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Relationships between the root-crown ratio and the loss of occlusal contact

and high mandibular plane angle in patients with open bite

Sawako Ueharaa; Aya Maedab; Hiroshi Tomonarib; Shouichi Miyawakic

ABSTRACT
Objective: To determine the root-crown (R/C) ratio and dental root length of teeth in patients with
open bite and seek any relationships with occlusal contact (OC) and the mandibular plane (Mp)
angle.
Materials and Methods: Thirty-one patients with open bite with negative overbite of at least four
anterior teeth and 31 control patients with clinically normal overjet and overbite were enrolled. R/C
ratios, dental root length, OC, and Mp angle were measured using panoramic radiographs, dental
casts, and cephalograms, respectively. Mean differences between the groups, and variations
between the R/C ratio or root length and Mp angle in patients with open bite were statistically
analyzed.
Results: R/C and OC ratios from the incisors to premolars were significantly lower for patients with
open bite than for controls, and some teeth had short dental roots. Relationships between low R/C
ratio or root length and high Mp angle were significant in patients with open bite.
Conclusion: Patients with open bite, especially those with a high Mp angle, have an unfavorable
R/C ratio and short dental roots in some teeth, which may be related to the loss of OC. (Angle
Orthod. 2013;83:36–42.)

KEY WORDS: Open bite; Root-crown ratio; Root length; Occlusal contact; High mandibular-plane
angle

INTRODUCTION

According to a recent epidemiologic study, elderly
people with many teeth have relatively good occlusion;
their incidence of open-bite malocclusion is very low.1

This suggests that loss of occlusal contact (OC), as in
open-bite malocclusion, may increase the loss of teeth.
Studies of root morphology have shown that patients
with open bite are at risk for root resorption during
orthodontic treatment.2,3 The dental roots of maxillary
central incisors in patients with open bite have been
reported to be short.4 Moreover, the loss of normal
occlusal function or OC, that is, occlusal hypofunction
due to tooth loss or in malocclusions such as open bite,
leads to root resorption during tooth movement.5 Thus,
open-bite malocclusion and loss of OC play an important
role in dental root morphology, although the details
remain unclear. Additionally, open bite has various
morphologic features, such as high mandibular plane
(Mp) angle and long face.6 It has been reported that
patients with open bite and/or long face often exhibit a
weak occlusal force.6 In addition, low occlusal stimuli
may cause malocclusion and morphologic features such
as open bite and long face.7 However, the relationship
between the dental root length and the Mp angle is
unclear. In this study, we focused on the dental root
length, OC, and high Mp angle in patients with open bite.

An unfavorable root-crown (R/C) ratio due to short
dental roots may affect the prognosis of teeth.
Clinically, a short root may complicate treatment
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planning in orthodontic management or prosthodontics,
because short roots influence the anchorage and
mobility of teeth. Short dental roots have been observed
in some disorders, including Down syndrome,8 Turner
syndrome,9 and cleft lip and palate.10 Some studies
have reported that teeth with open-bite malocclusion
are at high risk for root resorption during orthodontic
treatment.2,3 However, few studies have evaluated the
original dental root length in patients with open bite.4

The purpose of this study was to examine the R/C ratio
and dental root length of all teeth in patients with open
bite and its relationships to OC and the Mp angle.

MATERIALS AND METHODS

Subjects

From 1998 to 2011, 1473 patients visited the
Department of Orthodontics at Kagoshima University
Medical and Dental Hospital, Kagoshima, Japan, and
were diagnosed using panoramic and cephalometric
radiographs and dental casts. Among these 1473
consecutive patients, all patients who met the following
exclusion and inclusion criteria were selected as open-
bite or control group subjects in the present study.
Exclusion criteria for both groups were (1) ,15 years
old, because the third molars and other permanent tooth
roots complete their growth around 14 years; (2) cleft lip
and/or palate; (3) craniofacial syndromes; (4) loss of .1
permanent tooth; or (5) history of orthodontic treatment.
Inclusion criterion for the open-bite group was a negative
overbite of at least 4 anterior teeth, and inclusion criteria
for the control group were a 1–4 mm overbite and a
1–4 mm overjet. Ultimately, the open-bite group
consisted of 31 patients with open bite, and the control
group consisted of 31 patients with malocclusion. No
significant differences were noted in the mean age or the
female to male ratio between the open-bite and control
groups (Table 1). The study design was approved by the
Kagoshima University Ethics Committee (#183).

Measurements

Cephalometrics. We used lateral cephalometric
radiographs, taken for orthodontic diagnosis for all
subjects, to reveal the characteristics of dentofacial

morphologies. The radiographs were traced by the
authors, and landmarks were identified and digitized
with a protractor and digital caliper. Bilateral structures
were bisected and their midsagittal points were
identified. To assess intraexaminer reproducibility
and reliability of the measurements, 15 cephalometric
radiographs were retraced at a minimum interval of
2 months. Differences between the original and
retraced radiographs were statistically analyzed using
a matched paired t-test. The cephalometric analysis
indicated no statistically significant differences be-
tween the original and repeat measurements.

Dental casts. Dental wear was assessed using the
tooth wear index11 because individual teeth with
substantial tooth wear were excluded in this study.
Moreover, the percentage of patients with OC on each
tooth in the centric occlusion position was examined by
dental cast. If contact was detected at least one point
for each tooth, the patient was considered to have OC.

Panoramic radiographs. We used R/C ratios in
dental panoramic radiographs showing the maxilla
and mandible to assess the dental root length using
the method of Lind.12–15 Outlines of the permanent
maxillary and mandibular teeth were traced on acetate
sheets from the panoramic radiographs, and the root
apex point, incisal edge point, and cement enamel
junction point were additionally marked. In teeth with
two roots, the root apex point was chosen as the
buccal root; in teeth with two buccal roots, the longer
root was marked as the root apex point. In most
incisors and molars, two points on the mesial and distal
incisal edges or buccal cusps were marked as the
incisal edge points. In canines and most premolars,
one point was marked as the incisal edge point. The
acetate sheets with the outlines of the teeth and critical
points were scanned at 1000 dpi resolution and viewed
on a large monitor, and each point on the scanned
images was retraced. For measuring the R/C ratio,
three parallel reference lines were drawn on the basis
of points traced on the large monitor. Crown height
was measured along the perpendicular line from line i
to line m. Root length was measured along the
perpendicular line from line a to line m (Figure 1).
The R/C ratio of an individual tooth was calculated by
dividing the root length by the crown height. The
criteria for excluding individual teeth were as follows:
(1) the reference points were not clearly visible, that is,
there was major overlapping of teeth (n 5 23), diffuse
images (n 5 9), outside the image layer (n 5 10), or
overlapping of the cervical spine (n 5 4); (2) extensive
caries, restorations, or endodontic treatment (n 5

114); or (3) a tooth wear index score .1 (n 5 50).
To support the low accuracy of the dental panoramic

radiographs, we evaluated the method error (ME) for
use of dental panoramic radiographs compared with

Table 1. Summary of Subject Dataa

Control

Group

Open-Bite

Group P Value

Number 31 31

Age (y; mean 6 SD) 24.2 6 4.0 22.5 6 5.9 NSb

Gender (female/total) 21/31 17/31 NSc

a NS indicates not significant.
b Unpaired t-test.
c Fisher’s exact test.
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periapical radiographs of the maxillary and mandibular
central incisors of 23 subjects who had both types of
radiographs taken during the same period. These teeth
were chosen because the measurement reliability for
incisors on panoramic radiographs is the lowest
among all tooth types.16 The MEs for the R/C ratios
and dental root length were calculated using Dahl-
berg’s formula17:

ME~

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiX
(d2=2n)

q

where d is the difference in the R/C ratio or root length
between the panoramic radiographs and periapical
radiographs and n is the number of teeth for which the
measurement was conducted. The MEs for the R/C
ratio and root length are shown in Table 2. When the
mean difference for the R/C ratio or root length
between the control and open-bite groups was less
than the ME, we considered it not significant.

To assess intraexaminer reproducibility and reliabil-
ity of the measurements, 332 teeth on 12 panoramic
radiographs were retraced at a minimum interval of
2 months. Panoramic radiographs in which fewer than
two individual teeth were excluded were chosen for the
reproducibility study. The precision of the R/C ratio and
root length measurements were calculated as the ME.

Differences between the original and retraced radio-
graphs were statistically analyzed using a paired t-test.
The correlations for the repeated intraexaminer R/C
ratio and root length assessment analysis showed
no statistically significant differences. The mean ME
values for the R/C ratio and root length were 0.088
(range, 0.064–0.110) and 0.50 mm (range, 0.29–0.89),
respectively.

Statistical Analysis

Differences in all variables between the open-bite
and control groups were analyzed. With respect to
numeric variables (age, cephalometric analysis, R/C
ratio, root length), significance was determined using
an unpaired t-test for normally distributed variables or
a Mann-Whitney U test for non-normally distributed
variables. For categoric variables (gender, percent
OC), significance was determined using Fisher’s exact
test. The observed probability was calculated for each
comparison, and P , .05 was considered statistically
significant.

Random intercept models were used to evaluate the
differences in the R/C ratio and dental root length with
Mp angle for the open-bite group. Multilevel linear
modeling18,19 was used in this study to reflect varying
data hierarchies. The data at the highest-level hierar-
chy (level 2) were the Mp angle in the subjects. The
data at the next level down (level 1) were the R/C ratio
and root length for each of the 14 tooth types. The
variance components model was used to evaluate the
need to consider clustered hierarchical data at the
tooth level (between tooth types). Among multilevel
linear statistical models, the variance components
model was the simplest hierarchical model containing
no explanatory variables and was used to establish a
mean outcome value.

Statistical tests were performed using conventional
statistical analysis software (SPSS for Windows,
SPSS Japan, Tokyo, Japan).

RESULTS

In the analysis of maxillofacial morphology by
cephalometric radiography, in the patients with open

Figure 1. Measurement of the root-crown (R/C) ratio in a tooth. Line

i, connecting the incisal edges or buccal cusps; line a, touching the

outermost part of the root and forming a tangent to the root apex

point; and line m, through the midpoint (m) of the line between the

mesial and distal sides of the cement enamel junction. Crown height

was measured along the perpendicular line from line i to line m. Root

length was measured along the perpendicular line from line a to line

m. The R/C ratio was calculated by dividing the root length by the

crown height.

Table 2. ME, Mean, and SD for the R/C Ratio and Root Length of the Maxillary Central Incisor and Mandibular Central Incisor Measured Using

Periapical and Dental Panoramic Radiographsa

Measurements

Control Group Open-Bite Group

ME n

Periapical X-p Panoramic X-p

ME n

Periapical X-p Panoramic X-p

Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD

R/C ratio of U1 0.18 23 1.76 6 0.14 1.91 6 0.18 0.16 19 1.46 6 0.17 1.63 6 0.13

R/C ratio of L1 0.13 23 1.99 6 0.09 2.09 6 0.18 0.14 16 1.78 6 0.18 1.75 6 0.23

Root length of U1 1.56 23 16.4 6 0.1 18.2 6 1.4 1.35 19 14.7 6 1.7 16.4 6 2.1

Root length of L1 0.95 23 14.6 6 0.5 14.4 6 1.4 1.30 16 13.6 6 1.7 12.2 6 1.6

a n indicates number of teeth; U1, maxillary central incisor; L1, mandibular central incisor.
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bite, the angles between the mandibular plane and S-N
(Mp-SN angle) were significantly larger than those of
the control group, whereas the overbites of the
patients with open bite were smaller than those of
the control group (Table 3). In the analysis of dental
casts, the percent OC in the open-bite group, other
than for molars, was significantly lower than that in the
control group (Table 4).

R/C ratios were calculated for 1515 teeth. R/C ratios
in the open-bite group were significantly lower than
those in the control group for all teeth other than
molars (Table 5). In addition, this difference exceeded
the ME (0.18 and 0.14 for maxillary and mandibular
teeth, respectively). Root lengths in the open-bite
group were significantly shorter than those in the
control group for all teeth other than the mandibular

central incisor and the molars (Table 6). This differ-
ence in the maxillary central incisor and premolars
exceeded the ME (1.56 and 1.30 for maxillary and
mandibular teeth, respectively).

Multilevel linear statistical models were used to
evaluate the relationships between the R/C ratio or
root length and the Mp-SN angle in the open-bite
group. A high Mp-SN angle was defined as having an
Mp-SN angle .1 standard deviation (SD) above the
mean20 (number of subjects: open-bite group, 23). The
methodology was preliminarily tested using the vari-
ance components model at the tooth level (between
tooth types). The variance was statistically significant
at the tooth level for the Mp-SN angle (Table 7).
Therefore, a random effect at the tooth level was
incorporated using random intercept models. Among

Table 3. Cephalometric Measurements for the Control and Open-Bite Groupsa

Measurements

Control Group (n 5 31) Open-Bite Group (n 5 31)

P ValuebMean 6 SD Mean 6 SD

Angular (u)

SNA 81.9 6 3.2 81.7 6 4.9 NS

SNB 78.7 6 3.4 80.1 6 5.0 NS

Mp-SN 34.8 6 6.4 42.9 6 6.6 ***

U1-FH 114.3 6 6.7 118.0 6 7.6 NS

L1-FH 56.4 6 10.0 57.1 6 12.0 NS

Linear (mm)

Overjet 3.0 6 0.7 1.8 6 3.7 NS

Overbite 2.7 6 1.0 23.7 6 2.8 ***

a NS indicates not significant; SNA angle, angle between the lines N-A and S-N; SNB angle, angle between N-B and S-N; Mp-SN angle, angle

between the mandibular plane and S-N; U1-FH, angle between the maxillary incisor axis and FH; L1-FH, angle between the mandibular incisor

axis and FH.
b Mann-Whitney U-test.

*** P , .001.

Table 4. Teeth Showing Occlusal Contact in the Control and Open-Bite Groupsa

Tooth Type

Control Group Open-Bite Group

P Valueb% (n/N) % (n/N)

Maxillary

Central incisor 90.0 (54/60) 0.0 (0/58) ***

Lateral incisor 89.1 (49/55) 0.0 (0/55) ***

Canine 79.5 (35/44) 13.1 (8/61) ***

First premolar 98.0 (48/49) 53.7 (29/54) ***

Second premolar 97.8 (45/46) 73.1 (38/52) ***

First molar 100.0 (48/48) 90.4 (47/52) NS

Second molar 100.0 (57/57) 96.3 (52/54) NS

Mandibular

Central incisor 91.1 (51/56) 0.0 (0/56) ***

Lateral incisor 93.0 (53/57) 0.0 (0/56) ***

Canine 95.7 (44/46) 8.5 (5/59) ***

First premolar 100.0 (62/62) 36.2 (21/58) ***

Second premolar 98.1 (52/53) 64.2 (34/53) ***

First molar 100.0 (47/47) 91.8 (45/49) NS

Second molar 100.0 (59/59) 100.0 (59/59) —

a n indicates number of teeth with occlusal contact; N, number of teeth; NS, not significant.
b Fisher’s exact test.

*** P , .001.
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the outcome variables for low R/C ratio and root length
at the tooth level, a high Mp angle (Mp-SN . 1 SD
above the mean) was statistically significant for teeth
of the open-bite group (Table 8).

DISCUSSION

It has been reported that R/C ratios and dental root
lengths can be measured accurately from panoramic
radiographs.21 We used Lind’s method to measure R/C

ratios10,12,14 and dental root lengths10,14 using panoramic
radiographs. In addition, assessing R/C ratios is to be
considered more reliable than absolute linear mea-
surements, such as dental root length in a radiographic
study, because alterations in tooth angulation are
known to affect radiographic tooth length, although the
change in R/C ratio is negligible.15 Therefore, we
considered the R/C ratio to be a more reliable
measurement than dental root length based on the
panoramic radiograph. In addition, we used the ME to

Table 5. Difference in R/C Ratio between the Control and Open-Bite Groupsa

Tooth Type

Control Group Open-Bite Group

MDb P ValuecMean 6 SD Mean 6 SD

Maxillary

Central incisor 1.93 6 0.18 1.59 6 0.15 0.34 ***

Lateral incisor 2.06 6 0.25 1.75 6 0.23 0.30 ***

Canine 2.03 6 0.17 1.75 6 0.24 0.27 ***

First premolar 2.25 6 0.27 1.89 6 0.29 0.36 ***

Second premolar 2.23 6 0.32 1.90 6 0.30 0.33 ***

First molar 1.82 6 0.22 1.78 6 0.20 0.04 NSc

Second molar 1.82 6 0.25 1.72 6 0.20 0.10 NS

Mandibular

Central incisor 2.04 6 0.23 1.85 6 0.25 0.19 ***

Lateral incisor 2.02 6 0.20 1.85 6 0.23 0.17 ***

Canine 2.08 6 0.20 1.92 6 0.29 0.16 ***

First premolar 2.32 6 0.26 2.02 6 0.29 0.30 ***

Second premolar 2.43 6 0.33 2.06 6 0.37 0.37 ***

First molar 2.18 6 0.19 2.13 6 0.25 0.06 NS

Second molar 1.99 6 0.22 1.96 6 0.29 0.03 NS

a NS indicates not significant.
b (Mean for R/C in the control group) – (Mean for R/C in the open-bite group).
c Mann-Whitney U-test.

*** P , .001.

Table 6. Difference in Root Length (mm) between the Control and Open-Bite Groupsa

Tooth Type

Control Group Open-Bite Group

MDb P ValuecMean 6 SD Mean 6 SD

Maxillary

Central incisor 18.5 6 1.6 16.4 6 2.0 2.10 ***

Lateral incisor 18.0 6 1.7 16.7 6 2.1 1.39 ***

Canine 21.0 6 2.0 19.7 6 3.0 1.34 *

First premolar 17.8 6 1.5 15.7 6 1.9 2.09 ***

Second premolar 16.5 6 1.9 14.9 6 2.0 1.57 ***

First molar 14.3 6 1.6 14.1 6 1.5 0.19 NS

Second molar 13.6 6 1.6 13.5 6 1.5 0.08 NS

Mandibular

Central incisor 13.9 6 2.1 13.6 6 1.8 0.38 NS

Lateral incisor 15.1 6 1.7 14.4 6 1.6 0.67 *

Canine 19.1 6 2.4 18.1 6 4.1 1.03 **

First premolar 17.5 6 2.0 16.0 6 1.9 1.55 ***

Second premolar 18.2 6 1.9 16.1 6 3.0 2.04 ***

First molar 16.9 6 1.4 16.6 6 1.7 0.30 NS

Second molar 15.8 6 3.9 15.1 6 1.7 0.66 NS

a NS indicates not significant.
b (Mean for root length in the control group) – (Mean for root length in the open-bite group).
c Mann-Whitney U-test.

* P , .05; ** P , .01; *** P , .001.
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improve the accuracy of the R/C ratios and dental root
lengths. The reproducibility values (ME) for the
intraexaminer R/C and root length assessments
observed in this study closely coincided with those
demonstrated in previous studies.12,14 Furthermore, we
compared the MEs for the R/C ratios and root lengths
of dental panoramic radiographs and periapical radio-
graphs. In the present study, when the mean differ-
ence for an R/C ratio or root length between the control
and open-bite groups was less than the ME, we
considered it not significant, thus supporting our use of
the dental panoramic radiographs. We believe the
statistically significant differences for the R/C ratios
between the groups are reliable because these
differences were greater than the ME.

The primary causes of short dental roots are
disturbances during root development or resorption
of the original roots. The background of developmen-
tally short-rooted permanent teeth may be genetic
(known as short root anomaly)8–10 or exogenous, such
changes associated with chemotherapy or radiation
therapy.22 In sex-linked genes, several studies have
suggested that the promoting effect of the Y chromo-
some on root growth is greater than that of the X
chromosome14; this may be the reason for longer roots
in males than females. In the present study, patients
with malocclusion and craniofacial syndromes were
excluded, and the ratio of males to females in the
control group was nearly the same as that in the open-
bite group. Thus, genetic disorders and sex-linked
genes did not influence the results of this study.

Occlusal hypofunction decreases alveolar bone
mass and accelerates bone resorption.23 The loss of
normal occlusal function or OC, that is, occlusal
hypofunction due to tooth loss or in malocclusions
such as open bite, leads to atrophic changes in the

periodontal ligament, such as narrowing of the
periodontal space, vascular constriction, and deforma-
tion of the mechanoreceptor structure.24,25 In experi-
mental occlusal hypofunction, external root resorption
in rat molars during tooth movement was significantly
greater than that evinced under normal conditions,
because the hypofunctional periodontium exhibited
progressive atrophic changes in all functional struc-
tures.26 Therefore, we hypothesized that a decrease in
OC would result in shorter roots. In the present study,
R/C ratios and OC rates were lower for most of the 14
tooth types in the open-bite group than in the control
group. These results suggest that the dental roots from
the incisors to premolars in patients with open bite may
be short and related to the loss of OC. Therefore,
increasing occlusal stimuli by orthodontic treatment of
open bite may promote root-length formation in
growing patients.

The Mp-SN angle in patients with open bite was
significantly larger than in the control patients. Patients
with open bite with a high Mp-SN angle often exhibit
weak occlusal force.6 Because dental root lengths
change due to occlusal hypofunction,26 we hypothe-
sized that a high Mp-SN angle would result in shorter
roots. In the open-bite group, we evaluated the
relationships between the R/C ratios and the Mp-SN
angle. However, the R/C ratios and Mp-SN angle were
within different levels of the data hierarchy. In addition,
sample sizes for each of the 14 tooth types classified
by the Mp-SN angle were unequal. This problem was
overcome by the use of multilevel linear models18,19 at
the tooth level. We found that a high Mp-SN angle was
related to a low R/C ratio and dental root length in
patients with open bite. These results suggest that
patients with open bite with a high Mp angle have
shorter dental roots than other patients with open bite.

Table 7. Variance Components Model for Outcome Variables of the R/C Ratio and Root Length at the Tooth Level (between Tooth Types) in

the Open-Bite Groupa

No. of Teeth

Estimate (SE)

R/C Ratio Root Length

All teeth examined 776 0.018 (0.007) 2.70 (1.05)

Classification by Mp-SN

Mp-SN ,1 SD above the mean 205 0.032 (0.014) 4.14 (1.68)

Mp-SN .1 SD above the mean 571 0.016 (0.007) 2.32 (0.92)

a All variance estimates significantly differed from zero (P , .05), indicating the need to consider clustered hierarchical data at the tooth level.

Table 8. Random Intercept Model for Outcome Variables of the R/C Ratio and Root Length in the Open-Bite Group

Fixed Effect

R/C Ratio Root Length

Estimate (SE) P Value Estimate (SE) P Value

Mp-SN . 1 SD above the mean 20.066 (0.021) ** 20.76 (0.18) ***

** P , .01; *** P , .001.
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To evaluate the dental root morphology in detail,
further research using computed tomography will be
needed.

CONCLUSIONS

N Patients with open bite have an unfavorable R/C
ratio from the incisors to the premolars, with some
teeth having short dental roots; these results may be
related to loss of OC.

N Patients with open bite with a high Mp angle have
shorter dental roots than other patients with open
bite.
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