Effect Of Extraction Of Deciduous Molars On
The Formation And Eruption Of

Their Successors
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Boston, Massachusetts

Effects of environmental insults on
the rate of tooth formation and the
eruptive movement of permanent teeth
have been determined in children with
premature loss of deciduous teeth owing
to dental caries and occasional abscess
formation.

The material, consisting of lateral
jaw radiographs taken at six-month
intervals, is obtained from “The Longi-
tudinal Studies of Child Health and
Development” directed by Dr. Harold
C. Stuart at the Department of Mater-
nal and Child Health, School of Public
Health, Harvard University.?? The For-
syth Dental Infirmary collaborates in
this project by analyzing various aspects
of dental development of these child-
ren.3,4,5,6,7,8

From the total of 134 individuals,
four boys and four girls were selected
who had undergone early and unilateral
extraction of a deciduous molar. Tooth
development and eruption of the anti-
mere could be used as a control since
radiographs were available for both the
left and right teeth of all children.

The development of the premolars
was determined by assessing the amount
of crown and root formation in each
radiograph with reference to total tooth
length, following the method of Fan-
ning® for serial data. In addition, the
distances from the tip of the highest
cusps to the alveolar bone crest were ob-
tained from the radiographs as an esti-

* This study was supported in part by
funds from N.I.LH. Grant D743.

DDS.*

mate of the onset of eruption and the
distance that the developing tooth
moved. A sliding caliper, equipped with
a vernier scale, was used for all mea-
surements to make readings of 0.1 mm
possible.

The emergence of the premolar
through the alveolar bone crest was
noted whenever possible and, in some
instances, the time of its clinical emer-
gence could also be determined.

FINDINGS

Four analyses were made where ex-
traction of the deciduous first molar in
males occurred between the ages of 4.0
and 4.5 years, 5.5 and 6.0 years, and
extraction of the deciduous second mo-
lar between 7.5 and 8.0 years, as well as
between 9.0 and 9.5 years. Similarly in
females, four records were examined
with extraction of the deciduous first
molar between 4.0 and 4.5 years, 6.0
and 6.5 years, 8.5 and 9.0 years, as well
as of the deciduous second molar be-
tween 7.0 and 7.5 years.

The ages of the children at the time
of extraction and the teeth extracted arc
shown in Table 1. The findings for each
child are presented graphically in Fig-
ures 1 to 8 including the stages of tooth
formation and the eruptive movement,
expressed as distances from the tip of
the cusp to the alveolar margin for the
premolar and its control on the non-
extraction side. Moreover, the findings
for each individual are discussed in the
legends of these figures.

Two conclusions apply consistently to
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TABLE 1
The material studied related to specific teeth and age at extraction

Boys Girls
Tooth extracted Age at extraction Tooth extracted Age at extraction
Years Years
dm 4.0-4.5 dm 4.0-4.5
dm, 5.5-6.0 dm, 6.0-6.5
dm, 7.5-8.0 dm, 7.0-1.5
dm, 9.0-9.5 dm, 8.5-9.0

the eight analyses reported. Firstly, in
all instances the rate of formation of the
premolar did not change after the ex-
traction of its deciduous precursor.
Secondly, an immediate spurt occurred
in the eruption of the premolar follow-
ing extraction of the deciduous molar
regardless of its stage of development

and the age of the child.

Depending on the timing of extrac-
tion, further conclusions can be drawn
from these data. Extraction of a decidu-
ous molar before the premolar crown
was completely formed resulted in a
brief spurt in eruption that levelled off,
the tooth remaining stationary until the
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Fig. 1. At 4.0 years the developing left and right first premolars of this boy were
situated 6.0 mm below the alveolar bone crest and one-fourth of their crowns had been
formed. Between 4.0 and 4.5 years of age, the deciduous left first molar was extracted
and in this same time interval the developing premolar crown erupted 2.0 mm towards
ithe alveolar crest. However, the rate of crown formation did not change compared to
its antimere. The position of both premolars in the mandible remained stationary
from 4.5 to 8.5 years of age and the subsequent development was the same for both
teeth. At 8.5 years of age there was no apparent loss of space in the dental arch, as
happens frequently because of drifting of the neighbouring deciduous teeth. The per-
manent caninegs were still comparatively immature and not yet actively erupting.

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



46 Fanning January, 1962

root commenced to form. Thereafter, barrier to the erupting permanent tooth,
eruption of the premolar occurred while the presence of a resorbing de-
again, sometimes at a slower speed than  ciduous precursor facilitates the erup-
that of the control tooth on the opposite  tion of the permanent tooth by provid-
side of the mandible. In contrast, ex- ing a pathway for it through the alveo-
traction of a deciduous molar at a later lar bone.
period when the premolar was well The eruption of the permanent suc-
along in root formation and actively cessor was accelerated in the presence
erupting resulted in accelerated move- of an infected deciduous tooth with
ment and early emergence of the pre- abscess formation. Extensive bone de-
molar. struction accompanying long-standing
Retarded eruptive movement and necrosis resulted in very early emer-
clinical emergence of a premolar after gence of the premolar, sometimes with
early extraction of the deciduous molar immature root development. Migration
may be explained by the formation of of the premolar was also observed occa-
scar tissue that provides a mechanical sionally.

Alveolar emergence
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Fig. 2. At 5.0 years the developing left and right first premolars of this boy were
situated 6.0 mm below the alveolar crest, and in both instances, one-half of the crown
was formed. The deciduous left first molar was abscessed, the root ‘disintegrated and
the surrounding bone destroyed, resulting in 1.0 mm eruption of the left first pre-
molar in six months. Between 5.5 and 6.0 years of age, the deciduous left molar was
extracted and the premolar erupted 2.0 mm, but no change occurred in its rate of
formation compared with the antimere on the non-extraction side. At 7.5 years of
age when the left premolar was at stage “root initial”, it again began to erupt and
emerged through the alveolar crest at 10.0 years with two-thirds of its root formed.
The control, the right premolar, remained stationary until 8.0 years when the root
wag one-quarter formed. Subsequently, its eruptive movement commenced and at 10.0
years it was 2.0 mm from the alveolar bone crest. At 10.0 years there was no apparent
loss of space in the dental arch as frequently occurs after drifting of neighbouring
deciduous teeth. The permanent canines were still comparatively immature and not
yet actively erupting. The formation of the premolars on the extraction and nonex-
traction sides conformed closely at all ages.
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In two instances, as shown in Figures
5 and 6, the premature loss of the de-
ciduous mandibular first molar in girls
resulted in an impaction of the first
premolar because of the rapidity of
development and early emergence of
the permanent canine. In boys, on the
other hand, impaction of the first pre-
molar is less likely to occur since the
permanent canine develops at a slower
rate and emerges later than in girls.

The loss of the deciduous mandibular
second molar in both boys and girls may
result in impaction of the second pre-
molar due to mesial drifting of the per-
manent first molar.

Eruption
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Discussion

In preventive orthodontics serial ex-
traction is essentially concerned with in-
fluencing the eruption of the permanent
teeth by extraction of their deciduous
predecessors. In pedodontics, the indica-
tion for space maintenance has to be
defined frequently when deciduous teeth
are lost. The data presented attempt to
give a better evaluation of these prob-
lems.

For optimum results in serial extrac-
tion a deciduous tooth should be re-
moved at a time when the permanent
successor will emerge without delay. It
has been shown in the present study
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Fig. 3. At 4.0 years the developing left and right second premolars of this boy were
situated 5.0 mm beneath the alveolar crest of the mandible and both crowns were
one-fourth formed. At 7.0 years of age, when both were at stage “root initial”, the
left and right second premolars commenced eruption. After abscess and extraction
of the deciduous right second molar between 7.5 and 8.0 years of age, the right pre-
molar rapidly erupted 3.0 mm in six months and it emerged through the alveolar
crest at 8.5 years when one-half of the root was formed. The left premolar erupted
more slowly and alveolar emergence occurred at 9.5 years when the root was three-
fourths formed. At 9.5 years of age, the right premolar was impacted and unable to
emerge clinically because the mesial drift of the permanent first molar blocked its
further movement. Beginning at 6.0 years of age, the development of the left pre-
molar was one stage in advance compared with that of the right premolar,
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that extraction of a deciduous molar at
any age causes a brief spurt in premolar
eruption, but the timing of clinical
emergence is not necessarily affected. In
fact, early extraction may result in de-
layed eruption and emergence. Correct-
ly planned extraction at a later period
will result in accelerated emergence.
The timing of extraction should be
based on the developmental stage of the
tooth and should coincide with its phase
of active eruption.

It has been shown by Gr¢n® that pre-
molars emerge when one-half to three-
fourths of their roots are formed but
canines have slightly more root forma-
tion at emergence. Therefore, a decidu-
ous tooth should not be removed until
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its permanent successor has an appro-
priate amount of root formation or at
least one-fourth to one-half of the root
length.

It is also necessary to consider the
ages at which the root stages mentioned
are reached, as well as the duration, or
interval, between these stages. From
longitudinal data of dental develop-
ment'® the mean age and standard de-
viation of attaining the one-fourth, one-
half and three-fourth stages of root de-
velopment in males and females for the
canine, first premolar and second pre-
molar are presented in Table II. The
average duration of these stages is
shown in Table III for the canine and
premolars of males and females. This
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Fig. 4. At 5.5 years of age the developing left and right second premolars of this boy
were situated 6.6 mm from the alveolar crest of the mandible and one-half of both
crowns was formed. At 7.5 years, root formation commenced and the teeth began to
erupt. At 9.0 years both teeth were 5.0 mm from the alveolar crest. Between 9.0 and
9.6 years of age, the right deciduous second molar was extracted and the right pre-
molar moved 5.0 mm in six months emerging through the alveolar crest at 9.5 years
when the root was one-half formed. The left premolar erupted more slowly and at
10.0 years of age it was still 2.0 mm below the alveolar crest. The same rate and
pattern of tooth formation occurred throughout the observation period in the left
and right premolars.
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TABLE II

Mean age of attaining various root formation stages

Canine Pm Pm

1 2
Age of attainment Age of attainment Age of attainment
Standard Standard Standard
Mean Deviation Mean Deviation Mean Deviation
Stage Sex Years Years Years Years Years Years
Root 14 M 5.74 0.63 6.88 0.74 1.75 0.83
P 5.30 0.59 6.49 0.71 7.650 0.80
Root 3% M 8.06 0.86 8.68 0.91 9.39 0.98
F 7.10 0.76 8.15 0.87 8.79 0.93
Root 34 M 9.65 1.01 9.94 1.04 10.75 111
¥ 8.31 0.88 9.20 0.96 10.03 1.04
Root full M 10.21 1.07 10.45 1.08 11.61 1.20
length P 8.86 0.93 9.89 1.03 10.70 111
open apex
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Fig. 5. At 4.0 years of age the developing left and right first premolars of this girl
were situated 6.0 mm below the alveolar crest of the mandible and one-half of the
crown was formed in both instances. Between 4.0 and 4.5 years of age, the deciduous
right first molar was extracted and the right premolar erupted 1.0 mm, but no change
occurred in its rate of formation. Both premolars remained stationary thereafter until
their roots commenced to develop. At 6.0 years of age, the right premolar at stage
“root initial” began eruption and it moved 3.0 mm in 1.5 years. At 7.5 years of age
the permanent canine commenced its eruption causing the movement of the right
premolar to slow down and to .cease eruption for a time. Alveolar emergence of the
canine resulted in the premolar remaining 1.0 mm from the alveolar crest, temporarily
impacted, with its root three-fourths formed. At 6.5 years, at stage ‘‘root initial”, the
left premolar commenced to erupt. The permanent left canine began eruption at 7.5
years and emerged through the alveolar crest between 8.5 and 9.0 years of age. Be-
tween 9.0 and 9.5 years the deciduous left first molar was exfoliated and the pre-
molar emerged through the alveolar crest and also clinically, at 9.5 years, when the
root was three-fourths formed. The rate of crown and root formation for both pre-
molars was the same at all ages.
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Mean time interval between various stages of root formation

Fanning

TABLE III
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Canine Pm, Pm,
Mean tinee Mean time Mean time
interval interval interval
Stage interval Sex Years Years Years
Root 14 -1 M 2.32 1.70 1.64
" 1.80 1.66 1.29
Root -3 M 1.59 1.36 1.36
F 1.21 1.05 1.24
Root 3 -root M 0.56 0.51 0.86
full length open F 0.55 0.69 0.67
apex
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Fig. 6. At 5.0 years of age the developing left and right first premolars of this girl
were situated 7.0 mm beneath the alveolar crest of the mandible and both crowns were
two-thirds formed. At 5.5 years the deciduous left first molar was abscessed and bone
destruction was noted. Between 6.0 and 6.5 years of age, the deciduous left first molar
was extracted. No change was seen in the rate of formation of the left premolar. How-
ever, a movement of 2.0 mm towards the alveolar crest occurred and the tooth con-
tinued to erupt until 8.0 years when the permanent canine commenced its eruption
emerging through the alveolar crest at 9.0 years and clinically at 9.5 years. Its pre-
gsence was responsible for impaction of the premolar which, from 9.0 to 10.5 years,
remained 1.5 mm below the alveolar crest. Until 7.0 years of age when root formation
was initiated, the right premolar remained 7.0 mm from the alveolar crest. At this
time it commenced to erupt and emerged through the alveolar crest at 10.5 years when
the root was two-thirds formed. The right deciduous molar was exfoliated at 10.5
years and the right premolar emerged clinically. No difference in root formation was
observed between the right and left first premolars following extraction of the decidu-
ous left first molar,
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Fig. 7. At 5.0 years of age the developing left and right second premolars of this girl
were situated 6.0 mm from the alveolar crest of the mandible and the crowns of both
teeth were one-half formed. At 6.5 years the deciduous right second molar was ab-
scessed, the surrounding bone was destroyed, and the right premolar moved upwards
0.5 mm. Between 7.0 and 7.5 years of age the deciduous molar was extracted and the
premolar continued to erupt until 9.5 years when its movement ceased because it was
impeded by the mesial drift of the permanent first molar. The premolar became im-
pacted when it was 1.5 mm below the alveolar crest with two-thirds of its root formed.
The left premolar remained stationary until its root was one-third formed. At 8.5
years it commenced to erupt, emerging through the alveolar crest at 10.5 yearg when

the root was two-thirds formed.

mean interval between the attainment
of one-fourth and one-half root stages
varies from 1.29 years in the second
premolar to 2.32 years in the canine.
The duration between the stages of one-
half and three-fourths is less, varying
from 1.05 to 1.59 years. It is empha-
sized that the time needed for root
formation prior to emergence is longer
than generally expected. However, the
interval between the stages root three-
fourths formed to root with open apex,
associated with emergence of the teeth,
is shorter, ranging from 0.51 years to
0.86 years.

Another aspect affecting serial ex-
traction and demonstrated in the pre-
sent study relates to the early matura-

tion and eruption of the permanent
mandibular canine in girls. The timing
of extraction of the first deciduous mo-
lar is especially critical in cases of
crowding when the treatment plan calls
for the subsequent extraction of the first
premolar. If the deciduous tooth is re-
moved too soon, the early erupting per-
manent canine may cause impaction of
the first premolar, thereby defeating the
objective of therapy. This situation oc-
curs less frequently in boys where the
permanent canine is slower to mature.
and erupt.

SuMMARY AND CONCLUSION

The results of extraction, at different
ages, upon the formation and eruption
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Fig. 8. At 5.5 years of age the developing left and right first premolars of this girl
were situated 5.5 mm from the alveolar crest of the mandible and both crowns were
three-fourths formed, At 6.5 years when root formation was initial for both premolars,
these teeth commenced their eruption. At 8.0 years the deciduous left first molar was
abscessed and the surrounding bone destroyed, causing the premolar to move 2.0 mm
upwards. Between 8.5 and 9.0 years of age the deciduous left molar was extracted and
the premolar rapidly moved through the alveolar crest, emerging clinically at 9.0 years
when the root was two-thirds formed. The right premolar erupted more slowly, emerg-
ing through the alveolar crest at 10.0 years when three-fourths of its root was formed.
No change in the rate of formation of the left premolar after the extraction of its

deciduous predecessor was observed in comparison with its antimere.

of the premolar was studied in four boys
and four girls. Unilateral extraction of
a deciduous molar, utilizing its antimere
as a control, made it possible to evalu-
ate changes in the rate of formation as
well as the speed and time of eruption
of the succedaneous tooth.

No change was observed in the rate
of root formation of the premolar after
extraction of its deciduous precursor.
However, an immediate spurt occurred
in the eruption of the premolar, regard-
less of its stage of development and the
age at which the deciduous molar was
extracted. Premolar eruption was ac-
celerated in the presence of long-stand-
ing necrosis of the deciduous tooth, es-
pecially if accompanied by loss of sur-

rounding bone. Similarly, early clinical
emergence occurred if the extraction of
the deciduous molar coincided with the
later period of development of the pre-
molar when it was in active eruption.
An initial spurt in the eruption of the
premolar followed very early extraction
of the deciduous molar, for instance at
approximately four years of age, before
the crown was formed. This spurt level-
led off and the tooth then remained
stationary erupting later than its anti-
mere with a normally resorbing decidu-
OuS precursor.

The effect of an environmental insult,
such as extraction of a deciduous tooth,
upon the formation and eruption of its
permanent successor, the findings of
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Grén on the amourit of root formation
at the time of emergence and the age
norms for attainment of various stages
of root development are three factors
that may be applied by the clinician to
decide the optimum time for the re-
moval of teeth in preventive orthodon-
tics.

The present study has made possible
the compilation of basic facts on dental
development that can be obtained only
from longitudinal material. The radio-
graphs used are particularly valuable
because they are serial, bilateral records
of a caries-prone population in the
United States.

140 The Fenway

ACKNOWLEDGMENT

The author is indebted to Dr. Coenraad
F. A: Moorrees, Associate Professor of
Orthodontics at the Forsyth Dental In-
firmary, for directing this investigation.

BIBLIOGRAPHY

1. Stuart, H. C. and others: Studies from
the Center for Research in Child
Health and Development, School of
Public Health, Harvard University. I.

Eruption

10.

53

Monogr. Soc. for Res. in Child Develop.
IV (1), 1939.

. Stuart, H. C. and others: Longitudinal

Studies of Child Health and Develop-
ment — Series II. Reports Based on
Completed Case Studies. Supplement
to Pediatrics 24, No. 5, Part II., 1959.

. Gleiser, I, and Hunt, E. E. Jr.; The

Permanent Mandibular First N}olar:
Its Calcification, Eruption and Decay.
Am. J. Phys. Anthrop. (n.s.) 13: 253-
284, 1955.

. Fanning, E. A.: A Longitudinal Study

of Tooth Calcification and Root Re-
sorption. J. Dent. Res. 37: 4, 1958.

. Fanning, E. A.: A Longitudinal Study

of Tooth Formation and Root Resorp-
tion. Doctoral Thesis, New Zealand,
1960.

. Fanning, E. A. and Hunt, E. E. Jr.:

Bioassay and Growth: A Development-
al Analysis of the Mandibular Central
Incisors. Proceedings of the 28th An-
nual Meeting of The American Asso-
ciation of Physical Anthropologists.
Am. J. Phys. Anthrop. (n.s.) 18: 365,
1960.

. Moorrees, C. F. A.: The Dentition of

the Growing Child, a Longitudinal
Study of Dental Development Between
3 and 18 Years of Age. Cambridge,
Mass.; Harvard University Press, 1959.

. Lebret, L.: A Longitudinal Study of

Growth Changes of the Palate. In pre-
paration.

. Gron, A. M.: The Prediction of Tooth

Emergence. In press, J. Dent. Res.
Fanning, E. A.: Unpublished data.

$S900E 981J BIA $1-G0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



