cation. Anatomically this is expressed in
the different tissues which cover bone
surfaces; surfaces under pressure are
covered by an avascular tissue while
areas under tension are covered by
vascular tissue, The alveolar bone pro-
per is primarily under tension because
forces applied to the tooth are trans-
mitted to the bone as tension via the
periodontal fibers. An increase of the
normal forces of pressure or tension
within limits of tolerance leads to
deposition of new bone. If forces are
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beyond the limits of tolerance, resorp-
tion of bone will result whether the
force produces pressure or tension. Very
slight pressure is needed to cause resorp-
tion of bone which is normally adapted
to tension.®

There has been little research done
on the condition of the alveolar bone
proper following orthodontic tooth
movement and after the physiological
and pathological processes have sub-
sided. Some men believe that there
is unrepairable damage to the alveo-
lar crest following orthodontic treat-
ment;'%2%36 another school feels that
there are insignificant bone changes
sustained after tooth movement.®

III. RESORPTION AND DEPOSITION OF
THE ALVEOLAR BONE PROPER As
INFLUENCED BY SYSTEMIG AND
HEeReDITARY FACTORS

Certain systemic diseases seém to be
related to an abnormal amount of al-
veolar bone resorption.?* Glickman pro-
moted the idea of a “bone factor”
which is a summation of systemic fac-
tors influencing alveolar bone health.
He states that the “bone factor” may
be altered sufficiently to produce al-
veolar bone destruction without any
local cause, “The bone factor envisions
systemic participation in all cases of
periodontal disease”.® He also specu-
lated on the relationship of the general
adaptation syndrome in response to the
cause of periodontal disease. It has
been demonstrated by several men that
alveolar bone will regenerate following
the elimination of pathology and dis-
ea‘se‘l,Z,SZ .

It has been evident many times that
alveolar bone is dependent in form on
the development of the tooth germs and
roots, The free border of the alveolar
bone proper maintains a constant ana-
tomical relationship with the tooth as
shown by Ritchey and Orban?®?® and
Glickman.” Glickman,® through studies
of starvation diets and removal -of
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TABLE 1
Months of
Age Treatment clL.I CLII cLII
Number Range Range Males Females Div.1 Div. 2
Nonextraction 15 11.0- 13.7 6-27 6 9 10 2 3
Extraction
U-4s 3 11.0- 13.0 18-30 1 2 0 3 0
Extraction
U-4s Edgewise 32 10.5- 13.0 12-31 11 21 23 9 0
L-4s
Extraction
U-5sEdgewise 5 10.5- 12.3 11-22 1 4 5 0 0
L-5s
Extraction
U-4sEdgewise 8 11.5- 13.0 17-29 3 5 3 5 0
L-5s
Extraction
U-4s Begg 13 115 13.0 11-33 3 10 2 11 0
L-4s
functional antagonists in animals, cases were studied. Sixty-one cases

showed that, as the tooth erupted, the
alveolar crest continued to show ap-
position of bone to maintain its anato-
mical relationship with the tooth. He
pointed out that local causes activate
deposition of alveolar bone but that the
deposition is regulated by systemic in-
fluences.

McLean®** has proposed an interest-
ing biochemical hypothesis as to the
mechanism of bone resorption. He
points out that, in order to resorb bone,
all the matrix, the mineral and serologi-
cal content must be reduced to a com-
pound which is soluble in water and
can be transposed to the blood. He ex-
plains that bone resorption is a physio-
logical process as well as pathological
and osteoclasts are always present. Ac-
cording to his hypothesis the osteoblast
undergoes a change and liberates a his-
tamine-like product which then reduces
the ground substances to elaborate an-
other material which sends the osteo-
clast into action as the resorbing agent.
He belicves this to be an enzymatic
mechanism.

MATERIALS AND METHODS

Intraoral bitewing roentgenographs
from seventy-six completed orthodontic

were selected at random from the files
of the University of Washington De-
partment of Orthodontics and fifteen
cases were obtained from private prac-
tice. Fifteen cases were treated by non-
extraction procedures using the edge-
wise appliance and fifty-five cases were
treated by extraction of bicuspid teeth.
Further, among the extraction cases
forty-eight were treated by edgewise ap-
pliance technique and thirteen by Begg
appliances. The distribution of the
sample as to type of treatment, age and
sex of the patient, length of treatment,
and original malocclusion is given in

Table 1.

Fifty-three cases were treated by use
of the edgewise appliance, The primary
effort with this appliance method was to
retract cuspids with minimal amount of
tipping. Whereas, with Begg technique,
rapid tipping of the cuspids was the ob-
jective followed by uprighting of the
root.

Measurements of the distance from
the alveolar bone proper at point Z to
the cemento-enamel junction were
made on intraoral bitewing roentgeno-
graphs taken immediately before treat-
ment and immediately after treatment.
The following areas in the right and
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TABLE 11
D-3 M-4 D-4 M-5 D-5 M-6 D-6 M-7 Total
Maxilla
Nonextraction 21 27 28 26 23 25 14 12 176
Extraction U-48 55 —_ — 79 81 79 65 52 411
(Edgewise)
Extraction U-5s 6 6 10 — — 9 4 4 39
(Edgewise)
Extraction U-4s 11 —_ — 19 16 16 12 12 86
(Begg)
Total 93 33 38 124 120 129 95 80 712
Mandible

Nonextraction 17 19 36
Extraction L-4s 40 — —_
(Edgewise)

Extraction L-4s 11 — —
(Begg)

Extraction L-b6s 14 13 23
(Edgewise)

32 30 34 30 25 223
55 53 58 60 57 323

16 18 19 20 20 104

— — 25 23 21 119

Total 82 32 59

left sides of the maxilla and mandible
were recorded from each set of roent-
genographs: distal of the cuspid (D-3),
mesial of the first bicuspid (M-4), distal
of first biscuspid (D-4), mesial of second
bicuspid (M-5), distal of second bi-
cuspid (D-5), mesial of first molar
(M-7). The degree of accuracy of meas-
urement was 0.5 mm. The number of
measurements made of each area is

shown in Table II.

From tests made on a dried human
skull it was found that the most occlusal
point of the convexity of the cemento-
enamel junction on the mesial and
distal of the tooth was the point
measured on the roentgenographs.

Before and after treatment lateral
cephalometric roentgenographs were
used to study the amount and charac-
ter of orthodontic tooth movement that
occurred in the first bicuspid extraction
cases.

FINDINGS AND DiscussIoN
This study is primarily concerned
with the ultimate condition of the al-
veolar bone proper after major ortho-
dontic treatment.

103 101 136 133 123 769

1. Validity of the Method of Investi-
gation

A test of the method was carried out
on a dried human skull. The specimen
was anchored and a series of intraoral
bitewing roentgenographs was taken in
which the angulation of the x-ray beam
varied in both the horizontal and verti-
cal planes. The influence of the change
in angulation upon the accuracy of
measurements from the cemento-enam-
al junction to the alveolar bone proper
at point Z in the various areas was
calculated. The standard settings for
bitewing roentgenographs used were a
horizontal angle of 60° and a vertical
angle of 48°. A range of variation of
the horizontal angle of plus or minus
10° from the standard gave consistent
measurements to the nearest 0.5 mm;
beyond this range accuracy decreased.
A range of variation of the vertical
angle of plus or minus 8° from the
standard gave consistent measurements
to the nearest 0.5mm; beyond this
range accuracy decreased. The exposure
time had little effect upon the roent-
genographic interpretation.
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TABLE II1
ANATOMICAL MEASUREMENT IN MILLIMETERS BETWEEN
THE RELATIONSHIP OF ALVEOLAR BONE PROPER AT
POINT Z AND THE CEMENTO-ENAMEL JUNCTION
D-3 M-4 D-} M-5 D-5 M-6 D-5 M-7
Maxilla
(Edgewise)
Mean 0.63 0.53 0.82 0.28 0.61 0.40 0.40 0.38
S. D. 0.49 0.51 0.35 0.61 0.49 0.59 0.48 0.84
S. Em 0.05 0.09 0.06 0.06 0.05 0.06 0.05 0.10
Mandible
(Edgewise)
Mean 0.54 0.11 0.53 0.34 0.27 0.40 0.28 0.29
S. D. 0.49 0.64 0.43 0.44 0.56 0.44 0.52 0.38
S. Em 0.06 0.11 0.06 0.05 0.06 0.04 0.05 0.04

The bitewing roentgenographs were
used because of the standardized tech-
nique in taking them and the more than
ample range of latitude and longitude
which could be allowed and yet produce
accuracy in the interpretation.

The accuracy with which bone loss
could be determined by roentgenogra-
phic interpretation was found to be to
the nearcst 0.5 mm. This was done by
comparing measurements from intra-
oral bitewing roentgenographs with
direct measurements of burr cuts made
on a dried human skull specimen. A
bone loss of less than 0.5 mm was not
considered a significant amount.

I1. Measurement of the Anatomical
Relationship of the Alveolar Bone
Proper at Point Z to the Cemento-
enamel Junction

There is no record in the literature of
the anatomical distance between the
alveolar bone proper at point Z and the
cemento-enamel junction at the mesial
and distal of the teeth., Such measure-
ments were obtained before beginning
orthodontic treatment from sixty-three
patients used in this study. The age
range of this group of children was
from ten years to sixteen and one-half
years. The means, standard deviations,
standard errors of the means, and the
ranges are recorded on Table III. The

mean relationships show a range of 0.28
mm to 0.82 mm in the maxilla and
0.11 mm to 0.86 mm in the mandible.
The standard deviation is less than 0.84
mm in the maxilla and less than 0.64
mm in the mandible. In millimeters
of measurement, the standard devia-
tions are small. These figures demon-
strate a fairly constant relationship be-
tween the alveolar bone proper at point
Z and the cemento-enamel junction,

I111. Change in the Relationship of the
Alveolar Bone Proper at Point Z
to the Cemento-Enamel [unction
Subsequent to Orthodontic Treat-
ment

The change in the relationship of the
alveolar bone proper to the cemento-
enamel junction subsequent to ortho-
dontic treatment was obtained by meas-
uring the distances from point Z to the
cemento-enamel junction on the before
and after treatment roentgenographs.
The difference between the two meas-
urements indicated the amount of bone
loss, if any.

The seventy-six cases were divided
into treatment groups, maxillary non-
extraction, maxillary first bicuspid ex-
traction (edgewise treatment), maxil-
lary first bicuspid extraction cases (Begg
treatment), maxillary second bicuspid
extraction (edgewise treatment), and
the same groups for the mandible.
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Statistical data, means, standard devia-
tions, standard errors of the means, and
ranges were computed for the areas

measured (Tables IV and V).

It was of particular interest to deter-
mine the effect upon the alveolar bone
proper at point Z of moving teeth into
extraction areas. First bicuspid extrac-
tion cases were compared with nonex-
tractions, and extraction cases with
edgewise treatment were compared with
Begg extraction cases (Tables IV and
V).

Generally, the means indicate a slight
amount of bone loss of less than 0.5
mm; most of the standard deviations
are less than 0.5 mm. The pattern of
distribution is similar in all groups.

Specifically, in the maxillary groups
the greatest mean bone loss (.57 mm)
occurred at the mesial of the second
bicuspid (M-5) in the first bicuspid
extraction edgewise treatment group.
The largest standard deviation (.83
mm) occurs in the same area. Interest-
ingly, in the extraction Begg treatment
cases the mean change in bone height
was 0.0 at distal of cuspids and mesial
of second bicuspid.

The mandibular measurements are
generally less than those for the maxilla.
The largest mean bone loss (.32 mm)
occurs at the distal of the cuspid (D-3)
in the second bicuspid extraction (edge-
wise treatment group). The standard
deviation (.48 mm) is small. The ex-
traction cases with edgewise treatment
or Begg treatment compare favorably.

There is no mean or standard devia-
tion in this study which could indicate
a “large amount of bone destruction”
(only one above 0.5 mm) of the alveo-
lar bone proper at point Z, as is proven
in the statistical analysis.

The change in the relationship of
point Z to the cemento-enamel junction
ranged from —2.0 mm to +2.5 mm for
the entire study. The greatest range
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(—2.0 mm to +2.0 mm) in any one
area occurred in the maxilla at the
mesial of the first molar in the first
bicuspid extraction group. Actually,
from the entire study of more than one
thousand measurements there was one
measurement of —2.0 mm, four meas-
urements of —1.5 mm, forty-five meas-
urements of —1.0 mm, one measure-
ment of +2.5 mm, five measurements
of 4+2.0 mm, and nineteen measure-
ments of +1.5 mm. The majority of
measurements were between —0.5 mm
and 41.0 mm, a small distribution
about the means as was indicated by
the standard deviations.

It was of particular interest to eval-
uate whether there was any difference
in the effect upon the change in the re-
lationship of point Z to the cemento-
enamel junction between nonextraction
and extraction treatment and between
extraction edgewise and extraction Begg
cases. The Student “t” test was applied
to evaluate the difference between the
means of the various groups.

The findings show that there is no
difference in change in the relationship
of point Z to the cemento-enamel junc-
tion between extraction and nonextrac-
tion cases, and between edgewise and
Begg cases.

The differences in change in the rela-
tionship of point Z to the cemento-
enamel junction in bone areas adjacent
to extraction of first bicuspids in the
edgewise cases were compared with
comparable areas in nonextraction
cases, The Student “t” test was used to
determine that no significant difference
exists between these two groups in any
of the areas studied. Therefore, moving
teeth toward an extraction area had no
specific sustained effect upon the alveo-
lar bone proper at point Z.

Extraction cases with the Begg appli-
ance demonstrated similar relationships
in axial inclination of bicuspids and cus-
pids. Interestingly enough, the rapid
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TABLE IV

THE AMOUNT OF CHANGE IN MILLIMETERS
FOLLOWING TREATMENT IN THE MAXILLA

D-3 M-4 D-4 M-5 D-5 M-6 D-6

Maxilla
Nonextraction
(Edgewise)
Mean 0.21 0.27 -0.09 0.38 0.06 0.24 -0.12
S. D. 0.37 0.34 0.45 0.61 0.37 0.41 0.34
S. Em 0.08 0.07 0.09 0.12 0.08 0.08 0.09
Extraction U-4s
(Edgewise)
Mean 0.27 —_ - 0.57 0.04 0.13 -0.04
S. D. 0.42 — — 0.83 0.54 0.59 0.41
S. Em 0.06 — — 0.09 0.06 0.06 0.05
Extraction U-5s
(Edgewise)
Mean 0.25 0.42 0.00 — —_ 0.11 0.50
S. D. 0.38 0.34 0.02 — — 0.51 0.79
S. Em 0.19 0.15 0.07 _ — 0.18 0.46
Extraction U-4s
(Begg)
Mean 0.0 —_ — 0.0 0.17 0.27 0.14
S. D. 0.15 — — 0.08 0.12 0.21 0.21
S. Em 0.04 — — 0.02 0.08 0.01 0.06
TABLE V
THE AMOUNT OF CHANGE IN MILLIMETERS
FOLLOWING TREATMENT IN THE MANDIBLE

D-3 M-4 D-4 M-5 D-5 M-6 D-6
Mandible
Nonextraction
(Edgewise)
Mean 0.12 0.18 0.10 -0.02 0.07 0.19 0.10
S. D. 0.27 0.43 0.31 0.42 0.34 0.45 0.30
S. Em 0.07 0.10 0.05 0.07 0.06 0.08 0.06
Extraction L-4s
(Edgewise)
Mean 0.14 — — 0.10 0.02 -0.09 0.12
S. D. 0.45 — — 0.47 0.35 0.52 0.45
S. Em 0.07 _ — 0.06 0.05 0.07 0.06
Extraction L-5s
(Edgewise)
Mean 0.32 0.23 0.09 —_ — 0.02 0.22
S. D. 0.48 0.70 0.50 — _ 0.49 0.50
S. Em 0.13 0.20 0.11 — — 0.10 0.13
Extraction L-4s
(Begg)
Mean 0.18 —_ —_ 0.38 0.22 0.33 0.29
S. D. 0.17 — — 0.27 0.27 0.25 0.17
S. Em 0.05 — — 0.07 0.06 0.06 0.04

0.50
0.45
0.14

0.20
0.57
0.08

0.12
0.54
0.31

0.14
0.25
0.07

0.04
0.31
0.06

0.12
0.39
0.05

-0.07
0.39
0.09

0.23
0.36
0.08
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TABLE VI

Extrusion of 2 MM or More No Change In Tooth Level
Area M D M D M D M D
Measured U-56 U-3,56 U-5,6 U-3,56 U-56 TU-3,56 U-56 U-3,5,6
Change 'in
Height of .36 12 .06 .25 .26 .08 A7 .18
Alveolar Bone
Proper
Number of
Teeth 15 20 23 26 16 25 9 17
Range of
Extrusion  2to7 2to7 2to5 2to5 0 0 0 0
Mean
Extrusion  2.75 3.12 2.84 2.91 0 0 0 0

tipping of cuspids in the first stage of
Begg technique, followed by uprighting
of the roots, had no different effect on
the alveolar bone proper at point Z
than did the conventional edgewise
management of the cuspids.

The effect of extrusion of the teeth
on the relationship of point Z to the
cemento-enamel junction was investi-
gated. Twenty-eight cases were selected
in which the teeth exhibited two milli-
meters or more of extrusion. The
amount of extrusion of the teeth was
determined by measurements from be-
fore and after treatment cephalometric
headfilms. Measurements were made on
tracings from the palatal plane or man-
dibular plane to the occlusal surface of
the respective tooth. A control group
which showed no change in tooth
height was selected from the same
tracings. The range and mean of ex-
trusion of the teeth are shown on
Table VI. The mean change in the re-
lationship of point Z to the cemento-
enamel junction of these teeth was
measured from the intraoral bitewing
roentgenographs and recorded in Table
VI

There is no significant amount of
bone loss (less than 0.5 mm) in any of
the areas of extruded teeth, The “t” test
proved no difference between extruded
or nonextruded tooth areas. Therefore,
it is shown that the relationship of al-
veolar bone to cemento-enamel junc-

tion remains constant when teeth are
extruded. The bone follows the tooth.

CONCLUSIONS

1. The relationship of the alveolar
bone proper at point Z to the cemento-
enamel junction at the mesial and dis-
tal of the teeth in the intraoral bitewing
roentgenograph can be measured to the
nearest 0.5 mm.

2. The measurement of the distance
of point Z to the cemento-enamel junc-
tion for the sample group of children
studied was found to range between a
mean of 0.11 mm and 0.84 mm in the
bone areas. A standard deviation of less
than 0.84 mm in all areas was found.

A table of means of the relationship
between the alveolar bone proper at
point Z and the cemento-enamel junc-
tion is presented for the mesial and
distal of teeth in the buccal segments.

3. A slight general decrease in the
height of the alveolar bone proper of
less than 0.5 mm was observed follow-
ing orthodontic treatment. Could this
be a normal two-year change in child-
ren ten to sixteen years of age?

4. There was no significant difference
in the change of the height of point Z
to the cemento-enamel junction be-
tween the nonextraction cases and cases
in which first bicuspids had been ex-
tracted, or between first bicuspid extrac-
tion cases treated by edgewise appliance
or Begg appliance.
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5. Moving teeth toward an extrac-
tion area had no specific effect upon
the alveolar-bone proper at point Z.

6. Extrusion of teeth during ortho-
dontic treatment had no specific effect
upon the alveolar bone proper at point
Z. The bone appeared to follow the
tooth, and a constant relationship be-
tween the height of the alveolar bone
proper and the cemento-enamel junc-
tion was maintained.

7. It is concluded that, in children in
good health, the alveolar bone proper
at point Z follows the tooth as it is
moved mesiodistally or occlusally in or-
thodontic treatment, thereby maintain-
ing a constant relationship between
peint Z and the cemento-enamel junc-
tion. It is also recorded that this con-
stant relationship is maintained both
through bodily movement as well as tip-
ping movement of teeth.

2001 State Tower Bldg.
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