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Relationship between tooth length and three-dimensional mandibular
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ABSTRACT
Objectives: To clarify the relationship between tooth length and three-dimensional mandibular
morphology in a healthy Japanese population.
Materials and Methods: This study included 181 Japanese adults: 66 men and 115 women. Cone-
beam computed tomography (CBCT) images were acquired with a dentofacial cone-beam x-ray CT
scanner. Tooth length was measured with open-source OsiriX medical image processing software.
Crown height and root length were measured in the maxillary and mandibular central incisors,
lateral incisors, canines, first premolars, second premolars, first molars, and second molars. Based
on these measurements, principal component (PC) analysis was performed. The following
measurements were used to assess three-dimensional mandibular morphology: CD-GO, GO-GN,
RCD-LCD, RGO-LGO, RCP-LCP, and the gonial angle. Stepwise multiple regression analysis was
performed to examine the associations between three-dimensional mandibular morphology and the
patterns of crown and root lengths using the mandibular measurements as explanatory variables
and each PC as the dependent variable.
Results: CD-GO was positively associated with PC1, which represented overall tooth length. RGO-
LGO was positively associated with PC2, whereas GO-GN, RCP-LCP, and gonial angle were
negatively associated with PC2, which was the axis denoting relatively longer root (þ) vs higher
crown (�). Being female was associated with PC3, which was the axis denoting relatively longer
posterior tooth (þ) vs anterior tooth (�).
Conclusions: The present clinical study effectively used CBCT images and PC analysis to reveal
significant correlations between tooth length and mandibular morphology in a modern human
population, confirming in part the statement that ‘‘large teeth necessitate large jaws.’’ (Angle Orthod.
2018;88:403–409.)
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INTRODUCTION

Although the statement ‘‘Large teeth necessitate

large jaws, and large jaws, a large body’’1 sounds

logical, the accuracy of this statement has not been

verified to date.2 Dental crowding can be defined as a

discrepancy between jaw size and crown width,

resulting in overlapping and rotation of the teeth.3 It
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has been reported4 that crowding is more strongly
associated with small jaw size than with large teeth.
Both environmental and genetic factors are involved in
dental variation.5 Many factors, such as masticatory
function, the size of the dentition,6 and persistent
sucking habits,7 are involved in mandibular morpholo-
gy. Mandibular form is a product of both morphogen-
esis and evolutionary modifications related to
mastication.8 Orthodontists need to understand the
changes that normally take place in adult craniofacial
structures.9 Thus, it is important to understand the
relationship between mandibular morphology and tooth
size, especially in orthodontics.

Previous studies have demonstrated a relationship
between tooth width and mandibular morphology.
Anderson et al.10 reported that crown width correlates
with alveolar bone and basal bone thickness. Kieser
and Groeneveld11 hypothesized that a longer jaw is
associated with relatively wider canines and narrower
molars. However, little is known about the association
between tooth length and mandibular morphology.
Smith et al.12 found close associations between crown
width, root length, and corpus height in Australian and
Maori populations. However, no relationship was found
between the cross-sectional shape or proportion of the
symphyseal region and variations in canine crown
width or height in primates.8 In a micro–computed
tomography study of recent modern human dry skulls,
Le Cabec et al.13 found no correlation between
mandibular anterior tooth root size and jaw size in
the symphyseal region. No consistent results have
been found relative to the relationship between tooth
length and mandibular morphology. In previous stud-
ies, mandibular morphology was investigated in two
dimensions. Currently, human tooth length and man-
dibular morphology can be accurately measured with
little radiation exposure using dentofacial cone-beam
computed tomography (CBCT) images.14,15 In addition,
only limited regions of mandibular morphology have
been evaluated to date. This problem might also be
addressed with the use of dentofacial CBCT images.
Furthermore, the small sample size in previous studies
remains a problem to be solved.

The aim of this present study was to examine the
relationship between tooth length and three-dimen-
sional mandibular morphology in 181 Japanese pa-
tients using dentofacial CBCT.

MATERIALS AND METHODS

Patients

This study included patients who underwent CBCT
imaging for orthodontic assessment in the Department
of Orthodontics at Showa University Dental Hospital.
The final cohort included 181 Japanese adults: 66 men

(age 18–50 years; mean age: 27.4 years) and 115
women (age 18–57 years; mean: 27.6 years). Patients
with congenital disorders such as cleft lip and palate
and those with systemic disease were excluded from
the study. Those with previous orthodontic treatment,
root resorption, or loss of the original crown morphol-
ogy resulting from caries, trauma, attrition, wear, or
dental prosthesis were excluded from measurements.

This study was approved by the ethics committee of
Showa University (IRB No. 108) and related commit-
tees. All patients provided written informed consent to
participate.

CBCT Imaging

CBCT images were acquired with a dentofacial
cone-beam x-ray CT scanner (CB MercuRay; Hitachi
Medico Technology, Tokyo, Japan, or KaVo 3D eXam;
KaVo, Biberach, Germany) in the radiology depart-
ment. The scanning conditions were 100 kVp, 10 mA,
F-mode, 512 slices/scan (slice width: 377 mm), and
9.6-second acquisition time. Measurement of errors
between the two CBCT models was verified using the
method reported by Katayama et al.,16 which confirmed
that the error was very small and nonproblematic.

Tooth Size Measurements

Open-source OsiriX medical image processing
software (Pixmeo, Geneva, Switzerland; www.osirix.
viewer.com) was used to reconstruct the data, which
were exported in DICOM format to a MacBook Pro
personal computer (Mac Os X El Capitan 10.11.6,
Apple, Cupertino, Calif). For tooth length measure-
ments, multiplanar reconstruction was used to orient
the CBCT images, according to a modification of the
method of Abeleira et al.17 Each target tooth was
positioned according to the method of Abeleira et al.17

The crown height (CH) and root length (RL) were
measured in the coronal plane. To measure CH, a line
was drawn perpendicular to the line between the
buccal and palatal limits of the cementoenamel
junction to the incisal edge or to the tip of each cusp
in the case of premolars and molars. To measure RL, a
line was drawn perpendicular to the line between the
buccal and palatal limits of the cementoenamel
junction to the apex of the tooth root(s) (Figure 1). In
the maxillary and mandibular central incisors (upper
[U]1, lower [L]1), lateral incisors (U2, L2), and canines
(U3, L3), the distance between the incisal edge and the
root apex was measured. In the premolars (U4, U5, L4,
L5) the distance between the buccal cusp and buccal
root apex was measured. In the upper molars, the
distances between the mesiobuccal cusp tip and
mesiobuccal root apex (U6M, U7M), between the
distobuccal cusp and distobuccal root apex (U6D,
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U7D), and between the mesiopalatal cusp tip and
palatal root apex (U6P, U7P) were measured. In the
lower molars, the distances between the mesiobuccal
cusp tip (L6M, L7M) and mesial root apex and between
the distobuccal cusp tip and distal root apex (L6D,
L7D) were measured. The average of left and right
measurements for each tooth was used as the crown
and root lengths. If only one side was measurable,
those measurements were used. If the teeth on both
sides were unmeasurable, the value was considered
missing. One researcher (YH) evaluated tooth length.
To investigate intraoperator error, 25 cases were
randomly selected and remeasured under identical
conditions in separate sessions with a 2-week interval.
Measurement error was estimated with Dahlberg’s
formula (S2 ¼

P
d2/2n).18,19

Mandibular Measurements

Mandibular measurements were made following the
method reported by Nakawaki et al.14 The mandibular
bone region was segmented from the image data and
analyzed with Analyze 3D reconstruction software
(Biomedical Imaging Resource, Mayo Clinic and
Foundation, Rochester, Minn). Mandibular length and
angle were measured by autotracing the outer circum-
ference of the cortical bone on all slides using Analyze.
These autotraces were superimposed to prepare an
object map for length measurement. Dental crown data
were extracted separately from mandibular data

because they may be affected by artifacts, such as
prostheses. The mandibular measurement items were
as follows: CD-GO, GO-GN, RCD-LCD, RGO-LGO,
RCP-LCP, and the gonial angle (Figure 2). One
researcher (TN) evaluated mandibular measurements.

Statistical Analysis

Principal component analysis (PCA) was performed
to improve the exploration and visualization of mor-
phological variations by decreasing the dimensionality
of the obtained data. Metric tooth-length data were
used to create a correlation coefficient matrix. PCA
was performed using the correlation coefficient matrix.
Eigenvalues, eigenvectors, and principal component
(PC) scores were obtained. The PCA of tooth length
included individual measurements of both crown height
and root length. Stepwise multiple regression analysis
was performed to examine the associations between
three-dimensional mandibular morphology and the
patterns of crown and root lengths using mandibular
measurements as explanatory variables and each PC
as the dependent variable. Statistical analyses were
performed with Statcel3 software (OMS Publishing,
Saitama, Japan), with the significance level at 5%.

RESULTS

The tooth measurement error estimated according to
Dahlberg’s formula was 3% or less for each item,
indicating sufficient reproducibility. PCA of tooth
measurements revealed that the top six PCs (cumu-
lative contribution: 69.2%) had an eigenvalue greater
than 1. This finding indicates that the first six PCs
effectively represent the metric data. The patterns of
the top three PCs were especially easily interpreted
(Figure 3). PC1 had an eigenvalue of 16.85, which
contributed 42.1% of the total variance, and represent-
ed overall tooth length. PC2 had an eigenvalue of 5.16
(12.9%); positive PC2 scores denoted relatively longer
root and shorter crown. PC3 had an eigenvalue of 2.32
(5.81%) and represented a relatively longer posterior
tooth (þ) vs anterior tooth (�). As for PC4 and higher
PCs, however, it is difficult to give a concise
interpretation because these PCs could include statis-
tical artifacts generated after extraction of the lower
PCs. For mandibular measurements, the mean values
and standard deviations are shown in Table 1. The
results of the stepwise multiple regression analysis are
shown in Table 2. CD-GO was positively associated
with PC1 scores. RGO-LGO was positively associated
with PC2 scores, whereas GO-GN, RCP-LCP, and
gonial angle were negatively associated with PC2
scores. Being female was associated with higher PC3
scores.

Figure 1. Tooth size measurements on CBCT images. CH indicates

crown height; RL, root length.
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DISCUSSION

Orthodontists have not been able to answer the very
basic question, ‘‘How closely are big teeth correlated
with jaw size?,’’ with clear evidence. Obstacles to
clarification of this relationship include the small
number of samples and the large degree of morpho-
logical variation. CBCT provides information about root
length in living individuals, regardless of tooth type.
PCA has been used to reduce the dimensionality of
data and to simplify identification of morphological
variations.20 In the present study, the advantages of
CBCT and PCA were used to examine the relation-
ships between mandibular morphology and patterns of
crown and root length. Correlations between tooth
length and three-dimensional mandibular morphology
were found.

Previous studies1,2,6,8–10,12,13,21–23 have investigated the
relationship between tooth length or width and body
height. Among these, several8,12,13,23 have evaluated the
relationship between tooth length and mandibular
morphology. Garn et al.23 reported correlations be-
tween root lengths of the mandibular first premolar
through the mandibular second molar and Ar-Gn on

458 oblique jaw radiographs in 122 American adoles-

cents. Le Cabec et al.13 used micro-CT imaging to

investigate the correlation between mandibular tooth

root length and the size of the symphyseal region in 22

German dry skulls but found no correlations. Smith et

al.12 found small correlations between crown width

(mesiodistal diameter), root length, and corpus height

on dental occlusal films in Maori (circa 1100–1900 AD)

and Aboriginal populations from Roonka (7000 BP to

1800 AD). Plavcan and Daegling8 investigated the

relationships between mandibular canine crown height,

mandibular breadth and height, and symphyseal height

in anthropoid primate dry skulls and found no clear

correlations. The mandibular morphology measure-

ment regions in the present study were CD-GO, GO-

GN, RCD-LCD, RGO-LGO, RCP-LCP, and the gonial

angle, according to three-dimensional measurement.

In previous reports, human mandibular morphology

was investigated by observing only Ar-Gn,23 the

symphyseal region height,8 or corpus height.12 In the

present study, associations were observed between

tooth size and mandibular morphology, not only in the

lower alveolar region but also in the entire mandible.

Figure 2. Mandibular measurements on CBCT images: CD-GO (mm), GO-GN (mm), RCD-LCD (mm), RGO-LGO (mm), RCP-LCP (mm), and

gonial angle (8).

Angle Orthodontist, Vol 88, No 4, 2018

406 HIKITA, YAMAGUCHI, TOMITA, ADEL, NAKAWAKI, KATAYAMA, MAKI, KIMURA

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-16 via free access



Figure 3. Principal component (PC) loading for each PC. PC analysis of tooth length measurements.

Table 1. Means and Standard Deviations (SDs) of the Mandibular Measurements from Cone-Beam Computed Tomography (CBCT)

Males (n ¼ 66) Female (n ¼ 115)

Mean 6 SD Range Mean 6 SD Range

CD-GO, mm 164.13 6 13.89 124.66–193.87 144.17 6 11.76 182.99–111.65

GO-GN, mm 224.51 6 14.57 185.27–252.31 209.20 6 12.46 241.47–173.28

RCD-LCD, mm 328.44 6 15.69 296.25–374.43 313.70 6 16.25 358.30–272.11

RGO-LGO, mm 255.73 6 15.60 229.21–300.26 233.89 6 13.51 271.15–202.17

RCP-LCP, mm 259.73 6 14.21 232.67–310.37 246.12 6 11.20 273.54–216.26

Gonial angle, 8 121.59 6 5.88 110.30–137.60 125.19 6 8.83 192.72–104.45
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Previous studies on tooth length and mandibular
morphology in modern humans have evaluated mor-
phometry of the mandible with 458 oblique jaw
radiography23 or dental occlusal films,12 whereas CBCT
images were used this study. Unfortunately, research
on the relationship between tooth length and mandib-
ular morphology has not progressed in recent years.
However, the accuracy of distance measurements
made with CBCT has recently been reported.15,24,25 In
the present study, CBCT images were used to obtain
highly accurate three-dimensional mandibular and
tooth-length measurements, which may have led to
discovery of the novel associations.

Fukase and Suwa26 hypothesized that growth of the
anterior mandibular corpus is affected by tooth size
and spacing conditions until the time of tooth eruption.
They used a microfocal x-ray CT system to investigate
the influence of the size and position of developing
teeth (measurement of crypt) in determining anterior
corpus height in 63 modern Japanese dry skulls of
different dental ages. Although the study did not
directly compare the root length and mandible form,
mandibular height may be affected by root length and
eruption distance (vertical distance between upper
outer surface of the dental crypt and surface of alveolar
bone); however, this issue needs further investiga-
tion.26

The combination of PCA of tooth length and three-
dimensional morphometry of the entire human mandi-
ble revealed that tooth length was associated with the
three-dimensional width and morphology of the human
mandible. However, the causal relationship between
tooth length and mandibular morphology remains
unclear. Therefore, further study is necessary to
understand the morphogenesis of the tooth-mandible
complex.

CONCLUSIONS

� RGO-LGO was positively associated, whereas GO-
GN, RCP-LCP, and gonial angle were negatively

associated, with relatively longer root (þ) vs higher
crown (�).

� Being female was associated with relatively long
posterior tooth (þ) vs anterior tooth (�).

� The results indicate that there are relationships
between tooth length and three-dimensional mandib-
ular morphology, confirming in part the statement that
‘‘large teeth necessitate large jaws.’’
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