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Serial extraction procedures are be-
gun in the mixed dentition with the
objective of guiding the eruption of
the permanent dentition toward a
more favorable alignment. Deciduous
teeth are often extracted with the
hope of accelerating the eruption of
the permanent successors.

ReVIEW OF LITERATURE

The effects of extracting deciduous
teeth on the eruption of their per-
manent successors have been studied
in both human!*¢ and nonhuman?
subjects. The most recent investiga-
tion of the effects of premature loss
of deciduous molars on eruption of
the premolars was done on pigtail
macaques (Macaca nemestrina) that
were 27 to 33 months old at the time
of extractions.” At this age, premolar
root formation has begun and is
roughly equivalent to that of a 10- to
12-year-old human, late mixed denti-
tion. Their results showed that in all
19 extractions, ten in the lower arch
and nine in the upper, all of the pre-
molars on the extraction sides erupted
before their antimeres regardless of
sex, arch, chronological or dental
ages.

The present study attempted to
simulate the initial phases of serial
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extraction to permit an assessment of
the effects of extracting the deciduous
first molars of M. nemestrina during
the early mixed dentition on the
eruption of the first premolars.

METHODS

Subjects were 12 M. nemestrina
(six males, six females) from the Pri-
mate Field Station of the Regional
Primate Research Center at the Uni-
versity of Washington. All were
known to be 15 to 16 months old at
the time of extraction. Dental de-
velopment at this age is similar to
that of five- to six-year-old humans.
The deciduous first molars were ex-
tracted unilaterally in all twelve ani-
mals.

To document the growth and de-
velopment changes, 45-degree oblique
head films were taken initially at the
time of extractions and subsequently
at periodic intervals until all first pre-
molars had erupted. A modified or-
thodontic ear rod headholder® with
a custom nasion rest® was used for all
radiographs. The 45-degree oblique
head film was chosen over the stan-
dard lateral head film because it pro-
vided a more distinct view of the first
premolar region'® (Figs. 1A and B).
When the first premolars appeared to
be nearing eruption into the oral
cavity, visual intraoral examinations
were made at three-week intervals to
document clinical emergence. Clinical
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Fig. 1A Forty-five degree oblique head film
of left premolar arca. To determine the level
of preclinical eruption a base line was estab-
lished through the most occlusal aspect of
two implants in each quadrant. A perpen-
dicular was drawn from the base line to the
most occlusal portion of the dental sac. The
length of the perpendicular represented the
rclative level of eruption of the first pre-
molar at that age.

eruption of the first premolars was de-
fined as the penetration of any por-
tion of the crown through the gingiva
into the oral cavity.

Before extraction of the deciduous
teeth, tantalum implants were placed
in the cranial base, maxilla and man-
dible as described by Garfinkle* and
Van Ness.’? The implants were used
to evaluate the position of the first
premolars during the preclinical
eruption phase of this study. To ac-
complish this, a baseline was traced
through the most occlusal aspect of
two implants in each quadrant on the
head film. From this baseline a per-
pendicular was drawn to the most oc-
clusal portion of the dental sac of
the developing first premolar (Fig.

Early Mixed Dentition 35

Fig. 1B Standard lateral head film. The
radiographs shown in Figs. 1A and B were
taken on the same animal on the same day.
Note the increased clarity of both the maxil-
lary and mandibular first premolar regions
on the 45-degree oblique head film (Fig. 1A).

1A). The length of this perpendicular
represented the relative level of erup-
tion of the first premolar. Measure-
ments were made with Helios calipers
accurate to the nearest 0.05 mm. The
measurements were repeated on the
longitudinal radiographs to document
and compare the eruption rates be-
tween the extraction and control
sides. FEruption rates (mm/month)
were calculated by determining the
difference in the level of eruption on
successional head films and dividing
this by the number of months in the
interval.

To evaluate the error in radio-
graphic and measurement techniques,
five head films were taken on the same
animal on the same day. Before each
radiograph the monkey was com-
pletely removed from the headholder
and repositioned. The distance from
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TABLE I

Eruption measurements (to nearest 0.05 mm)
of mandibular first premolars made from five
head films of one animal, all taken on the
same day.

Film Right Left
1 2.35 4.45
2 2.40 4,70
3 240 4.45
4 2.25 4.50
5 2.35 445
Mean 2.35 451
S.D. 0.06 0.11

the most occlusal portion of the den-
tal sac to the implant reference line
was measured on both right and left
sides in each of the exposures. The
measurements are shown in Table I
On both the right and left, four of
the five measurements are within 1
S$.D. For the most part this variation
is 0.05 mm. The standard deviations,
0.06 and 0.11 mm, represent the error
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attributable to measurement tech-
nique. The uniformity of the figures
indicates the accuracy of this tech-
nique and the minimal potential for
error.

RESULTS

During the course of this study, six
of the original twelve animals died of
causes unrelated to experimental pro-
cedures. This high mortality rate re-
duced the final sample size to a point
that hypothesis testing was not feas-
ible.

The preclinical eruption phase of
this study, ages 450 to 1020 days, was
relatively uneventful. The eruption
information accumulated during this
period is shown in Tables II and III.

Table II shows the averaged erup-
tion rates of the first premolars for
the entire sample and male and fe-
male groups. Regarding the entire

TABLE 11

Average eruption dates (mm/month) of first premolars during preclinical eruption phase.

Maxilla Mandible
Age Extraction Control Extraction Control
{months) mean range mean range mean range mean range
Jota!l Sample
BALLAEE LU ALN
15.5-19.5 0.38 (0.30-0.60) 0.28 (0.09-0.56) 0.22 (0.15-0.35) 0.27 (0.19-0.46)
19.5-22.0 0.41 (0.10-1.0) 0.35 (0.20-0.70) 0.23 (0.00-0.50) 0.28 (0.04-0.66)
22.0-25.5 0.1k (0.06-0.26) 0.17 (0.11-0.21) 0.24 (0.11-0.39) 0.18 (0.00-0.37}
25.5-33.5 0.16 (0.03-0.26) 0.20 (0.13-0.29) 0.1t (0.00-0.20) 0.15 (0.06-0.24)
15.5-33.5 0.28 0.25 0.20 0.22
Males
15.5-19.5 0.32 (0.30~0.34) 0.27 (0.22-0.29) 0.20 (0.15-0.24) 0.35 (0.23-0.46)
19.5-22.0 0.29 (0.10-0.40) 0.23 (0.20-0.26) 0.20 {0.18-0.22) 0.20 (0.10-0.30)
22.0-25.5 0.08 (0.06-0.10) 0.17 (0.11-0.21) 0.18 (0.11-0.24) 0.08 (0.00-0.16)
25.5-33.5 0.12 (0.03-0.21) 0.26 (0.23-0.29) 0.13 (0.08-0.17) 0.19 (0.14-0.24)
15.5-33.5 0.20 0.23 0.17 0.21
Females
remales
15.5-19.5 0.45 (0.36-0.60) 0.31 (0.09-0.56) 0.25 (0.15-0.35) 0.19 (0.19-0.19)
19.5-22.0 0.55 (0.24-1.0) 0.48 (0.36-0.70) 0.25 (0.00-0.50) 0.35 (0.04-0.66)
22.0-25.5 0.20 (0.13-0.26) 0.16 (0.13-0.18) 0.30 (0.20-0.39) 0.25 (0.14-0.37)
25.5-33.5 0.23 (0.19-0.26) 0.16 (0.13-0.18) 0.10 (0.00-0.20) 0.06
15.5-33.5 0.37 0.27 0.22 0.24



Vol. 50, No. 1

sample, the maxillary first premolars
on the extraction side erupted at a
slightly greater rate than the controls
(0.28 mm/month vs. 0.25 mm/month).
The mandibular first premolars on
the extraction side erupted at a slight-
ly slower rate than the controls (0.20
mm/month vs. 0.22 mm/month). In
all four quadrants the eruption rates
prior to age 22 months were generally
higher than in the later stages (Fig. 2).
This was substantially so on the ex-
traction and control sides in the max-
illary arch, and slightly greater in both
quadrants of the mandibular arch.
Dividing the sample into male and
female groups, a sexually dimorphic
pattern is evident. The eruption rates
of the first premolars were faster in
the females than in the males for both
the extraction and control sides. As a
group, the females exhibited a higher
average eruption rate on the extrac-
tion side in the maxillary arch, but
a slightly lower eruption rate on the
extraction side in the mandibular
arch. The males showed a higher av-
erage eruption rate in the control
quadrants of both arches.

Table 111 shows the timing of clini-

cal eruption of the first premolars in
days of age, with male, female and
overall means. Overall means indi-
cate maxillary eruption is accelerated,
whereas in the mandible it is delayed.
Male and female means indicate a
sexually dimorphic response. Extrac-
tion in females resulted in earlier
eruption in both maxillary and man-
dibular arches. In males, extraction
of first deciduous molars delayed the
clinical emergence of the first pre-
molar in both arches. However, the
variability of the individual responses
is significant.

DiscussioN

The high mortality rate of this
sample so reduced its size that hy-
pothesis testing was not possible.
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TABLE 111

Timing of clinical eruption* of the
first premolars (all ages in days)

Age at Eruption

Maxilla Mandible
Ageat
Ex- Ex- Ex-

Ani- trac- trac- Con- trac- Con-
mal tion tion trol tion trol
Male
73026 477 1470 1395 1635 1620
73048 452 1170 1170 1470 1110
73063 445 1320 1260 1650 1620
Mean 1320 1275 1590 1455
Female
73019 166 1275 1230 1230 1275
73039 461 780 1275 1215 1260
73046 462 1125 1320 1140 1260
Mean 1059 1275 1194 1260
Overall mean 1191 1275 1389 1359

* Penetration of gingiva into oral cavity.

Nevertheless, we did observe trends
that may complement the findings
from other studies, as well as indicate
directions for future research.

In the literature on human subjects
there is a lack of agreement regarding
the effects of extracting the deciduous
first molars during the early mixed
dentition stage on the eruption of
their successors. Pankova and Hajek*
and Butler' found that early loss of
deciduous teeth played no major role
in altering the eruption of their per-
manent successors, whereas others
have concluded that early loss of the
deciduous first molar did affect the
eruption of the first premolar to vary-
ing degrees. Sleichter® found a gen-
eral acceleration in first premolar
cruption; so did Fanning,'3 except that
in four to four and a half year olds, an
initial spurt in eruption was followed
by a dormant period allowing the non-
extraction side first premolars to erupt
carlier. Carr,* Hargreaves,® and Posen?
found that loss of the first deciduous
molar accelerated the first premolar
cruption in the maxilla, but delayed
first premolar eruption in the mandi-
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ble when the loss of the primary tooth
occurred before ages seven, six, or
eight years, respectively.

The results of this investigation in-
dicate that extraction of the decidu-
ous first molars during the early
mixed dentition stage results in alter-
ations in the eruption rate and tim-
ing of the first premolars. On the
average our findings were in agree-
ment with those of Hargreaves® and
showed that extraction of the decidu-
ous first molars in M. nemestrina,
equivalent in dental development to
that of five or six year old humans,
caused an accelerated eruption in the
maxillary first premolars and a de-
layed eruption in the mandibular
first premolars.

When this sample was segregated
into male and female groups, the
observations presented a different pic-
ture of first premolar eruption (Table
IIT). In female M. nemestrina, clinical
eruption of the first premolars on the
extraction side was accelerated in
both the maxillary and mandibular
arches whereas in the males, clinical
eruption of the first premolars on the
extraction side was delayed in both
the maxiilary and mandibular arches.

However, more significant than the
mean response was the high degree
of variability in the alteration of
eruption timing. Although the maxil-
lary first premolars on the extraction
side erupted an average of 84 days
before controls, in three animals the
maxillary first premolar on the con-
trol side actually erupted first; the
variability was also demonstrated in
mandibular first premolar eruption.
When the results were evaluated for
males and females separately, indi-
vidual variation was still evident.
These findings point to the difficulty
of predicting the effects of extracting
the deciduous first molar during the
early mixed dentition stage on the
eruption of the first premolar.
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Garfinkle et al.” reported that in
M. nemestrina 27 to 33 months old
at the time of extraction of the de-
ciduous first molars, an accelerated
eruption of the first premolars on the
extraction sides occurred without ex-
ception, regardless of sex. Contrasting
this with our findings, it appears that
the importance of sexual dimorphism
and individual variation in the pre-
diction of premolar eruption appar-
ently decreases with the increasing
age of the animal at the time of ex-
traction. This is in agreement with
Posen® who found that extraction of
the deciduous first molars in five year
old humans delayed both maxillary
and mandibular premolar eruption,
in five to eight year olds caused vari-
able eruption patterns, and after eight
years of age, accelerated the eruption
of the first premolar.

As might be expected, increased
eruption rates on the average resulted
in earlier clinical emergence of the
succedaneous tooth. Conversely, de-
layed emergence generally resulted
from decreased eruption rate (Tables
II and III). It is interesting to note
that, for the most part, the eruption
rates of the maxillary and mandibular
first premolars in both the extraction
and control quadrants were higher
before age 22 months. Since this pat-
tern occurred on the experimental
side as well as the control side, it in-
dicates that this characteristic in the
eruption of the first premolar is un-
affected by the extraction of the de-
ciduous first molar (Fig. 2). The sig-
nificance of this finding is question-
able owing to the small sample size.
However, it does suggest that altera-
tions in eruption timing occur in the
later stages of preclinical eruption.

SuMMARY AND CONCLUSIONS

The effects of extracting deciduous
first molars during the early mixed
dentition stage on the eruption of the
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Fig. 2 Graph illustrating the average erup-
tion rates for all six M. nemestrina from
ages 155 to 33.5 months. The data for both
the maxillary and mandibular arches are
averaged together to give one curve for all
extraction side first premolars and one for
all control side first premolars. The curves
show that on both the extraction and con-
trol sides the average eruption rates are con-
siderably higher prior to age 22 months, The
uniformity of this pattern on both extrac-
tion and control quadrants indicates that it
is unaffected by extraction of the deciduous
first molars during the early mixed dentition
stage.

first premolars were studied in six M.
nemestrina, three males and three
females, age 15 to 16 months at the
time of extraction. Their dental de-
velopment was comparable to that in
five to six year old humans. Preclini-
cal eruption rates were determined
from measurements made on 45-degree
oblique head films and the age at
clinical emergence of the first pre-
molars.

On the basis of the findings of this
study, the following trends were es-
tablished:

1. Extraction of the deciduous first
molars during the early mixed
dentition stages appears to alter
the clinical eruption rate and
timing of the first premolars.

2. Early extraction of first decidu-
ous molars showed a sexually
dimorphic response. In females,
clinical eruption was accelerated
in both maxillary and mandib-
ular arches whereas males ex-
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hibited a delayed eruption in
the extraction quadrants. How-
ever, this is an observation based
on means. Individual variation
compromises the predictability of
the effects of early deciduous ex-

traction.
3. Female M. nemestrina appar-
ently exhibit a higher pre-

clinical eruption rate as well as

an earlier clinical eruption of

the first premolars on both the

extraction and control sides than
do males.

School of Dentistry

Univ. of Washington

Seattle, Washington 98195

ACKNOWLEDGMENTS

This research was supported by grants DE
02918 and RR 00166 from the National In-
stitutes of Health, U.S. Public Health Service
and by a grant from the University of Wash-
ington Orthodontic Memorial Fund.

REFERENCES

1. Butler, D. J.: The eruption of the tecth
and its association with early loss of the
deciduous teeth. Brit. Dent. J. 112:443-
449, 1960.

2, Carr, L. M.: The effect of extraction of
deciduous molars on the eruption of bi-
cuspid teeth. Australian Dent. J. 8:130.
1963.

3. Hargreaves, J. A.: Extraction of decidu-
ous molars. Australian Dent. ]J. 9:137-138.
1964.

4. Pankova, V., and Hajek, J.. Time of
eruption of permanent teeth in the chil-
dren of Czechoslovakia, Ceskoslov. Stomat.
59:104-113, 1959.

. Posen, A, L.: The effect of premature loss
of deciduous molars on premolar erup-
tion, Angle Orthodont. 35:249-252, 1965.

6. Sleichter, C. G.: The influence of pre-
mature loss of deciduous molars on pre-
molar eruption. Angle Orthodont. 33:
279-283, 1963.

7. Garfinkle, R. L, Artese, A, Kaplan,
R. G, and Van Ness, A. L.. Effect of
extraction in the late mixed dentition on
the eruption of the first premolar in
Macaca nemestrina. 4Angle Orthodont. 50:
23-27, 1980.

8. Van Ness, A. L. Merrill, O. M. and
Hansel, J. R.: Cephalometric roentgen-
ography for nonhuman primates utiliz-
ing a surgically implanted head posi-
tioner. Amer, J. Phys. Anthrop. 43:141-
147, 1975.

o



40

9.

10.

11.

Greer et al.

Artese, A.: The effect of deciduous teeth
extraction upon the successional perma-
nent teeth and arch length in Macaca
nemestrina monkeys. Thesis, Univ. of
Washington. 1974,

Gutierrez, A, O.: The effect of early de-
ciduous tooth extraction on the eruption
of the permanent dentition in Macaca
nemestrina. Thesis, Univ. of Washington.
1975.

Garfinkle, R. L.: Preparation of Macaca
nemestrina monkeys for longitudinal nor-

12.

13.

January 1980

mal growth studies. The effect of extrac-
tion of deciduous teeth on the emergence
of their permanent successors, Thesis,
Univ. of Washington. 1973.

Van Ness, A. L.: Implantation of cranial
base metallic markers in nonhuman pri-
mates. Amer. J. Phys, Anthrop. 49:85-90,
1978.

Fanning, E. A.: Effect of extraction of de-
ciduous molars on the formation and
eruption of their successors. Angle Ortho-
dont. 32:44-53, 1962.



