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ABATRACT
The purpose of this study was to compare two mixed de-

ntition prediction methods that do not require the use of peri-
apical radiographs of the unerupted permanent lower teeth.
The two compared methods were the Tanaka/Johnston (T/J)
and the Boston University (BU) prediction approaches.

 Study casts of 52 children (20 males and 32 females)
were used; those children were selected from primary and se-
condary schools located in different areas of Mosul City. All
subjects have normal Class I molar relationship.

The finding indicated that on the average the T/J approa-
ch overestimated the tooth size of the unerupted teeth (mean
+ SD = 1.02 + 1.07 mm). On the other hand, the BU approach
underestimated the tooth size of the unerupted teeth (mean +
SD = –0.2 + 1.07 mm). The findings further indicated that th-
ere were statistically significant correlation between the pred-
icted and actual tooth size.

The error involved in the use of the prediction equations
was expressed as the standard error of the estimate (SEE).
The present findings indicated that the SEE for T/J prediction
ranged between 0.52–0.63 mm and the corresponding values
for BU equation ranged between 0.45–0.68 mm. Depending
on the stage of dental development; i.e., which deciduous and
permanent teeth are present, the T/J approach can be used
when the only permanent four mandibular incisors have com-
pletely erupted, whereas the BU approach can be used when
all the deciduous (canines and first molars) are still present.
Key Words: Prediction, mesio–distal crown diameter, uneru-
pted premolar.

INTRODUCTION
One of the goals in comprehensive or-

thodontic treatment is to obtain an optimal
final occlusion, over bite and over jet.(1)

This could be evaluated by the determina-
tion of mesio–distal diameter of crowns of
unerupted canines and premolars which
has great importance in finding the therapy
and treatment plan during the mixed denti-
tion.(2) The mixed dentition arch analysis is
an important criterion in determining whe-
ther the orthodontic treatment plan is goi-
ng to involve serial extraction, guidance of
eruption, space maintenance, space regain-

ing, or just periodic observation of the pat-
ient.(3)

The determination of the tooth size–
arch length discrepancy in the mixed dent-
ition requires an accurate prediction of the
mesio–distal width of the unerupted perm-
anent teeth. Three approaches have been
used to estimate the mesio–distal crown
width of the unerupted canines and premo-
lars:(4, 5) Measurements from erupted tee-
th,(6–10) measurements from 45º cephalom-
etric radiograph,(11, 12) measurements from
periapical radiograph,(13) and a combinati-
on of measurements from erupted teeth
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and from radiographs of unerupted tee-
th.(5, 14–16) The last approach is considered
to be the most accurate because it general-
ly has the lowest standard error of estimate
(SEE).(5, 17)

A step–by–step chart was developed
for use in conjunction with the prediction
graph to estimate the tooth size–arch leng-
th discrepancy for the patient. The chart
and graph could be participated in the clin-
ical record of patients undergoing mixed
dentition assessment and treatment.(18)

There was a consensus that small pri-
mary teeth were likely to be followed by
small successors and large primary teeth
by large permanent successors but the low
correlation coefficients precluded their use
for making reasonably accurate predicti-
ons.(19–21) The need to use various predicti-
on equations is based on the fact that the
correlation between the mesio–distal dia-
meter of the deciduous and succedaneous
teeth, although significant, are, in general,
fairly low.(22, 23)

As stated earlier, both radiographic
and non radiographic approaches for pred-
iction have been attempted. The latter is
used when the practitioner is either unable
to obtain periapical radiographs on the yo-
ung patient or the parents are unwilling to
consent to the procedure. These disadvant-
ages may largely be overcome by a variety
of regression schemes in which tooth is pr-
edicted from permanent teeth that are alre-
ady present and easily measured – the ma-
ndibular incisors.(24)

The purpose of this study was to com-
pare two mixed dentition prediction meth-
ods that do not require the use of periapic-
al radiographs of unerupted permanent tee-
th. The methods compared were the Tana-
ka/Johnston (T/J) and the Boston Universi-
ty (BU) prediction approaches.  

MATERIALS AND METHODS
The sample size of this study compri-

sed 52 children (20 males and 32 females).
It was carried out over 6 primary and 4
secondary schools selected randomly from
different areas of the right and left banks
of river Tigris in the center of Mosul City.

All children were of Iraqi origin, their
parents and grandparents were born in the

center of Mosul. Each child had a normal
Class I occlusion according to Angle’s cla-
ssification,(25) with no apparent facial dish-
armony, non had congenitally missing tee-
th or had undergone orthodontic therapy
throughout the period of the study. Subjec-
ts with gross dental abnormalities, appare-
nt loss of teeth substance due to attrition,
trauma, fracture, massive caries, restorati-
on or artificial crown on teeth were exclu-
ded.

Each child had dental cast at two sta-
ges of dental development; namely, at the
time when the child had mixed dentition
(lower right and left permanent centrals,
laterals and first molars, and lower right
and left primary canines and first and sec-
ond molars), and at the time of eruption of
the lower right and left permanent canines
and premolars. A new record was taken
for the same patient. These selection crite-
ria limited the number of subjects in this
investigation to 52 children; namely, 20
males and 32 females.

Impression of the mandibular dental
arch was made with plastic orthodontic tr-
ay using alginate hydrocolloid impression
material (Alginmax, Italy). The impressio-
ns were poured immediately in the dental
stone and vibrated manually. Measureme-
nts were carried out on the lower casts (ri-
ght and left permanent central and lateral
incisors, canines, premolars and deciduous
canines and first molars) by using modifi-
ed sliding caliper with a vernier scale per-
mitting reading to 0.1 mm (Figure 1).

Crown diameters were taken as the
distance between the anatomic contact poi-
nts (from anatomic mesial contact point to
anatomic distal contact point) which was
taken to a nearest 0.1 mm by means of sh-
arp end calipers with the sharpened beaks
of the calipers parallel to the long axis of
the crown(24) (Figure 2).

The T/J approach to predict the mesi-
odistal diameter of the unerupted mandib-
ular canine and two premolars is based on
adding 10.5 mm to half the total width of
the mandibular four incisors as measured
from dental casts.(7) The BU prediction
method is based on adding the sum of the
width of the mandibular deciduous canines
and twice the width of first deciduous mol-
ars.(3)
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Student’s t–test was calculated to det-
ermine whether statistical differences were
present between the right and left sides for
male and female subjects besides the sex
comparison at 5% level of significance.
Descriptive statistics, including the minim-
um and maximum, mean and standard de-
viation values were calculated for predict-
ed tooth and actual tooth size. Correlation
coefficient “r” was measured between the
predicted and actual tooth size for both pr-
edicted methods. In addition, the standard
error of measurements was calculated.

RESULTS
Table (1) showed the descriptive stat-

istics of the mesio–distal crown diameters
of total mandibular teeth, which include
minimum and maximum, mean and stand-
ard deviation values.

Student’s t–test indicated that males
had larger mesio–distal crown diameters
than females. As a result, the findings for
male and female subjects were presented
separately as well as combined in Table
(2).

Table (1): Descriptive statistics (in mm) of the mesio–distal crown
diameters of total mandibular teeth

Tooth No. Minimum Maximum Mean (mm) + SD
1 52 4.40 6.50 5.37 0.39
2 52 4.80 7.00 5.78 0.47
3 52 6.00 9.60 6.51 0.62
4 52 6.20 9.60 6.93 0.36
5 52 5.60 7.70 7.18 0.33
C 52 5.00 6.60 5.73 0.40
D 52 6.60 8.00 7.55 0.32

3+4+5 52 18.10 23.40 20.62 0.89
SD: Standard deviation.

Table (2): Comparison of means between the males and females
mesio–distal crown diameter of mandibular teeth

Mean (mm) + SDTooth
Males Females

t–value p–value Significance

1 5.43 + 0.37 5.33 + 0.40 0.95 0.35 NS
2 5.75 + 0.46 5.80 + 0.48 0.39 0.70 NS
3 7.15 + 0.58 6.12 + 0.08 9.93 0.00 S
4 7.00 + 0.42 6.90 + 0.32 0.96 0.34 NS
5 7.30 + 0.26 7.10 + 0.35 2.19 0.03 S
C 5.82 + 0.36 5.68 + 0.42 1.22 0.23 NS
D 7.55 + 0.33 7.55 + 0.32 0.03 0.97 NS

3+4+5 21.45 + 0.69 20.12 + 0.54 7.76 0.00 S
SD: Standard deviation; NS: Not significant; S: Significant (p < 0.05).

Figure (1): The sliding caliper gauge
 with vernier scale

Figure (2): The approximate location
of contact points of the mandibular teeth
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The descriptive statistics for the pred-
icted tooth size with the use of the T/J and
BU equations as well as the actual tooth
size were presented in Table (3). The diff-
erences between the two prediction meth-
ods and the actual tooth size for males, fe-
males and both sexes were presented in

Table (4). The finding indicated that on
the average the T/J approach overestimat-
ed the tooth size of the unerupted teeth
(mean + SD = 1.02 + 1.07 mm). On the
other hand, the BU approach underestima-
ted the tooth size of the unerupted teeth
(mean + SD = –0.20 + 1.07 mm).

Table (3): Descriptive statistics (in mm) of the predicted and actual mesio–distal
diameters of the mandibular canine and first and second premolars

Study
Groups Sex No. Minimum Maximum Mean

(mm) + SD

Males 20 20.70 23.40 21.68 0.76
Females 32 19.70 23.20 21.62 0.79Tanaka and

Johnston Total 52 19.70 23.40 21.64 0.77
Males 20 19.20 22.00 20.92 0.75

Females 32 18.70 22.40 20.77 0.88Boston
University Total 52 18.70 22.40 20.83 0.83

Males 20 20.10 23.40 21.45 0.69
Females 32 18.10 20.80 20.11 0.54Actual

Tooth Size Total 52 18.10 23.40 20.63 0.89
 SD: Standard deviation.

Table (4): Descriptive statistics (in mm) of the differences between
 the actual and predicted values of the mesio–distal diameters

of the permanent mandibular canine and first and second premolars
Prediction

Method Sex No. Minimum Maximum Mean
(mm) + SD

Males 20 –2.50 1.80 0.23 1.01
Females 32 0.00 3.10 1.51 0.78Tanaka and

Johnston Total 52 –2.50 3.10 1.02 1.07
Males 20 –4.20 1.10 –0.53 1.14

Females 32 –0.70 1.80 0.66 0.72Boston
University Total 52 –4.20 1.80 –0.20 1.07
 SD: Standard deviation.

The correlation coefficient indicated
the strength of association (positive or ne-
gative) between the predicted and actual
tooth size. The finding represented in Tab-
le (5) indicated that there were statistically
significant correlation between the predict-

ed and actual tooth size for female group,
while Table (6) showed significant correl-
ation between the predicted tooth size fr-
om the two predicted methods (T/J and
BU methods).

Table (5): Correlation coefficient “r” between the predicted
tooth size from the prediction methods and actual tooth size
Prediction

Method Sex r p–value Significance

Males 0.22 0.93 NS
Females 0.36 0.01 STanaka and

Johnston Total 0.17 0.23 NS
Males –0.27 0.26 NS

Females 0.58 0.001 SBoston
University Total 0.224 0.11 NS
NS: No significant difference; S: Significant difference (p < 0.05).
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Table (6): Correlation coefficient “r” between the
predicted tooth size from the two prediction methods

Sex r p–value Significance
Males 0.53 0.02 S

Females 0.43 0.01 S
Total 0.46 0.001 S
S: Significant difference (p < 0.05).

The error involved in the use of the
prediction equations is expressed as SEE.
The present findings indicated that the
SEE for T/J prediction equations ranged
between 0.52–0.63 mm for various groups
evaluated and the corresponding values for
the BU equations ranged between 0.45–
0.68 mm, as shown in Table (7).

Table (7): Comparison of standard
errors of estimate in mm for the

two prediction methods evaluated
Prediction

Method Sex SEE

Males 0.53
Females 0.52Tanaka and

Johnston Total 0.63
Males 0.45

Females 0.55Boston
University Total 0.68

SEE: Standard errors of estimate.

DISCUSSION
Clinicians and researchers are interes-

ted in predicting the potential for tooth si-
ze–arch length discrepancy in their grow-
ing patients. If accurate predictions can be
made while patients are in the deciduous
or mixed dentition, clinicians might attem-
pt to intercept any developing malocclusi-
ons. On the other hand, if such discrepanc-
ies can not be accurately predicted, one
will have to expect the advisability for su-
ch procedures.

The present investigation found that
mesio–distal crown diameters in both den-
titions of the same sample showed that bil-
ateral asymmetry was insignificant and th-
ese results were in agreement with other
studies.(5, 22, 23, 26, 27)

The present investigation found that
statistically significant sex differences we-
re only found in two permanent teeth (can-
ine and second premolar), not including
the lower incisors. Hence, the primary too-
th sizes were investigated with the sexes

pooled while the permanent tooth sizes
were assessed separately. The canines sho-
wed the largest sex difference within the
permanent teeth, but the primary canines
were not the most dimorphic teeth. These
results were in agreement with those of
other studies.(5, 22, 23, 27)  

One of the objectives of the tooth si-
ze–arch length analysis in the mixed denti-
tion is to obtain the most accurate predicti-
on for each patient by reducing to a mini-
mum the errors involved in measurement
and judgement. Currently, the most accur-
ate prediction methods involve the use of
periapical films(5, 14–18) and particularly the
use of the modified Hixon–Oldfather pre-
diction equation that has a 0.44 mm
SEE.(16, 18) If, on the other hand, the patie-
nt/parent are unwilling to allow for the ne-
eded radiographs, the clinicians may have
to use non radiographic methods for predi-
cting the unerupted permanent canines and
premolars.(3)

The present findings indicated that
the SEE for the two non radiographic pre-
diction methods of T/J and BU were 0.63
and 0.68, respectively; while Bishara and
Jakobsen(3) found the SEE 0.81 and 0.92,
respectively. Therefore, the accuracy of th-
ese two methods of tooth prediction are fa-
irly comparable but are not as accurate as
the radiographic methods of prediction.

The findings indicated that on the av-
erage the T/J approach overestimated the
tooth size of the unerupted teeth (mean +
SD= 1.02 + 1.07 mm), while the BU appr-
oach underestimated the tooth size of une-
rupted teeth (mean + SD= –0.2 + 1.07
mm). These findings were somewhat corr-
esponding to the findings of Bishara and
Jacobsen(3) which were (1.1 + 0.9 mm) and
(–0.1 + 1.2 mm) respectively.

The T/J approach requires the presen-
ce of the mandibular permanent incisors to
be completely erupted but does not use de-
ciduous tooth measurements, whereas the
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BU method requires the presence of the
deciduous canines and first molars. As a
result the clinician can use either of these
two methods depending on which teeth are
available in the mandibular dental arches
at the various stages of the dental develop-
ment.

 
CONCLUSIONS

Two radiographic methods for predic-
ting the mesio–distal diameter of the uner-
upted mandibular canine and premolar we-
re compared. When using the equations for
combined male and female samples, both
methods have comparable SEE (0.63 mm
for the T/J and 0.68 mm for the BU appro-
ach). Depending on the stage of dental de-
velopment; i.e., which deciduous and/or
permanent teeth are present, the T/J appro-
ach can be used when the four mandibular
incisors have completely erupted. The BU
approach can be used when the deciduous
canines and first molars are still present.
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