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Changes of root lengths and crestal bone height
In nail biting patients

Chung-Ju Hwang”, Jung-Suk Kim?

Although the purpose of orthodontic treatment is to increase the function and aesthetics of the jaws as well as
to increase stability, there are side effects from the treatment itself such as root resorption and alveolar bone resorption.
Such resorption of the apical root is unpredictable and may even proceed into the dentin layer. Once the process has
begun, it is irreversible. By evaluating the effects of different oral habits, especially that of nail biting, and their
correlation with the root and the periodontal tissues, the appropriate biomechanics for orthodontic treatment can be
taken into consideration. The possibility of root resorption and alveolar bone loss during orthodontic treatment can
also be considered. Also, any legal problems that might occur may be pondered as well.

Among the male and female patients of the ages 10~15, 63 were chosen as the test group with known nail biting
habits at time of examination and within the same age range those without nail biting habits as the control group.
The test group was composed of 30 males and 33 females. The control group had 31 males and 32 females.

The result from this study were as follows :

1. Of the 63 patients of both the test and control groups, the male-to-female-ratio was 11, and had no statistically
significant difference in male and female root resorption.

2. In comparing crown length of the test and control groups, no significant difference existed, but in root length,
maxillary and mandibular right and left central incisors and mandibular right lateral incisors had a smaller value.
( p<0.001 )

3. Average crown—to-root ratio of the test group on the periapical view show a noticeably high value for the maxillary
and mandibular right and left central incisors and mandibular right and left lateral incisors. ( p<0.01 )

4, In comparing and evaluating the alveolar bone loss measured from the cemento-enamel junction to the alveolar
bone crest, mesial surfaces of the maxillary and mandibular right and left central incisors and distal surface of
maxillary right central incisor of the test group showed greater loss of crestal bone than the control. ( p<0.05 )
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he purpose of orthodontic treatment is to and jaws and to increase stability of the jaws. In
T increase function and aesthetics of the teeth reaching these goals, many unwanted side affects
may occur. Root resorption and alveolar bone
resorption are included. Resorption of the apical root
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Table 1. Average age of the control and experimental
group unit © yrs

Average Age
12.21 1.60
12.46 1.9

Although most research on root resorption focuses
on the cause and the predictability of root resorption,
no primary cause has been clearly proven. Only
individual sensitivity, hereditary factors, biome-
chanics related to systemic, local, and anatomical
factors, etc. have been mentioned.

In 1914 Ottolengui” was the first directly related
case of root resorption to orthodontic treatment, and
in 1927, Ketcham? proved the change in root form on
radiographic film before and after orthodontic
treatment..

Also Phillips?’) and Reitan” noted many factors
influencing root resorption of permanent dentition;
physiological tooth movement, pressure from near by
impacted teeth, inflammation of root apex or
periodontal tissues, tooth implantation or replantation,
continuous traumatic occlusion, tumors or cysts, and
metabolic disorder” or systemic disorder, local func-
tion or behavioral problems, orthodontic treatment,
idiopathic factors, etc.

On the other hand, Brezniak & Wasserstein®
classified factors causing root resorption after
orthodontic treatment into 4 groups ; biological factor,
mechanical factor, biological factor and mechanical
factor combined, and other factors.

Habit is one of these biological factors, and in this
category, nail biting, tongue thrusting habit associ-
ated with open bite, and increased tongue pressure
are included.

Odernick et al” studied the relationship between
frequency of habit and root resorption during
orthodontic treatment of 13-15 year-old Swedish
adolescents. According to his studies, among 340
adolescents who answered questionnaires, 45% had
nail biting habits, and among 1,025 interviewed
adolescents, 14.3% had severe nail biting habits.
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Table 2. Number of male and female patients in each

garoup
Growp  Mae
Control 31
Experiment 30 33 63

Studies by Wechsler,S) Coleman and McCalley,g)
Massler and Malone,w) Nilner,m Nilner and Lassing,
12 etc. show similar frequencies.

Also in Odernick’s” studies (252 teeth studied),
apical root resorption of patients with nail biting
habits after orthodontic treatment was significantly
high, and Newman® showed that increased tongue
pressure increases root resorption. Hwang &
Song'sw study also showed root resorption in
patients with nail biting habits.

In Korea, very few studies on the relationship
between oral habits and orthodontic treatment have
been performed or on evaluating root resorption, sex
before and after orthodontic treatment, type of
orthodontic treatment, amount of tooth movement,
length of treatment, etc.

Therefore, the purpose of this study is to protect
the patient during orthodontic treatment, to take into
consideration the adequate biomechanics, to achieve
a proper diagnosis, and document information on this
unknown area of study.

MATERIALS AND METHODS
1. Materials

This study was carried out at Yonsei Dental
Hospital’s Department of Orthodontics from July
1997 to February 1999 using children ages 10-15 who
visited with their parents, confirming their nail biting
habits and having a typical nail form.” Due to biting
nails regularly trimming nails is unnecessary and the
margin is irregular.

63 patients who stated nail biting during the
interview were the test group. Patients without nail
biting habits among the same age group were the



Vol. 29. No. 6, 1999. Korea. J. Orthod.

J-tt

CtJ

Incisal edge

C : Vertical length From incisal edge of the crown
to deepest of cemento-enamel junction
R : Vertical length from deepest of cemento-
enamel junction to root apex
J-Rt : Distance from cemento-enamel junction to
right alveolar crest bone
J-Lt : Distance from cemento-enamel junction to
left alveolar crest bone

Fig. 1. Measuring points for crown. root length
and alveolar bone loss,

control group. The test group consisted of 30 males,
33 females; and the control group 31 males, 32
females. Both groups had no cleft lip, cleft palate or
any other cranio—facial disorders, no known systemic
disease and no previous orthodontic treatment (Fig.
2).

2. Methods

(1) Radiography

Intraoral periapical views of the maxillary and
mandibular incisors were taken and long axis angles
of anterior teeth were evaluated by lateral
cepahalogram.

Before orthodontic treatment, intraoral periapical
views of maxillary and mandibular incisors were
taken by the paralleling cone technique (using XCP).
The crown and root length of each four incisors of

Changes of root lengths and crestal bone height in nail biting patients

the maxilla and mandible were measured. The
vertical length from the lowest portion of the
interproximal bone which is located below the mesial
and distal surfaces of each tooth, to the mesial and
distal cemento-enamel junction of each tooth was
measured.

(2) Measurements

1. Incisor length and alveolar crest bone level
measuring

The measuring points are indicated in Fig. 1. First,
using incisor periapical film, trace the anatomical
morphology of the tooth and the alveolar bone. At this
time, if the apex formation is not complete, the lowest
point is taken as the apex7). Connect the mesial-distal
incisal edges of incisors and connect the mesial-distal
cemento-enarnel junctions. Draw a line parallel to the
incisor edges tangent to the apex. The crown length
is measured vertically from the deepest portion of
cemento-enamel junction to the connected incisor
edge line. Root length is measured vertically from the
deepest portion of the cemento—enamel junction to the
apex. The mesial distal alveolar bone height change
is measured at each site vertically from the
paralleling line through the cemento—enamel junction
to the deepest portion of the interproximal alveolar
bone.

Since the lateral incisors of the maxilla and
mandible overlap with the central incisors and exact
measurement points were difficult to indicated, these
values were ruled out.

2. Lateral cephalograms were traced to measure
maxillary and mandibular long axis angles of
anterior teeth. The relationship between these
values and root length of each group were
analyzed.

A. Maxillary incisor axial angle ( Angle between long
axis of upper incisors and S-N plane )

B. Mandibular incisor axial angle ( Angle between
long axis of lower incisors and S-N plane )

* In this study, the nomenclature of teeth are done
by the F.DI Two— Digit System.
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Table 3. Comparison of long axis angles of anterior

teeth
Ul to SN 104.1° 106.2°
IMPA 92.9° 91.8°

(#11 : Maxillary right central incisor, #21 : Maxillary
left central incisor, #31 : Mandibular left central
incisor, #41 : Mandibular right central incisor, #12
 Maxillary right lateral incisor, #22 : Maxillary left
lateral incisor, #32 : Mandibular left lateral incisor,
#42 : Mandibular right lateral incisor)

* C  Crown length, R : Root length, J-Rt : Distance
from right CEJ to alveolar crest bone, J-Lt :
Distance from left CE]J to alveolar crest bone

(3) Statistical Evaluation
Paired t-test was carried out on each category, and
comparison and evaluation was done at 95%
reliability.
RESULTS

1. Comparison of maxillary and mandibular
incisor axial angle of each group

Maxillary and mandibular incisor angle on lateral
cephalograms were within normal limits, showing no
difference between the two groups (Table 3).

2. Comparison of crown length

No noticeable difference between the experiment
group and control group average crown lengths
(Table 4).

3. Comparison of average root length

Between the two groups, the root length of

maxillary and mandibular right and left central

incisors and mandibular right lateral incisors was
significantly shorter in the experiment group,
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Table 4. Average and standard deviation of crown
lengths

(unit : mm)

#11 11.71+0.80 11.87£096 ns
#21 11840834 1212+1.21 s
#31 | 947058 943+0.88 ns
#41 9571061 9.44+099 ns
#12 10.37£0.95 1021+1.52 ns
#22 10.34%0.82 10.6410.87 ns
#32 961+0.71 9.8010.82 ns
#42 950068 9.7510.82 ns

ns ; not significant

Table 5. Average and standard deviation of root length
(unit : mm)

o

Control
13.40+2.06 4

#11 1437£1.07

#1 1435+1.01 1360£1.98 v
#31 1282%1.01 11.97£1.2%5 Y
#41 1298107 11.88+1.42 ¥
#12 13.25+1.64 13.03£2.31

#22 13.36%1.17 1317+159

#32 13.20+1.06 12.96+1.99

#2 1334£1.14 12.79£1.33 Y

9 p<0.00L, ? ; p<ooL, ¥ ; p < 005

especially the mandibular right and left central
incisors had a low significance of p<0.001 (Table 5).

4. Comparison of crown-to-root ratio

Excluding the crown-to-root ratio of the maxillary
right and left central incisors, the four maxillary and
mandibular incisors had larger values than normal
(p<0.01). Crown-to-root ratio of maxillary and
mandibular central incisors of the experiment group
were especially high (Table 6, Fig. 2, 3).
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Fig. 2. Crown and root length of central incisors.

Table 6. Average and standard deviation of crown-
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Fig. 3. Crown and root length of lateral incisors.

Table 7. Average and standard deviation of alveolar

to-root ratio crest level of the maxilla (unit © mm)
- Control Experiment  Significance Control Epen’ment Significance
#11 0.82+0.72 0917015 ¥ #12 - Rt 150051 1731130
#1 0831007 091£0.14 Y #2 - Lt 1.35+1.00 1.34%0.90
#1 0.74+0.07 0.80*0.11 ? #1 - Rt 1.34 £058 1.78+055 ¥
#41 0.74+0.06 0.80%0.11 ¥ #1 - Lt 1.61+0.63 196£1.05 Y
#12 0.79£0.10 0.80%0.18 #1 - Rt 143£058 1.83£097 Y
#22 0781008 0.82%0.09 #1 - Lt 1524056 156068
#32 0732007 0.77£0.12 Y #2 - Rt 1.15£059 1.23+0.78
#2 0.720.08 077007 . #22 - Lt 163059 159+1.05

¥ p<000L, ¥ ; p<00L, Y p < 005

5. Comparison of changes in Alveolar bone
height

In measuring the length from the cemento-enamel
junction to the apex of the alveolar bone level,
experiment group with nail biting habits had lower
bone level toward the medial line at the mesial
surface of the tooth on maxillary left central incisors
(p<0.01), maxillary right central incisors (p<0.05),
and mandibular right and left central incisors
(p<0.05). Also, bone level was low (p<0.01) in the
distal surface of maxillary right central incisor (Table
7, 8).

In the experiment group and the control group,
there was crestal bone height difference in J-Rt of
maxillary teeth.

95 p<0001, ¥ 5 p<0.01, V5 p < 006

Table 8. Average and standard deviation of alveolar
crest level of the mandible (unit : mm)

Control ~ Experiment ~ Significance
2 - Rt 1554083 170%078
882 - Lt 1514086 L61=074
831 - Rt 165071 207101 v
8- Lt 152E07 1775090
841 - Rt 180%072 1914096
M1 -t 1753074 216+103 u
#2 - Rt 1734067 2001094
B2 - Lt 1381060 17009

¥ p<0.001, ? 5 p<00L, Y5 p < 005

693



Chung-Ju Hwang, Jung-Suk Kim

Conmparison of differences in alv. Bone loss
in J-Rt at each group
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Secg 0.4
SSE 03
ge— 02
53 ol
0
#12 #11 #21 #2
tooth

Fig. 4. Difference in average alveolar bone crest
difference in J-Rt of maxillary incisors of each
group.

DISCUSSION

Root resorption and alveolar bone resorption is one
of the biggest side effects of orthodontic treatment.
Especially in permanent dentition, if root resorption
was already in process before the treatment, the
frequency of resorption may increase. If idiopathic
root resorption before treatment exists, modification
of orthodontic treatment has no decreasing effect on
resorption.G) Massler & Malone,w) Phjllips,m
Newman, ¥ Malmgren et al,lg) reported more teeth
being involved than the control group.

Many radiographic images are used to study root
resorption. Among these are anterior periapical views,
and lateral cephalograms and panoramic views.
Levender and Ma]mgrenlg) used periapical view,
Harris & Beck™ used lateral cephalogram to
measure incisors, and panoramic View to measure
molars, Hendrix et al,ZZ) Kaley and Phillips.zs) used
panoramic view to evaluate root resorption of molars.
Kjaer24) and Hwang & Songw took periapical views
by paralleling cone technique to properly evaluate
incisors and used panorama to evaluate the existence
and degree of root resorption of molars. In the anterior
periapical view, the following errors may occur: first-
improper reference points, second — a projection error
during the radiographic imaging procedure. In order
to minimize errors, the XCPs for the paralleling cone
technique were from Yonsei Dental Hospital
Department of Radiology. Measurements were made
by one person in order to eliminate differences on
view of reference points on radiographs. Periapical
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. Crestal bone loss of maxillary and mandibular
central incisor mesial is shown, and distal of
maxillary right central incisor also had bone loss.{In
the experiment group, severe bone loss is marked by
black circle)

Fig. 5. Parts of importance in alveolar bone helght.

view with great errors were excluded. Baumrind et
al® stated that cephalograms’ measurements had 4
times more errors than measurements done on
intraoral periapical films. Intraoral periapical film is an
important recording device in comparing root
resorption before and after orthodontic treatment.
Becks,S) Newman,B) Goldie and Kingm) tried to
analyze several hormones quantatively in relation to
male and female root resorption differences. The
studies showed different results on relationship
between gender and root resorption frequency and
severity. Rudolph%) and Massler & Perrault®™
discovered iatrogenic root resorption to be more
frequent in women than men, but Becks,S) Phillips,m
Linge and Linge,ml) McFadden et al® reported no
gender differences. Hwang & Song’sw study states
the necessity of a study group of a more equal male
to female ratio. Most patients seeking orthodontic
treatment are female, especially in adults. The
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number of females are 25 times greater than the
number of males. This study is more accurate since
the male to female ratio is approximately 1:1 and as
a result, there is no difference in male or female
prevalence (Table 2). In Hwang & Song's™ study,
patients with recent oral habits or in elderly patients,
had severe root resorption. Of the 5 oral habits of
mouth breathing, nail biting, lip biting, thumb or
finger sucking and tongue thrusting, the most
frequent and severe root resorption was caused by
nail biting and tongue thrusting.

Rudolph,” Stenvik & Mjor,® and Linge & Linge”
reported relevance between root resorption and the
age at which treatment was received. Their
conclusion was the greater the age, the greater the
resorption. When the patient is younger than 11 years
of age, root resorption occurs less. On this basis,
these authors recommended early treatment. But
Phillips” and McFadden et al™ reported no
relationship between age and root resorption. In our
study, no great difference in root length before and
after treatment among age groups existed.

Axial angles of all maxillary and mandibular
incisors of both the experiment and control group
were within normal range. Hwang & Song’sm study
shows when axial angles are large, each incisor show
root resorption. Therefore, in relation to these results,
root resorption due to nail biting in this study group
is of no relation to previous root resorption due to
axial angulation (Table 3).

The main and effective method in observing root
resorption on radiographic photos is using a
crown-to—root ratio.” This is because crown length
remains almost constant while root length and
alveolar hone height decrease due to many internal
and external factors. On periapical view, 4 maxillary
incisors and the right and left mandibular lateral
incisors of the experiment group show significant
differences in crown-to-root ratio (Table 6). This
seems to be the result of biting nails with central
incisors, the size differences between maxillary and
mandibular incisors, and mandibular central and
lateral incisors occluding with maxillary central
incisors making all 4 mandibular incisors susceptible

Changes of root lengths and crestal bone height in nail biting patients

to root resorption. Mandibular incisors show an
especaiially high value since in order to bite with the
incisors the mandible is protruded more than C.O.,,
occluding with maxillary incisors exerting more
force. No significant changes in crown length were
shown (Table 4). Comparing the relationship between
root length and nail biting habits with the experiment
group and control group may not seem very
significant, but in comparing the values, those of
maxillary and mandibular right and left central
incisors and mandibular right lateral incisor were
shorter in patients with nail biting habits (Table 5).
In relation to the crown-to-root ratio, crown length
almost remains the same while the root becomes
shorter. Normally, patients with short roots before
treatment tend to show more root resorption after
treatment.13’32‘34’35)

In evaluating alveolar bone loss amournts, the form
of the cemento-enamel junction to the alveolar crest
bone, the amount of bone loss in mesial surfaces of
maxillary right and left central incisors as well as
mandibular right and left central incisors, and distal
surfaces of mandibular right central incisor of the
experiment group were significant (Table 7, 8 ). In
the early stages of root resorption with less than
3mm of bone loss, crestal bone loss seems to be more
important than root resorption.%’%‘?m This study also
shows quite a bit of bone loss at the mesial surface
of the central incisors of the experiment group with
nail biting habits (Fig. 4, 5). This also corresponds to
the crown-to-root ratio of the central incisor area. To
minimize calculation errors in anterior periapical
radiographs, digitalized imaging — such as C.T. which
has minimal image distortion should be used. All
measurements should be computerized. Also, in
evaluating patients with such Thabits, child
psychological factors, frequency, duration, severity of
the habit, oral hygiene, etc., should be taken into
consideration.

In treating the orthodontic patient, these oral habits
should be considered from the first examination and
identified. By using radiographic pictures, idiopathic
problems such as alveolar bone loss and root
resorption can be avoided. Also, the patient should be
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informed about the consequences of the oral habit so
that any side affects can minimized.

Alveolar bone loss is an important factor in
choosing biomechanics. When the patient’s oral habit
is taken into consideration during treatment, it is
possible to take more care during treatment as not to
cause root resorption and alveolar bone loss. One can
also prepare for any legal problerns.zS)

CONCLUSION

The purpose of this study is to evaluate the degree
of root resorption and alveolar bone loss related to
nail biting habits. The subjects were chosen among
male and female patients who visited Yonsei Dental
Hospital Department of Orthodontics for treatment in
1997. The age of the group was 10~15. The
experiment group was comprised of 63 patients with
nail biting habits at the time of the initial
examination. The control group consisted of the same
age group without nail biting habits. 30 were male
and 33 were female in the experiment group. 31 were
male and 32 were female in the control group.

The results from this study are. as follows :

1. The experiment and control group was comprised
of 63 patients with 1:1 male to female ratio. No
significant difference in root resorption between
the two groups was noticed.

2. In comparing crown length, no significant
difference between the experiment and control
group existed, but root length in the experiment
group of maxillary and mandibular right and left
central incisors and mandibular right lateral incisor
had a relatively shorter value (p<0.001).

3. In comparing the average crown to root ratio on
periapical radiographs, maxillary and mandibular
right and left central incisors and mandibular right
and left lateral incisors had significantly large
numbers (p<0.01).

4, In comparing alveolar bone loss, by measuring the
length from the cemento—enamel junction to the
alveolar crest bone, the mesial surfaces of
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maxillary and mandibular left and right central
incisors and distal surfaces of maxillary right
central incisor of the experiment group had greater
crestal bone loss than the control group.
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A% A22o|sh 2T Fol Mz B AT

AAth gt X FHef g wg Sl

$% 7844

wFA RS BHEE Aotst &2 75T AnEE Foln IF L mrete AT A8 3 Fol ASFF
NZ2E F5s 28 de] 7E /50 ST + Yot o2l A2He] FE dFo] Brbssta, okl F97A
338 F gen, B4 FusigA et o siA) FRAFRT £F ARV vRe A2 AF2Ad BNE 4TS
Brksto] mg A8 AL A9 nestn, aAAgES IAH 02 ASFR A 23 L2 7He ol A,
ARG AR A AEE 71E A Aotk

AFudL 10~15M9 P BAE ERE BN detd EEE7] MRS /K 39S APT e 3, 22
AR E£F 7187] MRl e 2& dxeez AFsdth ole2 AP ToA 27 9A30, A 338 0i%la,
dxTAME A 317, o4 3280l en ot 2o A7 Ads dsith

N

£

L A8es d2ee 47 639S gz d5en do 5l &2 10| x, X 2E5l oA BA A o2 F.ozte
frolAd Aoly HolA] 9t

2. Ao ZolE vud w 4FFH h2TA A e 2olE Rolx] ggton, 229 Zeole A¥TdA 2
sl F& FAHX G gt & AR A AulFoz o e e BHTH p<0.001 ).

3. AT A2 WA AR A7 o) A2 FF Dol vlolA Akt 4 FAX S st FF SEA A
oA JE & #E ¥ (p< 001 ).

4. Cemento-Enamel Junction®|A] alveolar crest boneZtA19) Ae] 273 o o8 X 2F A ko] vlw Hr1e 39 AHF
A 4 st F 95 AR 9 24U F = S 9 AN vlRTEG §24 YA crestal bone®] A
< B9t} ( p<0.05 ).

=R o - EEs) 6 RiIZEs. X2 A Crown/root ratio
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