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Application of all-NiTi mechanics combined with
J-hook headgear in the treatment of
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Impaction of lower permanent second molar
and its relationship to the mandibular components

Wuthipong Laoamata* Niramol Chamnannidiadha** Porntip Chiewcharat**

Abstract

The purposes of this study were to investigate the relationship between the mandibular components and the
impaction of lower permanent second molar and to investigate the prevalence of the impaction of lower permanent
second molar in the orthodontic patients. Samples were selected by purposive sampling from 2500 patients in the
Department of Orthodontics, Faculty of Dentistry, Chulalongkorn University. The patients with the impaction of
lower permanent second molar were counted to calculate the prevalence. The 11 mandibular components were
measured from the pretreatment radiographs and dental casts. The binary simple logistic regression analysis was
performed to determine the relationship between each of the mandibular components and the impaction of lower
permanent second molar. The prevalence of the impaction of lower permanent second molar in this study was
1.92%. The mandibular components which had a significant relationship to the impaction of lower permanent
second molar were mandibular body length, lower arch length discrepancy, posterior arch width and curve of Spee
at 95% confidence intervals.

Key words: impaction « lower permanent second molar - mandibular components « prevalence - relationship
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* postgraduate student, Department of Orthodontics, Faculty of Dentistry, Chulalongkorn University
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1. Effective length of mandible (Co-Gn)
2. Corpus length (Xi-Pm)

3. Ramus height (Ar-Go)

4. Mandibular body length (Go-Me)

g1
Fig. 1

5. Mandibular arc (degree)
6. Gonial angle (Ar-Go-Me)
7. Upper gonial angle (Ar-Go-N)

8. Lower gonial angle (N-Go-Me)
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The mandibular components measured from lateral cephalometric radiograph
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s1ei 1
Table 1
side of impaction.
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The number and percentage of the samples with impacted lower permanent second molar, presented in sex and

The impaction of lower

Side of the impaction of lower permanent second

permanent second molar Sex molar
Male Female Left Right Both
N 15 33 15 14 19
% 31.25 68.75 31.25 29.17 39.58
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Angle of inclination of the impaction between lower permanent second molar and lower permanent first molar
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Means and standard deviations of the angle of inclination of the impaction between lower permanent second molar

and lower permanent first molar presented in side of impaction.

The impaction of lower permanent
second molar

Angle of inclination of the impaction between lower permanent second molar

and lower permanent first molar (degree)

Mean SD
Left side 37.69 16.63
Right side 37.86 15.10
Both sides 37.58 15.81
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Table 3 Percentage of the parameters in this study categorized by the characteristics of the samples and the odd ratio for

the relationship of each parameters and the impaction of the lower permanent second molar (L7).

Parameters % of characteristics Relationship to the impaction of L7
Crude odd ratio p-value
Effective length of mandible (Co-Gn) Normal 58.9 - -
Increased 18.9 2.6 .105
Decreased 22.1 0.5 .195
Corpus length (Xi-Pm) Normal 71.6 - -
Increased 13.7 1.8 .343
Decreased 14.7 1.5 494
Ramus height (Ar-Go) Normal 62.1 - -
Increased 24.2 1.722 277
Decreased 13.7 0.949 932
Mandibular body length (Go-Me) Normal 73.7 = =
Increased 22.1 4267 .010*
Decreased 4.2 1.333 .780
Mandibular arc Mesofacial 53.7 = =
Dolichofacial 30.5 0.750 .630
Brachyfacial 15.8 1.841 .198
Gonial angle (Ar-Go-Me) Normal bite 49.5 - -
Open bite 46.3 0.880 902
Deep bite 4.2 0.083 .603
Upper gonial angle (Ar-Go-N) Normal 49.5 = =
Increased 11.6 2.579 172
Decreased 38.9 2.161 .085
Lower gonial angle (N-Go-Me) Normal 453 - -
Increased 16.8 1.048 937
Decreased 37.9 1.171 727
Lower arch length discrepancy Normal 31.8 = =
Spacing 8.0 0.093 .039%
Crowding 60.2 0.394 .054
Posterior arch width Normal 46.6 - -
Increased 33.0 2.969 .031*
Decreased 20.5 0.781 .678
Curve of Spee Normal 61.4 = =
Excessive 38.6 0.116 <.001*
Recessive 0.0 = =

*p <.05.
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A study of durian-rind polysaccharide mouthwash
on the level of S.mutans in fixed orthodontic patient

Ngarmporn Thunyakitpisal*Vachara Phetcharakupt** Pasutha Thunyakitpisal*** Sunan Pongsamart****

Abstract

The purpose of this clinical study was to investigate the antibacterial activities of mouthwash which
contained polysaccharide extracted from fruit-hull of durian (Durio zibethinus L. ) against Streptococcus mutans in
whole saliva after use at 1 hour and 1 week. The 0.2% chlorhexidine mouthwash and normal saline were used as
positive and negative control, respectively. Thirty six fixed orthodontic patients aged between 16 to 35 were
assigned to use all types of mouthwash in random sequence with at least 2 weeks interval. Bacterial colony per
milliliter (CFU/ml) in saliva were measured prior to rinse, 1hour and I week after use of each mouthwash. Paired

* Idanangasinnmaasuniiaga avivniuanisuiaily sadniuanssudailu anziuaunnemans guasnsel
UMINdY
= madnfiuanssuiailu aaziuaunmomans pnasnsalniiineds
£k 9IATYINLAMAMANT AATTUALNNIANEAT PNAINTAIUNIINGED
sk 3Rl AULINFYMARS PNaINIalNMIINGd
* postgraduate student, Department of Orthodontics, Faculty of Dentistry, Chulalongkorn University
** Department of Orthodontics, Faculty of Dentistry, Chulalongkorn University
*** Department of Anatomy, Faculty of Dentistry, Chulalongkorn University

**%% Department of Biochemistry, Faculty of Pharmaceutical Sciences, Chulalongkorn University
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T-test and One-way ANOVA were used in data analysis. Durian-rind polysaccharide mouthwash significantly
reduced the level of Streptococcus mutans (P<0.05) from 5.433 to 4.841 and 4.965 log(CFU/ml) at 1 hour and
1 week later, respectively. Antimicrobial effect of durian-rind polysaccharide mouthwash was significantly less than
that of chlorhexidine at 1 hour, but not significantly difference at 1 week.

Key words: durian-rind polysaccharide - fixed orthodontic patient - mouthwash « Streptococcus mutans
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Figure 1 Means and standard deviations of the levels of Streptococcus mutans in volunteer’s whole saliva. The saliva samples were collected

before (baseline) and after using mouthwash for 1 hour and 1 week

PG = durian-rind polysaccharide mouthwash, Saline = 0.9% normal saline, CHX = 0.2% cholrhexidine
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Time interval Mouthwash Mean differences Std. Error Sig. (2-tailed)
(log CFU/ml) (log CFU/ml)
Before — 1 hour PG vs. Saline .567 .072 <.001*
CHX vs. Saline 971 .076 <.001*
PG vs. CHX 404 .089 <.001*
Before — 1 week PG vs. Saline .345 .105 .004*
CHX vs. Saline .581 .120 <.001*
PG vs. CHX 228 .133 251

* p-value <.05
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Prevalence rate of radiographically diagnosed proximal caries
in a group of patients at the Faculty of Dentistry, Mahidol University

Somchai Manopatanakul * Oranuch Jearnsujitwimol*

Abstract

Dental caries is the most common dental disease. Some patients may have clinically undetectable proximal
caries which requires bitewing radiographs prior to orthodontic treatment. During treatment, to reevaluate the
existent proximal caries and assess new lesions, more radiographic examination will be required. If the prevalence
rate of the caries is known, the frequency of repeat radiographic examination can be established precisely. It is the
aim of this study to evaluate the prevalence rate and site-distribution of the proximal caries in a group of patients.
The bitewing radiographs of seventy-six patients prior to treatment at Department of Hospital Dentistry, Mahidol
University were examined. Chi-square test was utilized to test whether the presence of proximal caries was due to
the dependence of two variables, sides (left or right) and dental arches (maxilla or mandible). The result showed
that thirty-six patients (47.37 per cent) showed at least one surface of proximal caries. The mean of proximal
carious surfaces was 3.64 surfaces per person. (S.D.=2.76) Among these lesions, 91 lesions were confined enamel
caries and 40 lesions were dentinal caries. There is no significant dependence between the proximal caries
prevalence neither on sides nor dental arches. (p>0.05) To summarize, the percentage of individual with proximal
caries of this group of patients is lower than previous studies. However, the average surfaces of proximal caries per
person were not low. In addition, the distribution of caries showed 91 clinically undetected enamel caries.
Therefore, it is recommended to have the bitewing radiograph and preventive dentistry for new orthodontic
patients.

Key words: orthodontic treatment « prevalence rate « proximal caries « radiography
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Introduction

Dental caries is one of the most common dental
diseases. The cost of treatment increases dramatically
from an incipient lesion to an exposed pulp. Early
detection of caries helps reduce this expense. It also
eases the treatment procedure and the dental visits
significantly. While occlusal and smooth surface caries
are easily detected and treated, proximal caries detection
is more complicated.

Lith and his colleagues suggested that clinical
examination under-detected proximal caries.'" Therefore,
bitewing radiography seems to be the practical way for
proximal lesions detection.’ However, the accuracy of
this radiograph is skeptical. A false positive is not
uncommon especially when the prevalence rate of
caries is low.”) Treatment options according to this
diagnostic method are also confusing. When the outer
wall of the enamel is violated and the cavity is formed,
the treatment of choice is restoration. However, when
the cavity is still confined to the enamel, treatment
options are intriguing. Although, overtreatment by filling
is recommended by some operators®, the remineralization
process also provides a cheaper non-aggressive option.
To arrest the caries process, extensive oral hygiene
instruction, information about dietary habits and fluoride
application should be designated. In addition, repeat
bitewing radiography should be cautiously done. This
process is made so that the carious lesion would be
detected before reaching the inner half of the dentin.”®)
While the radiographic guideline is recommended, the
bitewing radiograph to detect the caries in the individual
patient should be exercised circumspectly. Moles and
Downer found that this guideline for the frequency of
bitewing radiography is too permissive for dentists.®
Individual intervals between repeat bitewing radiographs
also are determined by the caries risk, in other words,
prevalence rate of caries in the community.

In orthodontic extraction cases where removal
of some permanent teeth is necessary, orthodontists
have always been requested that a tooth with caries be
removed instead of a sound one. However, removal of
a defective tooth causes treatment time to be longer or
treatment procedure to be more complicated in some
cases. Therefore, it is of value to know whether proximal
caries detected in the radiograph are true positive
caries. As shown previously, preventive dentistry
might arrest the caries process. On the other hand,
the unwanted effect that may happen will be undetected
proximal caries. Because only caries extending into
dentin shows cavity formation clinically(z), enamel caries
is not detectable. This enamel caries, if left untreated
may extend into the inner half of the dentin or pulpal

cavity during orthodontic treatment. Even worse, it
may not be detected during orthodontic treatment if
the teeth were banded. This scenario can be avoided by
preventive dentistry. Otherwise, it may cause patient’s
disapproval especially in extraction cases. Ultimately,
it is also the individual caries risk or the prevalence
rate of caries in the community which determines
the progression of caries and finally affects the decision
of an orthodontist.

Hugoson and his colleagues investigated proximal
caries in 1973, 1983 and 1993. In the age group of
30-year-olds, they reported the carious proximal surface
of 1.7, 3.3 and 3.6 surfaces per person respectively.!”
While the authors reported that overall oral health
improved greatly in this 30-year period study, proximal
caries did not. Studies by Fosling et al. and Bjarnason
and Grondahl investigated proximal caries in teenagers
only.®? While Fosling et al. showed that 69.3 per cent
of individuals had proximal caries,® Bjarnason and
Grondahl reported the higher percentage of 94 per cent."’

Although, the information of DMFT and DMFS are
available in Thailand, there is poor correlation between
occlusal surface caries and proximal caries.”” In
addition, proximal caries that confines to enamel
cannot be detected clinically. While proximal caries
information in Thailand is available mainly for Thai
children, the prevalence rate of the proximal caries from
bitewing radiographs in adults is lacking. Further, little
is known about the site-distribution of the proximal
caries in Thai. Furthermore, at present, there is no
report evaluating the dependence of proximal caries
prevalence on the sides and dental arches. Therefore,
it is the aim of this study to report the prevalence rate
and site-distribution of the proximal caries from the
bitewing radiographs. The test whether the presence of
the proximal caries was due to the dependence of two
variables, sides and dental arches, will also be carried
out.

Material and method

The bitewing radiographs of 76 patients who
were accepted in the Department of Hospital Dentistry,
Mahidol University were analyzed. All patients were
exposed to the bitewing radiography with Belmont
Searcher model DX 068 dental X-ray machine,
operating at 65 kV, 8 mA and 200 mm SSD (Takara
Belmont, Japan). Kodak D-Speed films were used.
(Carestream Health Inc., US) The films were developed
manually as recommended by the company using
Kodak developer and fixing solutions. (Carestream
Health Malaysia Sdn. Bhd., Malaysia). The radiographs
were read by six dental students who were trained
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by one staff member of the Department of Hospital
Dentistry(SM). All students had access to all films of
a single patient at the time of the reading. Three light
boxes with viewers providing a two-time magnification
were used. All radiographic interpretations were
reexamined by experienced staff members of the
Department. At the time of radiography, all patients lived
in Bangkok with a natural drinking water content of
fluoride under 1 part per million.

The proximal surfaces were read from the mesial
surface of the first permanent premolar to the distal
surface of the second molar. There have been various
categorizations reported in previous studies. This study

proposed a systematic and detailed categorization. The
category for the reading was coded 0 when sound
enamel is detected. It was coded E1 when the caries
was confined to the outer third of the enamel. E2 stood
for the enamel caries that extended more than one third
but no more than two thirds of the enamel thickness.
E stood for the enamel caries that extended more than
two thirds of the enamel thickness. Likewise, dentin
caries was coded in the same way except for the alphabet
was changed to D. When the caries progressed into the
pulpal cavity, it was designated as P. This categorization
was summarized in Table 1.

Table 1 The categorization of the severity of proximal caries and their code designation.
Code Radiographic characteristics
0 Sound enamel
El Enamel caries confined to the outer third of the enamel thickness.
E2 Enamel caries extended more than one third but no more than two thirds of the enamel thickness.
E Enamel caries extended more than two thirds of the enamel thickness.
D1 Dentin caries confined to the outer third of the dentin thickness.
D2 Dentin caries extended more than one third but no more than two thirds of the dentin thickness.
D Dentin caries extended more than two thirds of the dentin thickness.
P Dental caries exposed pulpal cavity.
Results caries is shown in Tables 2 and 3, and Figure 1. For

Among seventy-six patients, twelve men and
twenty-four women (36 patients) showed at least one
surface of proximal caries. These consisted of 47.37
per cent of the overall patients. The average age of
these patients was 29.19 years. (S.D. =10.14) The total
number of teeth with proximal caries was 118. The total
number of surfaces with caries was 131. The mean
of carious surfaces was 3.64 surfaces per person.
(S.D. =2.76) Three of these lesions exposed the pulpal
cavity and required endodontic treatment. There were
49 and 42 surfaces of maxillary and mandibular enamel
caries, respectively. There were 24 and 16 surfaces of
maxillary and mandibular dentin caries, respectively.
There was more proximal caries surfaces and teeth in
the maxillary teeth than the mandibular teeth. The total
number of enamel caries was 91 surfaces. The sum of
the dentin caries of the maxillary and mandibular teeth
was 40 surfaces. The site-distribution of the proximal

20

the maxillary arch, the most prevalent proximal caries
were found on the first molar. By contrast, in the
mandibular arch, proximal caries was most prevalent on
the second premolar. The contingency table (Table 4)
illustrates the sides (left or right) and dental arches
(maxillary or mandibular arches) of the radiographic
diagnosis of proximal caries by counting tooth surfaces.
Table 5 is the similar contingency table, however, with
the different unit count of number of tooth. To assess
the dependence of the prevalence of the proximal caries
on sides and dental arches, the Chi-square analysis was
utilized. When the data from contingency table counted
by surface of proximal caries (Table 4) were analyzed,
no significant dependence was found on both factors,
side and dental arch. (p > 0.05). A similar Chi-square
analysis was made on the contingency table counted
by number of tooth (Table 5), and again no significant
dependence was found (p > 0.05).
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Table 2 The distribution of the proximal caries of the maxillary teeth. (Di:Distal, Me:Mesial)

Enamel E2 E2 El El E2 El El E2 El El El E2 El E2
caries
E2 El E2 E2 E2 E2 E2 | E2 | El E2
E2 E2 E2 E2 E2 E2 | E2 | E2 E2
E2 E2 E2 E2 E2 E2 E2 E2
E E E2 E2 E2
E2 E2 E2 49
Dentin D1 D1 D1 D D2 D2 D1 D1 D1 D2 D2
caries
D1 D D1 D2 | DI
D1 D2
D2 D2
D 21
Exposed P P
pulp
P 3
Total
(surfaces) 1 3 6 7 4 6 7 0 9 1 2 10 6 7 0 4 73

Table 3

The distribution of the proximal caries of the mandibular teeth. (Di:Distal, Me:Mesial)

Enamel E2 E2 | E2 El El El El El | E1 | E2 | E2 El
caries
E2 E2 El E2 E2 E2 E2 E2 E2 El
E2 E2 E2 E2 E2 E2 | E2 | E2 E2
E2 E2 E2 E2 | E2 E2
E2 E2 E E2
E2 42
Dentin D1 D1 D2 D D1 D1 D1 D2 D D2 D1
caries
D D D D
D 16
Total
(surfaces) 1 5 6 3 6 4 2 0 5 0 7 5 4 2 1 7 58

El, Enamel caries confined to the outer third of the enamel thickness; E2, Enamel caries extended more than one third but no more than two
thirds of the enamel thickness; E, Enamel caries extended more than two thirds of the enamel thickness; D1, Dentin caries confined to the
outer third of the dentin thickness; D2, Dentin caries extended more than one third but no more than two thirds of the dentin thickness;
D, Dentin caries extended more than two thirds of the dentin thickness; P, Dental caries exposed pulpal cavity.
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Fig. 1  The site-distribution of enamel and dentin caries surfaces (n) of maxillary (max.), mandibular (mand.) and both
maxillary and mandibular teeth. (total)
n
131
| Enamel caries
i Dentin caries
58 d total
a2
16
max. mand. total
Table 4 The summary of the number of tooth surfaces Table 5 The summary of the number of tooth with
with carious lesions, distributed by side and carious lesions, distributed by side and dental
dental arch arch
Tooth Surface Right side Left side Total Tooth Right side Left side Total
Maxillary tooth 34 39 73 Maxillary tooth 30 37 67
Mandibular tooth 27 31 58 Mandibular tooth 25 26 51
Total 61 70 131 Total 55 63 118
Discussion is much lower than previous studies. The percentage of

Site-distribution and prevalence rate of proximal
caries help determine options of treatment for proximal
carious lesions. Firstly, the result of this study could
not detect the site-distribution dependence on sides or
arches. Secondly, the prevalence rate may indicate the
progression of dental caries. Therefore, it determines the
interval between repeat bitewing radiography. Knowing
the prevalence rate of the proximal caries may enhance
clinicians’ ability to accurately interpret and treat proximal
caries. The result may be the reduction of the cost of the
dental treatment. Orthodontic treatment that requires
extraction of some teeth leaves no choices for other
teeth to be extracted. Early accurate diagnosis of both
incipient and advanced dental caries aids an orthodontist’s
decision concerning extraction or conservation of
particular teeth.

The number of carious surfaces per person of
this study is similar to a previous study of the same
age range.”’(3.60 surfaces/person compared with 3.64
surfaces/person in the present study) The percentage of
the individuals with proximal caries in this study, however,

22

the individuals with proximal caries in this study was
only 47.37 per cent for patient with mean age of 29.19.
Others reported the percentage of 69.3 and 94 per cent
in teenager groups.®? This may be due to the sample of
this study. They are in different age group. This study also
was carried out in the Faculty of Dentistry. All patients
seek dental treatment which may indicate their attitude
towards dental health and their dental health status. It
may be because the patients of the Faculty of Dentistry
clinic can be divided into two groups, one with rampant
caries and another with good oral health. This may explain
why the percentage of the individual with proximal caries
is low; however, the mean number of carious surfaces
per person is not low. They also have to pay the cost of
dental treatment. Although, it is partly supported by the
government, the patients still consider this relatively
expensive. Their positive attitude of seeking dental
treatment may explain the low prevalence rate group.

As mentioned before, only caries extending into

(2)

dentin shows cavity formation clinically.*” Due to

the result of this study, it is quite clear that proximal bitew-
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ing radiographs are required before orthodontic treatment
commencement. Although the prevalence of the proximal
caries is lower than that of other studies®”, the enamel
caries of 91surfaces may be missed out if there are no
bitewing radiographs.

The accuracy of proximal radiograph gives more
of the false positive when the prevalence rate of caries
is low.”) Hence, it should be noted here that proximal
bitewing radiographs should be interpreted cautiously.
In case non-aggressive preventive dentistry is possible,
repeat bitewing radiography should be done so that
the carious lesion would be detected before reaching
the inner half of the dentin. We still recommend that
the interval between taking bitewing radiographs should
be determined by the caries risk, individually.

To arrest the caries process, preventive dentistry
is the best solution. Extensive oral hygiene instruction,
information about dietary habits and fluoride application
should be given to every patient. Moreover, it should be
done especially for the patient with high caries risk.

Conclusion

The percentage of individuals with proximal
caries of this group of 30 years old patients from the
Faculty of Dentistry, Mahidol University is lower than
in previous studies. However, the average surfaces of
proximal caries per person were not low. The distribution
of the proximal caries from the bitewing radiographs
showed that the clinically undetected proximal caries
of 91 surfaces. Hence, bitewing radiography is still
recommended as per caries risk. As mentioned before,
these patients were clearly separated into two groups. Due
to this dichotomy of two groups of patients, interpretation
of the bite-wing radiograph is not difficult; however, it
should be done with caution to prevent false negative
results. This study consisted of a select sample and the
sample size is quite small. This was a study of an older
age group than the typical orthodontic patient, so the
findings may not be directly applicable to younger age

groups. Future study will be required and expansion of the
sample to increase both the sample size and age groups is
certainly needed. Finally, it is still always recommended
that preventive dentistry is the main key to good oral
health of every patient.
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Treatment of unilateral active condylar hyperplasia :
A case report

Sasibusaba Pirmsinthavee* Supranee Deesamer** Siripong Sittisomwong***

Abstract

This article presents the case of a Thai woman aged 21 years and 1 month old at her initial consultation
who had facial asymmetry secondary to the active unilateral right condylar hyperplasia, with chin deviation to the
left 18 mm., concave profile, skeletal Class IIl and deep-bite pattern in vertical plane. The occlusal plane was
slightly canted downward to the right. The right and the left molars and canines were in Class Il relationship.
There were anterior and posterior crossbite of #21 - #27 and #15 showed scissor-bite. The upper dental midline
deviated from mid-sagittal plane to the left 2 mm., and the lower dental midline also deviated from mid-sagittal
plane to the left 10.5 mm. The patient was treated with a combination of orthodontic treatment and two-jaw surgery
with high right side condylectomy. The results of the treatment produced good esthetics and acceptable occlusal
relationships and function.

Key words: condylar hyperactivity « condylar hyperplasia - facial asymmetry
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Introduction

Condylar hyperplasia of the mandible is a
situation of overdevelopment involving the size and
morphology of the condyle and the condylar neck”. The
major features of it include an enlargement of the
affected condyle, elongation of condylar neck, outward
bowing and downward growth of the body, and ramus
of the mandible on the affected side®®. According to
Obwegeser in 2001?), there are three clearly definable
forms of condylar hyperactivity: type I, type II, and
type III. Type I is hemimandibular hyperplasia;
mandible on the affected side becomes larger in volume
in all its sections (the condyle and its neck, ascending
ramus and its body) and extending to the symphysis
only, without chin deviation. Type II is hemimandibular
elongation, there is elongation of one half of the
mandible with displacement of the chin prominence to
contralateral side and with typical crossbite but without
the increase in the volume of the affected side. This
type of malformation also can lead to significant facial
asymmetry, mandibular deviation, malocclusion
with cant of the occlusal plane, and articular
dysfunction®*. Lastly is type IIl which this type is
the combination of elongation and hyperplasia. The
affected side is increased in volume together with chin
deviation to the other side and rotation of the occlusion.

The condylar hyperplasia usually occurs during
puberty or early adolescence, and continues the
deformity until the growth is complete, which is
normally by the end of the second decade. If this
deformity has occurred before the completion of
growth, the occlusal plane is usually canted because of
dental compensation. But if it presents after the growth

is completed, posterior openbite is usually

Figure 1 A, B, C, D

apparent'’->®). Traditionally, the surgical methods of
bilateral mandibular ramus osteotomy have been used
to treat the facial deformity of condylar hyperplasia in
nongrowing patients'">>. The combined methods of
mandibular ramus osteotomy and condylar surgery may
be indicated in the cases which still have active
condylar hyperplasia‘".

The following case report presents the pre-
treatment, pre-surgical, and post-treatment records of a
patient with unilateral right active condylar hyperplasia
type 1I (hemimandibular elongation) treated with a
combination of orthodontic treatment and double jaws
orthognathic surgery (Le Fort I osteotomy and bilateral
sagittal split ramus osteotomy) and unilateral
condylectomy.

Case history

A twenty one years old female had a problem of
the asymmetrical face with severe chin deviation to the
left side. She had a history of right TMJ trauma when
she was two years old. She noticed her chin deviation
at the age of 16. She was healthy without any
significant medical problems. The patient had good
attitude in receiving dental health care and she was well
motivated to have orthodontic treatment.

Clinical evaluation
Extra-oral assessment

The patient had an asymmetrical mesofacial
type, with slightly increased lower anterior facial
height. Level of the left eye and ear were lower than
those on the right. Lips were incompetent at rest with 3
mm. interlabial gap. The lip line canted downward to

C D

Pre-treatment extraoral photographs
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the right side. Upon smiling, 100% of upper incisor
crowns were displayed and the teeth were exposed to
the mesial half of the second premolars. The level of
the left gonion was lower than the right side. The chin
point deviated to the left side 18 mm. She had a
concave profile with normal nasolabial angle. She had
slightly protrusive upper lip with upper lip strain and
severely protrusive lower lip. She had no signs or
symptoms of jaw muscle but her mandible deviated to
the right while opening. Her speech and swallowing
patterns were normal. (Figure 1 A - D)

Intra-oral assessment

The patient had fair oral hygiene with gener-
alized moderate plaque and calculus accumulation but
with adequate attached gingival. Frenum, tongue,
palate and tonsils appeared normal. Upper dental
midline deviated from the midsagittal plane to the left

2 mm., as was the lower dental midline also deviated

from midsagittal plane to the left 10.5 mm. When
compared to mid-chin point, the lower dental midline
deviated to the right 7.5 mm.

The inter-arch relationship showed Class III
canine and molar relationships on both sides. She
presented a reverse overjet with -2 mm. and 3 mm.
incomplete overbite. Both upper and lower occlusal
planes slightly canted downward 5° to the right. The right
upper first premolar (#14), the right upper second
premolar (#15), the right upper first molar (#16), the
left upper first premolar (#24), the left upper first molar
(#26), the left lower first molar (#36) had amalgam
fillings. The left upper second premolar (#25) had
previous root canal treatment with severe loss of tooth
structure and the right lower first molar (#46) had
incomplete root canal treatment with an amalgam
filling. CO-CR discrepancy was not present. (Figure 1
E-I)

Figure 1 E,F, G, H, 1

Model analysis

She had an asymmetrical ovoid maxillary dental
arch form due to buccal tipping of the left posterior
teeth, similar to as well as an asymmetrical ovoid
mandibular dental arch form due to lingual tipping of
the left posterior teeth. Space available and space
required in the maxillary arch were 81.5 and 83.5,

26

Pre-treatment intraoral photographs

respectively, which resulted in 2 mm. of crowding. In
the mandibular arch, there was 1 mm. of crowding
from 62.5 mm. space available and 63.5 mm. space
required. Both maxillary and mandible arches showed
mild crowding, 2 mm. and 1 mm. respectively. The
patient had crossbite from the left upper central incisor
(#21) to the left upper second molar (#27), while the
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upper right second premolar (#15) showed scissors
bite. The Bolton’s tooth size analysis showed no tooth
size discrepancy. Anterior and posterior arch width
were coincided between upper and lower arches.

Radiographic evaluation
Orthopantomogram

All teeth were present. The left lower third
molar (#38) was mesioangular impacted against the
cervical margin of the left lower second molar (#37).
The right upper third molar (#18) and the left upper
third molar (#28) were missing. No supernumerary
tooth was present. There was good alveolar bone level
and no pathology. Nasal floor and sinuses appeared
normal. The mandibular asymmetry was clearly
noticeable with the higher ramus-condyle section and
the longer body section on the right than the left. The
right condyle with its neck was clearly longer than the
left. Neither the condyle nor its neck seemed enlarged
in volume. (Figure 2 A)

Figure 2

Periapical radiographs

The crown-to-root ratio of upper and lower
anterior teeth was normal (1:1.5). There was no sign of
root resorption. #25 had improper root canal filling
with indistinct lamina dura. #46 had temporary filling
and widening of PDL space.

Lateral cephalogram

The pre-treatment lateral cephalogram (Figure 2B)
indicated a mild Class III skeletal pattern (ANB =
-0.5°) due to orthognathic maxilla (SNB 84.5°) and
prognathic mandible (85°). Vertically, she had an openin
g rotation of the mandible resulting in a steep mandi-
bular plane (FMA = 32°). The maxillary incisors were
protruded (U1-NA = 8 mm.) and proclined (U1-SN = 115°)
relative to cranial base, whereas the mandibular
incisors were retroclined (IMPA = 85°). She had a straight
facial profile (profile angle = 176°) with decreased
nasolabial angle (91°). There was extreme lower lip
protrusion relative to esthetic line (4 mm.), with protru-
sive chin relative to the SN vertical (5.5 mm.). Theses
findings are summarized in Table 1.

B C

(A) Pre-treatment orthopantomogram , (B) Pre-treatment lateral cephalogram,

(C) Pre-treatment postero-anterior cephalogram

Frontal asymmetry analysis

The frontal analysis presented a significantly
asymmetrical face due to the deviation of the mandible
to the left and significantly tilted down on the right.
The deviation was confirmed by 18 mm. difference of
B1 offset and 6 mm. of Me-Ag distance which

indicated that chin was severely deviated to the left
side. (Figure 2C)

Bone Scintigraphy

Anterior and posterior whole body planar
images were obtained approximately 3 hours after
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intravenous injection of *™Tc MDP. The study in
November 2005 showed the increased uptake along
mandible that extended to the right side. But there was
no active growth plate in the whole skeleton. The
impres-sion was concluded as bone lesions mentioned
above were considered active osteoblastic activity
along the mandible with no other bone lesion.

Treatment objectives

In order to correct the facial asymmetry and
malocclusion, the treatment objectives were to correct
the mandibular prognathism, correct asymmetric
mandibular position and asymmetry of ramal height,
correct upper and lower incisors position and
inclination, correct anterior and posterior crossbite,
obtain normal overjet and overbite, and good
intercuspation, coincide upper and lower dental
midline, and obtain acceptable facial profile and lips
position.

Treatment options and plan

During the consultation, the patient was informed
about the treatment options as follows,

Option 1 : A combination of orthodontic treat-
ment and two-jaw orthognathic surgery and by
extraction #15, 25, 38. In this option #46 will be
preserved by root canal treatment and re-evaluation, if
#46 has a good prognosis and #48 will be referred for
extraction later on. For the orthognathic surgery, Le
Fort I osteotomy will be done in the maxilla and
bilateral sagittal split ramus osteotomy (BSSRO) with
high condylectomy at the right TMJ will be done in the
mandible.

Option 2 : Orthodontic treatment combined with
two-jaw orthognathic surgery together with extraction
#15, 25, 38, 46. This option will be chosen if #46 has a
poor prognosis and it should be removed. The
extraction space of #46 would be closed during
presurgical orthodontic stage by moving #47 and #48
mesially. The orthog-nathic surgery would be the same
as option 1.

Treatment

After oral prophylaxis, the patient was referred
to an oral surgeon for the extraction of her #15, 25 and
surgical removal of #38 and #48. The fixed orthodontic
appliances (0.022” slot “MBT prescription” edgewise
brackets) were placed in April 2005. Aligning and
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leveling started with 0.014” NiTi to 0.019” x 0.025”
stainless steel continuous archwires. When approaching
0.019” x 0.025” stainless steel wire, the lingual buttons
were placed at #17, 14, 24, and #27. Teeth numbers
#14 and #24 were started to retract via powerchain on
both buccal and ligual sides following with #13 and
#23. Class II elastic (3/16”, 3%, ounces) were placed on
both sides to help the canine retraction. After the retract-
ion of upper canines and upper first premolars were
completed, the four maxillary incisors were retracted
via powerchain. The upper and lower arches were
coordinated.

After 1 year 8 months of treatment, the patient
had a motorcycle accident causing subdural hemorrhage,
fractured base of skull and unilateral facial palsy. So the
surgery was postponed for at least 6 months until the
neurological status was stable.

During the period of treatment, the bone
scinti-graphy was performed again in December 2007.
It revealed the increased radiotracer uptake at the right
mandibular condyle region. So the oral surgeon
decided to post-pone the surgery for at least one year,
for observation of the rate of condylar growth. In
September 2008 (after 3 years 5 months with orthodontic
appliances), the bone scintigraphy was done again and
revealed increasing of radiotracer uptake at the right
mandibular condyle region, but no other significant
change from the previous study. Due to the result of
the latest bone scintigraphy, the surgeon decided to
perform surgery. Double jaws surgery was done by
Le Fort I osteotomy for the maxilla and bilateral
sagittal split ramus osteotomy (BSSRO) with high
condylectomy at the right TMJ for the mandible.

The patient was instructed to were used anterior
cross elastic for 2 months during orthodontic finishing.
The appliances were removed at age 24 years 11
months (total active treatment time was 3 years 10
months). Upper and lower wrap-around retainers were
used in the retention phase.

Treatment results

The combined orthodontic-orthognathic surgical
treatment approach allowed this patient to have an
acceptable occlusion. All spaces were closed, overjet
and overbite were within normal limits. Anterior
crossbite was corrected but there was a remaining of 2
mm. posterior crossbite presented at #26 and #27. The
maxillary canting was corrected and the mandibular
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A B C D

Figure 3A, B, C, D Post-treatment extraoral photographs

Figure 3 E,F, G, H, 1 Post-treatment intraoral photographs
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B

Figure 4 (A) Post-treatment orthopantomogram , (B) Post-treatment lateral cephalogram

asymmetric prognathism was eliminated. The facial
profile and lip position were improved to acceptable
esthetic level. It was noted that left facial palsy also
improved as well. The comparisons of cephola-metric
measurement values between pre- and post-treatment
interpretation are shown in Table 1. Post-treatment
orthopantomogram film showed the equal length of
both right and left condylar heads as well as both sides
of the body of mandible. The patient was very satisfied
with the overall treatment results in both esthetics and
function. (Figure 3 A —I and Figure 4 A — B)

Discussion

Nowadays, the etiology of condylar hyperplasia
remains controversy. The main causes that have been
reported are hormonal disturbances, hypervascularity,
hereditary, heredity, previous trauma, abnormal
loading, and infection®>”®, In this case, the history
was that the patient had been hit by basketball at her
right TMJ when she was two year-old and the
presented of chin deviation was noticed when she was
16 year-old. However, although the mandibular trauma
may be the cause of condylar hyperplasia, this cannot
be substantiated as causative factor by case history
alone and may in fact be coincidental®. The tilting of
occlusal plane also had been observed in this case
because the deformity had occurred before her
completion of growth. Hyperplastic activity of the
condyle can be diagnosed using bone scan‘®?. It
can be used to monitor the activity of the growing
condyle. The short-lived gamma-emitting isotope is
concentrated in areas of active bone deposition. Based
on histopathological criteria, condylar hyperplasia
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has been classified in two types!?: active condylar
hyperplasia and inactive hyperplasia (stable situation in
which the abnormal growth is completed). The surgical
treatment also varies according to the activity of the
disease which can be determined by the scintigraphic
finding.

Surgical methods used for management of facial
asymmetry secondary to condylar hyperplasia have
consisted primarily with various bilateral ramus
osteotomies for correcting the asymmetry, and with the
condylar surgery when active growth of the condyle

has been observed*>1D,

Condylar shaving or high condylectomy has
been advocated for correction of growth abnormalities
in the mandibular condyle, as it is expected that the
removal of the condyle will stop the growth of the
mandible in the disease region and can provide a long-
term stable results””). The decision of whether
condylectomy is required usually depended on the
evidence of active change in the hyperplastic condyle
or radiographic or clinical suggestion of pathologic
conditions such as chondroma, osteoma, or other
neoplasms that may warrant tissue diagnosis®>. How-
ever, when the hyperplastic activity and neoplasia are
not suspected, the condylectomy also can shorten the
affected ramus in order to restore the facial symmetry®.
By contrast, if the condyle is mature and stable with
normal function and cessation of growth, the condy-
lectomy may not be indicated. The ramus osteotomy to
shorten the affected side of ramus is the best treatment
of choice!?, the slightly enlarged condyle that has
normal function being left intact, and it may later
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remodel!>. Recently, Wolford and co-worker"® in 2002
did a retrospective study to evaluate the efficacy of
combining high condylectomy and orthonathic surgery
for treating condylar hyperplasia. They concluded that
the patients who underwent the combined surgery
presented better results compared with to those who
had orthognathic surgery alone, indicating that the
combination of both pro-cedures is beneficial for
patients with active condylar hyperplasia''¥.

For this patient, the surgeon decided to observe
rate of condylar growth after first bone scintigraphy
showed the hyperactivity of the condyle. The surgery
was performed one year later since the second bone
scintigraphy revealed continuing growth. Therefore,
combining of double-jaws surgery and condylectomy
were carried out.

In this case, it was found that the hemimandibular
elongation was present with maxillary occlusal plane
cant and skeletal Class III condition together with the
active hyperplastic activity of the condyle. So Le Fort
I maxillary impaction on the ipsilateral side combined
with bilateral sagittal split osteotomy with high
condylectomy as described by other authors#!> were
the most suitable treatment techniques to treat the
dento-skeletal discrepancies.

The presurgical orthodontic is the important part
of treatment. In this stage, the first important key is to
establish interdental relationship with proper arch
coordinations!?.
be made to orthodontically shift the teeth to coincide

with facial midline, because this will decrease the rage

During this stage, no attempt must

of jaw movement during surgery and thus the degree of
change. In fact the decompensation orthodontic tooth
movement may be worsen the midline discrepancies
presurgically, however, it allow greater jaw movement!?,
After the surgery, postsurgical orthodontics is offered
to the patients if an ideal occlusion is desired, and
when skeletal and dental studies do not mandate
orthodontic treatment presurgically. In this case, even
though there were attempts to coordinate arch form
presurgically as well as treatment in a postsurgical
orthodontics phase, there was still has a remaining of
posterior crossbite presented at #26 and #27. However,
both esthetics and dental function were still acceptable.

It is noteworthy that maximum intercuspation
was achieved by spontaneous movement of upper and
lower teeth and unilateral movement of the body of the
mandible backward to the neutral position. The facial

structures also had a spontaneous remodeling process
after elimination of the actively growing hyperplasia
condyle resulting in correction of facial asymmetry'®.

Conclusion

This case repot is an example of treatment of
active hemimandibular elongation with canting of the
occlusal plane by the combination of orthodontics and
orthognathic surgery including Le Fort I osteotomy and
bilateral sagittal split ramus osteotomy with high
condylectomy that produces good esthetic and function
functional results.
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Case Report

Application of all-NiTi mechanics combined with J-hook headgear
in the treatment of an adult high angle Class I extraction case

Abstract

Kunihiko Otsubo* Nahoko Imai** Ladda Winarakwong**

An adult high angle Class I with bimaxillary protrusion was treated by extraction of four first premolars.
Application of a rectangular NiTi archwire from the beginning of the active treatment period, in combination with
J-hook headgear, was used to facilitate the vertical control and reduce the dental and lip protrusion. Satisfactory
treatment results were obtained after twenty-four months, with improvement in facial profile and smile appearance.
The exclusively use of NiTi wires throughout the entire treatment, together with its advantages and disadvantages

are discussed.

Key words: high angle - J-hook headgear - nickel-titanium - protrusion

Introduction

A high mandibular plane angle is a typical
characteristic frequently found among the Japanese
population"> 2. Adult patients with such vertical facial
pattern, especially those with type II skeletal pattern,
are not easily manipulated because most orthodontic
force systems tend to extrude the posterior teeth,
resulting in bite opening and backward rotation of the
mandible. These consequences are unfavorable to the
patient’s facial morphology both in the anteroposterior
relationship, e.g. exaggerated convex profile, and in the
vertical dimension, which results in extrusion of upper
incisors and increased gingival display. The relatively
weak occlusal force usually associated with high
angle subjects® makes the vertical control even more
difficult.

Since 1971 when nickel-titanium (NiTi) wires
were firstly used in orthodontics®, the alloy has been
continually improved and become more common in
orthodontic use®®. With its most benefits, a resilient
rectangular NiTi wire allows simultaneous rotation,
leveling, tipping, and torquing movements to be
accomplished early in treatment®. Recently, we have
successfully used super-elastic rectangular NiTi
wires as initial wires in treating a wide range of
malocclusions!?,

In the following case report, an application of
a rectangular NiTi archwire from the beginning of the

active treatment period, in combination with J-hook
headgear, was used to facilitate the vertical control in
successfully treating an adult patient who exhibited
a Class II skeletal pattern with a high mandibular plane
angle. The exclusively use of NiTi wires throughout the
entire treatment, together with its advantages and
disadvantages would also be discussed.

Diagnosis and Etiology

A 29y10m-old Japanese female patient came
with the chief complaint of crowding and protrusion of
her front teeth. She had a mouth-breathing habit, and
often experienced sore throat due to sleeping with her
mouth open. Her systemic background included
allergic rhinitis and atopic dermatitis. Similar features
of malocclusion were recognized in her family
members; her mother also had protrusion and
crowding, and her brother had severe crowding.

Clinical and functional examinations revealed
a symmetric oval facial type and convex profile
(Fig. 1). She had a gummy smile and incompetent lips
at rest. The mentalis muscle was tense as she closed her
lips. No sign or symptom of the temporomandibular
joints (TMJ) was present. The border movements of the
mandible were within normal limits in all directions.
No discrepancy between the centric relation and centric
occlusion was detected.

* Director and Head Orthodontist, Otsubo Orthodontic Clinic, Tokyo, Japan

** Orthodontist, Otsubo Orthodontic Clinic
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Fig. 1

Intraorally, permanent dentition with clinical
absent of the upper and partial impaction of the lower
third molars was observed. The patient had her upper
third molars extracted five years ago. The molar and
canine relationships were Angle Class 1. The upper
dental midline was 2 mm deviated to the right, while
the lower midline coincided with the facial midline.
The overjet was 2.5 mm and 4.5 mm on the left and
right, respectively. The overbite was 2 mm and 4.5 mm
on the left and right, respectively. The maxillary right
lateral incisor was lingually malposed and was in cross
bite. Remarkable crowding was observed in the
anterior region of both arches.

Model analysis revealed -7.5 mm and -7.0 mm
tooth-arch discrepancies in the upper and lower arches,
respectively. The mesio-distal width of all teeth was
larger than one time S.D. of the Japanese norms.

Pretreatment photographs

According to the Bolton’s analysis, there was no
discrepancy between the upper and lower dentitions.

The panoramic radiograph showed mild and
moderate mesial inclination of the right and left
mandibular third molars, respectively. No particular
pathology was found in both skeletal and dental tissues
(Fig. 2). Cephalometric analysis indicated a skeletal
type II jaw relationship (Table 1) due to the retruded
position of the mandible (ANB = 7°, SNA = 82.5°,
SNB = 75.5°, SNPg = 74°), and a large mandibular pla
ne angle (FMA = 43.0°, Gonial angle = 129.0°, Ramus
inclination = -3.5%). The upper incisor inclination was
in the normal range, but the lower incisors were
labially proclined relative to the Frankfort horizontal
(Ul to SN = 104.0°, FMIA = 45°). The relative
positions of the upper and lower lips to the E-line were
+4.5 mm and +9.5 mm, respectively.

Fig. 2
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Table 1 Cephalometric Measurements

Cephalometric measurements
Facial angle

Convexity

A-B plane

Mandibular plane

Y-axis

Occlusal plane
Interincisal angle

L1 to Occlusal plane
L1 to mandibular plane
Ul to A-P plane

FH to SN

SNA
SNB
ANB
Ul to N-P plane

Ul to FH plane
Ul to SN plane

Gonial angle

Ramus inclination

FMIA
APDI
ODI

Norm
84.83
7.58
-4.48
28.81
65.38

11.42
124.09
23.84
96.33

8.92

6.19

82.32
78.90
3.39
11.74

111.13
104.54

122.23
2.93

54.60
80.61
72.34

Pretreatment
81.0
16.5
-1.5
43.0
70.0

19.0 (17.5)
115.0
25.5 (24.5)
92.0 (82.0)
14.0

7.0

82.5
75.5
7.0
20.0

111.0
104.0

129.0
-3.5

45.0
81.0
71.5

Posttreatment
81.0
16.0
-8.0
43.0
70.0

17.0
130.0
15.0
79.0
9.0

7.0

82.0
75.0
7.0
9.0

107.0
100.0

129.0
-3.5

58.0
80.0
71.0

The patient was diagnosed as a Class I malocclusion

with a high mandibular angle, bimaxillary protrusion,

and dental crowding. Considering her familial history,

it was highly possible that there was a strong hereditary

factor associated with the patient’s arch dimensions and
the tooth size. Her habitually lip opening suggested the

weakened lip force, which was likely another cause of

her malocclusion.
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Treatment objectives
1. Improve the facial profile
2. Eliminate anterior tooth crowding

3. Maintain the anterior vertical dimension

Treatment alternatives

The patient was informed of treatment possibili-
ties, with or without the four premolars extraction. It
would be inevitable that the lower third molars be
extracted if the patient wanted to keep her premolars.
In addition, the improvement of her lip profile could
not be expected without premolars extraction.

Since the protrusion of the anterior teeth was the
patient’s main concern, she agreed with the plan to
extract all four first premolars in order to improve her
facial profile and eliminate the crowding, but insisted
to keep her lower third molars.

The definite treatment plan was therefore derived
as follow:

1. Insert a transpalatal arch to gain stable
anchorage, then refer for four first premolars extraction

2. Bond preadjusted edgewise appliances to the
canines and buccal teeth to distalize the canines until
enough spaces to level the incisors are acquired

3. Apply a J-hook headgear to the upper
anterior teeth during incisors leveling to gain stable
anchorage and intrude the upper incisors

4. Use vertical elastics to solidify the establish-
ment of Class I occlusion and for final detailing

5. Use a full-coverage clear removable retainer
for the upper arch, and a combination of Hawley type
with a canine-to-canine fixed retainers for the lower
arch.

Treatment progress

After a transpalatal arch was placed to the upper
first molars, the four first premolars were extracted, an
.018 X .025-inch slot preadjusted edgewise appliances
with an oriental prescription (Kosaka, Tomy Inter-
national, Japan) were bonded to the buccal segments of
the upper and lower arches. Then .016 X .022-inch
super-elastic NiTi sectional archwires were placed and
canine distalization with elastic power chains was
started (Fig. 3A).

Three months later, the brackets were bonded to
the incisors except the upper right lateral incisor. An
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.016 X .022-inch super-elastic NiTi wire for the upper
arch, and an .016-inch NiTi wire for the lower arch
were inserted to level the anterior teeth (Fig. 3B). A 50
g preformed NiTi open coil spring was placed between
the upper right canine and central incisor to gain space
for the lateral incisor and for midline coincidence. In
the fifth month, a bracket for lower incisors was
bonded to the upper right lateral incisor, and the upper
archwire was changed to an .016-inch NiTi wire.

At nine months after treatment start, the
crossbite was corrected, and the upper archwire was
changed to an .016 X .022-inch NiTi wire. A J-hook
headgear with 200 g force was applied to the hooks
crimped between the upper lateral incisors and canines
on each side for upper anterior retraction and intrusion.
A compensating curve and gable bends between the
upper canines and the second premolars were added to
the working wire by using a heat-bending machine
(Fig. 4). The canines were also retracted with power
chains at the same time. The transpalatal arch was
removed after the completion of canine retraction
around the twelfth month, while anterior retraction was
continued with J-hook, occasionally in conjunction
with short Class II elastics (Fig. 3C).

N
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Fig. 3A-C During treatment photograph

Fig. 4

Heat-bending machine
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After nineteen months, a combination use of
curved NiTi wires, J-hook headgear, and vertical
elastics was performed. For this mechanics, .016 X
.022-inch NiTi wires were used in both arches, with
a compensating curve for the upper, and a reverse curve
for the lower wires. Vertical elastics were applied on
the left and the right sides at the distal of upper canines
and the mesial of lower second premolars. Labial root
torque was given to the upper right lateral incisor
during the last few months of the treatment.

Twenty-four months after the start of active
treatment, Class I occlusion with appropriate overbite
and overjet was achieved. After removing all
appliances, a full-coverage clear retainer for the upper
arch, and a Hawley type with a fixed canine-to-canine
retainers for the lower arch were delivered.

Treatment results

The treatment had provided Class I molar
and canine relationships with a 3.0 mm overjet, and
a 3.5 mm overbite (Fig. 5). The mandibular plane angle
was successfully maintained. The upper incisors were
intruded while the favorable inclination was preserved
(Fig. 6). The FMIA increased from 45° to 58°, indicatin
g an improvement of the lower incisors inclination.
The relative relationships of the upper and lower lips to
the E-line were reduced to 0 mm and 4.5 mm,
respectively. The facial profile and smiling appearance

Fig. 6 Superimposition

were dramatically improved. Although some tension in
the mentalis muscle was still visible, since the soft
tissues change are known to come later, we expect an
improvement in the future follow-ups.

Post treatment panoramic radiograph demon-
strated root paralleling, and no root resorption was
detected (Fig. 7). The lower third molars have not been
problematic so far, and since the patients insisted to
keep them, they were remained in place under periodic
check-up. Physiological TMJ functions were preserved
throughout the treatment period, without any symptom
reported during the treatment.

Fig. 5

Post treatment photographs
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Fig.7

Post treatment panoramic radiograph

Discussion

The high mandibular plane angle is one of the
craniofacial characteristics often found in Japanese
population. The key to success in orthodontic treatment
of such patients who also have retruded mandible,
convex facial plane, and excessive gingival display,
is to avoid the further opening of the mandible, and to
intrude the incisors while anterior retraction was
carried out.

The force system used in this case can be
summarized as follows. First, the intrusion of upper
incisors is carried out by using a super-elastic NiTi
rectangular wire from the leveling stage, combined
with the application of J-hook headgear. The upward-
backward force exerted by the headgear acted as
anterior support while the crowding was relieved
without unnecessary proclination or extrusion of the
incisors. As a result, the round-trip tooth movement
was prevented, and the occlusal plane could be altered
from the beginning. Furthermore, the method of
applying anterior retraction force to the hooks crimped
to the archwire allowed us to continue canine
distalization by sliding mechanics simultaneously. This,
in turn, effectively shortened the overall treatment
period. During the final stage of treatment, the same
working NiTi rectangular archwires in conjunction
with vertical elastics in the canine regions were
employed to tip back the molars and refine the
posterior tooth interdigitation. With a compensating
curve for the upper and a reverse curve for the lower
arches embedded into the wires, the appliances gave
a similar force system as the multi-edgewise archwire
(MEAW) mechanics!?. Additionally, continual use of
the J-hook headgear in the mean time could prevent the
elongation of the incisors.

It can be stated that one of the most remarkable
advantages of the NiTi wire is the low magnitude of
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force, and thus, less potential to cause root damage 2.
Although the intrusion of upper incisors increases the
risk of apical root resorption!®, the present case
demonstrated only minimal root resorption despite the
considerable amount of the upper incisors intrusion that
had been accomplished. Moreover, the continuous arch
mechanics had been delayed in an effort to limit the
duration of force applying to the incisors, and to avoid
unnecessary or round-trip tooth movement. Therefore,
leveling of the crowded incisors had not been started
until sufficient spaces were obtained from canine
distalization. The delay, however, did not prolong the
total treatment time because the resilient rectangular
NiTi wire allows the clinician to level, intrude and
retract the incisors at the same time.

Generally, NiTi wires are mostly used only
during the leveling stage due to its restricted form-
ability, which makes it difficult to bend!. In order
to fully gain the benefit from the super-elastic
property of NiTi wires, we used a heat-bending
machine to facilitate wire bending, as well as to
strengthen the wires and make them suitable for the
sliding mechanics 39, As shown in this case, several
kinds of bends and wire hardening by heat treatment
could be performed in the same manner as other
manually bendable wires, demonstrating that NiTi
wires can be useful throughout the entire process of
treatment. However, the third order bends sometimes
provide insufficient torque level, and other measures
maybe required. For example, we had used a lower
incisor bracket for the lingually retroclined right lateral
incisor to assure effective labial root torque. In some
other occasions, a stainless steel wire would be more
preferable when critical torque control is necessary.

The use of extraoral anchorage in this case had
provided a maximum control of the upper molars,
indicating the patient’s excellent cooperation. Other
alternatives such as skeletal anchorage or miniscrew/
mini implant anchorage!!” may be indicated if the
patient’s compliance could not be expected.

In summary, combined usage of NiTi rectangular
wires and J-hook headgear is an efficient method in
treating such skeletal type II high angle with gummy
smile cases.
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The effect of drugs on orthodontic tooth movement

Montian Manosudprasit* Suthinun Danthumrongkul**

Abstract

Recently, many analgesic drugs are used for relief pain or discomfort in orthodontic patients. Some patients
take dietary supplements or some drugs to relieve systemic diseases. Several studies that showed the side-effects of
these drugs on orthodontic tooth movement were included in the review. Nonsteroidal anti-inflammatory drugs
(NSAIDs) can inhibit orthodontic tooth movement as well as COX-2 inhibitors. Non-NSAID analgesics,
paracetamol (acetaminophen), have no effect on orthodontic tooth movement. Bisphosphonates inhibit tooth
movement by impaired bone healing and induced osteonecrosis. EP4 agonist, Misoprostal and Evening Primrose
Oil can increase the rate of tooth movement. Orthodontists should inform their patients about side-effects of these
drugs because some drugs may increase the treatment time or the risk to health when drugs are combined with
orthodontic therapy.

Key words: Drugs  Tooth movement * Orthodontics

Introduction knowledge is important for all orthodontists to

Orthodontic tooth movement is based on bone
metabolism such as bone modeling, bone remodeling
and regulation of bone metabolism."? Furthermore,
the remodeling of periodontal structures, including the
alveolar bone and periodontal ligament, is the biologic
principle of orthodontic tooth movement®, so this

understand the nature of orthodontic tooth movement.
Nowadays, orthodontic patients usually use analgesics
for relieving discomfort or pain after orthodontic
treatment. Many studies showed that some drugs can
effect orthodontic tooth movement.
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Bone modeling

The process of bone modeling shows resorption
and formation that occur at the separate sites. Modeling
process produces a change in the size and/or shape of
the bone by the addition of lamellar bone to surfaces
without prior resorption, or the resorption of lamellar
bone from surfaces without subsequent formation
(activation-resorption cycle). Modeling is also
controlled by means of hormones during growth and
aging, so it leads to an overall net gain of bone. Facial
growth, response to headgear and rapid palatal

expansion are the good example of bone modeling.!-?

Bone remodeling

Bone remodeling occurs as a coupling of the
resorption and formation processes to replace bone.
Bone turnover involves means of constant remodeling
to preserve a normal function, while active remodeling
will lead to bone loss.!?)

Orthodontic tooth movement is accompanied
by bone remodeling (alveolar bone turnover). The
remodeling of bone is a cycle that starts with activation
followed by resorption, reversal and formation phases.
The activation period is about 10 days. There are cells
recruitment, differentiation, proliferation and migration
in this period followed by resorption. The resorption
period takes 21 days that occurs by osteoclast activity.
The next stage is reversal stage when inactive osteoblasts
become activated and begin to form bone. Bone formation
is determined by rate and duration of osteoblast activity.
The new bone formation is completed over a period of 6
months with mineralization. The remodeling cycle from
activation through to the start of the formation phase
requires about 4 months in humans."’ The amount of
bone remodeling is related to the amount of tooth
movement at that site.®

Mediators of bone remodeling(z’ 3

1. Hormones

Parathyroid hormone (PTH) affects both bone
resorption and formation process. If PTH appears
around bone cells, the effect of bone will be resorption.
By contrast, low level of PTH results in bone
formation. When the calcium level in blood decreases,
PTH will stimulate osteoclastic activity to increase
calcium and phosphate absorption in the gut, and
decrease calcium excretion and tubular phosphate
reabsorption in the kidney. This plays a role as

regulator of calcium homeostasis by PTH.®

Calcitonin inhibits bone resorption by acting
directly on osteoclasts.> > 1In addition, calcitonin is
the regulator of calcium homeostasis by increasing
renal calcium excretion to decrease the extracellular
calcium.>®

The effect of vitamin D may be the same as
PTH. The rate of bone resorption will increase when

vitamin D is in excess.?

Glucocorticoids will increase bone resorption
by stimulating osteoclastogenesis that is the result
of increasing the expression of receptor activator of
NF-kB ligand (RANKL) and decreasing the expression
of its receptor. This hormone will decrease bone
mineral density, so the main effect is an inhibition of
bone formation.”

Thyroid hormone stimulates prostaglandin, so it
increases osteoclastic bone resorption. Furthermore, it
works through a separate prostaglandin-independent
mechanism.®

Sex hormones play a role of bone metabolism.
Estrogen has a direct effect on bone. It preserves
calcium in bone by suppressing the activation fre-
quency of bone remodeling. The remodeling activation
will increase when menopause starts and the result is
rapid bone loss leading to symptomatic osteoporosis."”

2. Cytokines

Cytokines are small proteins that are identified
as mediators of bone resorption. One cytokine,
Interferon (IFN)-v, acts as a bone resorption inhibitor
that is opposite to other cytokines.

Interleukin (IL)-1 has potential as a bone
resorption stimulator by stimulation of prostaglandins.
From experimental studies, applying tensile stress to
periosteal fibroblasts will increase the level of IL-1
inhibitor. IL-1 has two molecular forms, alpha (IL-1x)
and beta (IL-1f3), and is secreted by many kinds of cells
such as macrophages, B cells, neutrophils, fibroblasts,
and epithelial cells. IL-1 and prostaglandins are
synergistic. > 19

Interleukin (IL)-2 shows in the attraction and

proliferation of osteoclast progenitors as well as the
stimulation of acid production by osteoclasts.®

Interleukin (IL)-6 is produced by lymphocytes,
monocytes and fibroblasts.!" It is one of an inflam-
matory cytokines that stimulates plasma cell prolifera-
tion and antibody production.'® Furthermore, this
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cytokine stimulates osteoclast and bone resorption.®: 12

Interleukin (IL)-11 stimulates osteoclast
formation and bone resorption. The effect of osteoclast
formation may be prostaglandins mediated.®

Tumor necrosis factor (TNF) and lymphotoxin
are cytokines that are implicated in the stimulation of
osteoclastic bone resorption. This effect is produced
by prostaglandins mediation.

Interferon (IFN)-y is produced by activated T
lymphocytes. It can inhibit bone resorption by
inhibiting the differentiation of precursors into mature

cells.®

Leukotriene B, (LTB ) has a highly potential as
a chemotactic agent. It induces the accumulation of
inflammatory cells especially neutrophils and stimu-
lates bone resorption.?

3. Prostaglandins (PGs)

Prostaglandins that comprise PGE, PGF and
prostacyclin (PGI,) have been associated with bone
remodeling. They play a major role of local regulation
of bone metabolism and bone remodeling process that
is associated with mechanical stimulation such as
orthodontic tooth movement. The bone resorption and
bone formation effects of prostaglandins are the
increasing of bone turnover rate that is the result of
mechanical stimulation. The resorption effects may
be induced by osteoclastic cAMP. For prostaglandin
mediated bone resorption process, intracellular calcium
is essential. Furthermore, IL-1 can stimulate prostaglan-
dins as a potent stimulator of bone resorption.® PGE,
and PGE, are found to increase bone resorption.® 1314
But PGI, inhibits osteoclastic activity and stimulates
bone formation.®

4. Osteoclast activating factors

Macrophage colony-stimulating factor (M-CSF)
is produced by osteoblasts and stromal cells. It is
a soluble factor that is essential for osteoclastogenesis
by inducing the hematopoietic cells to become

osteoclasts. 13- 16)

5. Growth factors

Transforming growth factor (TGF)-f is stored
in bone and secreted by osteoblasts, macrophages and
PDL cells. It can stimulate formation of bone by
involving the cartilaginous intermediate and induce
granulation tissue formation.® ! TGF-B was found
on the tension side of tooth movement and plays
a negative role for osteoclastogenesis.!
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Insulin-like growth factor (IGF) is secreted by
PDL cells, macrophages, osteoblasts, plasma cells and
stored in bone as well as TGF- 3. It is an important
mediator of postnatal longitudinal growth. Normally,
IGF alone can not significantly stimulate bone healing,
but it can work together with platelet-derived growth
factor (PDGF) for enhancing bone healing process.
So, IGF is synergistic with PDGF and stimulates extra-
cellular matrix.®: %17

Fibroblast growth factor (FGF) is secreted by
macrophages, osteoblasts and stored in bone. It has a
direct effect to stimulate osteoblast proliferation.> ¢ 7

Platelet-derived growth factor (PDGF) is
secreted by PDL cells, macrophages, endothelial cells,
and osteoblasts, and stored in bone. It has biologic
effects of mitogenesis and chemotaxis on osteoblasts
and fibroblasts. PDGF can promote skin healing, bone

formation and periodontal regeneration.®- & 17

Bone morphogenetic proteins (BMP ) are stored
in the osteoblasts and bone. They are the important
factors that can initiate osteoblastogenesis.> ¢ 17)

6. Other mediators

Cyclosporin A can inhibit bone resorption
because it is a potent immunosuppressive agent that
stimulates osteoclast apoptosis.® This effect on bone
depends on the duration and dose of Cyclosporin.
Sakakura’s study showed that the osseointegration
process of pure titanium implants was decreased if the
administration period of Cyclosporin A was greater

than four weeks.(®

Osteocalcin is the main non-collagenous matrix
protein in bone. Its function is a negative regulator for
mineral apposition and bone formation. Furthermore, it
is a chemotactic for osteoclast precursor cells.!* 20

Receptor activator of NF-kB ligand (RANKL)
is a cell surface protein that is present in stromal cells
such as osteoblasts and lymphocytes. The differentia-
tion of osteoclasts and bone resorption are activated by
this mediator. RANKL and its receptor, RANK, in
hematopoietic cells have interaction together that is
essential for osteoclast activation®: >

Osteoprotegerin (OPG) is physiologically im-
portant inhibitor of osteoclastic bone resorption.® 1> Tt
is a soluble factor that binds with RANKL and inhibits
the osteoclast differentiation.®

7. Secondary messengers

cAMP and cGMP are universal signaling mole-
cules in the cellular environment. Extracellular signals
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can generate intracellular signals by surface receptors.
The surface receptors may open or close ion channels
at the plasma membrane and change the ions into the
cell. The important secondary messengers such as Ca>*,
cAMP, and cGMP, are the regulators of mechanically-
induced tissue remodeling. Several studies showed
resorption activity that responded to mechanical or
chemical stimuli by the periodontal ligament cells
and were characterized by synthesizing PGE with
increasing of cAMP level.® 21 This process is
regulated by many mediators such as PTH, calcitonin,

neurotransmitters and cytokines.® 2!

Cell and molecular responses during ortho-
dontic tooth movement

During orthodontic tooth movement, bone
remodeling process is related to the expression of
mediators. Acute inflammatory response is presented
in the early phase of orthodontic tooth movement.
Inflammatory mediators may stimulate the biological
processes that associated with alveolar bone resorption
and deposition. Furthermore, orthodontic forces can
induce the bone remodeling process by the local
mediators, such as prostaglandins, cytokines and
growth factors, that play an important role in bone
remodeling. PGE, has been involved in bone
remodeling and especially recognized as a potent
stimulator of bone resorption.??

Pharmacologic control of orthodontic tooth
movement

There are several studies showing the usage of
pharmacologic agents to induce bone resorption and
deposition for control of tooth movement. For
example, the study of Yamasaki shows the usage of
local injection of prostaglandin to stimulate tooth
movement.!> Y Other pharmacologic agents such as
calcitonin'®, and 1,25(OH)2D3(23'25) can also induce
tooth movement. The daily injection of osteocalcin
into the palatal subperiosteum in rat showed it can
stimulate tooth movement significantly in the early
period but not significantly after day 5.(!9 One
injection of 1,25(OH),D, per 7 days into the PDL of
cats increased tooth movement 60% as well as in the
human that received PGE, submucosal injection.®
Although the pharmacologic agents can induce the
tooth movement in both human and animal study but
they have side effects during the injection procedure
such as local pain and discomfort, so these techniques
are not practical to use for the patient.*®

Prostaglandins and orthodontic tooth move-
ment

Prostaglandins are synthesized at phospholipids
cell membranes. Enzyme phospholipase A, will chang
fatty acid in phospholipids membranes into arachidonic
acid. There are two major enzyme systems to change
arachidonic acid; the first is cyclooxygenase, and the
second is lipoxygenase. The cyclooxygenase enzyme
system plays a role in prostaglandins synthesis. This
enzyme can change arachidonic acid into the stable
prostaglandins (PGEz, PGF2a, PGDZ), the unstable but
potent anti-platelet substance (prostacy-clin, PGL,), and
more unstable platelet activator, tromboxane AZ.Q’ 2

For bone remodeling process, prostaglandins
effect both bone resorption and bone formation by
increase of bone turnover rate that is the result of
mechanical stimulation. Intracellular Ca?* is essential
for prostaglandins to stimulate bone resorption.
Furthermore, osteoclastic cAMP may mediate the
resorption process and IL-1 is a potent stimulator of
bone resorption, involving stimulation of prosta-
glandins. In applying mechanical stress, it has been
found that the fibroblasts of periodontal ligament
respond to this stress by synthesis PGE. Bradykinin
from the inflammatory reaction may mediate PGE,,
PGI, and IL-1p.)

In addition, prostaglandins release can be
stimulated by tissue trauma. The local concentration
of prostaglandins is increased when the tissue is
manipulated by very gentle procedure, so the resulting
ischemia can stimulate prostaglandin syntheses. For
the orthodontic tooth movement, it has been found that
the area of PDL compression has a local concentration
of prostaglandins that is relate to the inflammatory
process at that site. So, this process may induce
orthodontic bone resorption and remodeling.!'* 2V In
the bone resorption process, prostaglandins may be
mediated by the macrophages that invade and remove
the hyalinized tissue and by osteoclast stimulations."
Several studies have shown that increase in the rate of
orthodontic tooth movement is associated with PGE

and PGE, that increase the bone resorption process.?
13, 14)

Pain and orthodontic tooth movement

When orthodontic force is applied to the patient,
discomfort or pain will be present for about 2 to 4 days,
and will disappear until the next visit and the orthodontic
appliance is reactivated.®®?” Mild or no pain indicates

43



= =) Q{
wwiiles ylugailseans uasame

7 eaulan siua sailu T 1 2554

that the optimum force is applied to the tooth, while severe
pain indicates excessive force. The degree of patient’s
pain, especially orthodontic pain, may vary and depend
on pain experience in each person.® Ischemic areas in
the PDL that produce sterile necrosis or hyalinization
are the cause of orthodontic pain.?® During tissue
inflamation, pain response is associated with the release
of prostag-landins, bradykinin, and substance P.(!* 2%
After separation of incisors by orthodontic force, the
substance P level increases and peaks at 36 hours.?®

Effects of drug to orthodontic tooth move-
ment

Nowadays, orthodontists suggest the patients to
take analgesics to relieve pain from orthodontic treat-
ment.?" 2% 39 There are many drugs in common use
that have effects on orthodontic tooth movement.
Many drugs can inhibit tooth movement, while some
drugs that stimulate tooth movement are rarely found.
Normally, many analgesics are used in orthodontic
patient to relieve pain during treatment such as aceta-
minophen, nonsteroidal anti-inflammatory drugs
(NSAID). These drugs may affect tooth movement in
different ways.

Nonsteroidal anti-inflammatory drugs (NSAIDs)

These drugs can relieve pain by the results of their
analgesic and antipyretic actions. The anti-inflammatory
effects happen by inhibition of the biosynthesis of PGs
when these drugs act on the cyclooxygenase involved
in catabolism of arachidonic acid in the phospholipid
membrane.®"” Some studies reported that the specific
inhibitors of PGs such as indomethacin and flurbipro-
fen can reduce the tooth movement (50% of the dental
movement index) in cats and rabbits that received
orthodontic force. It is a result of reducing the amount
of osteoclasts in the alveolar bone.®* 3% For that
reason, Chumbley and Tuncay®® recommended that
orthodontic patient should avoid to using aspirin and
other nonsteroidal anti-inflammatory analgesics to
relieve pain because these drugs can prolong ortho-
Mohammed et al®® found

that orthodontic tooth movement are inhibited by

dontic treatment time.

indomethacin in rats. Furthermore, Arias’s study®> showed
the effect of aspirin and ibuprofen on orthodontic tooth
movement in the rats. Fewer osteoclasts were observed in
the pressure side of the teeth because these drugs inhibited
the production of PGs. Because the bone resorption was
reduced, the teeth moved less than average. Williams et
al®® studied the effect of ibuprofen on alveolar bone
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in dogs. Their result showed that ibuprofen can inhibit
alveolar bone loss when the dogs were treated with
4 mg/kg of ibuprofen daily for 13 months. Kehoe et
al confirmed that ibuprofen inhibits PGE, synthesis
in the PDL of guinea pig significantly by decreasing
the degree and rate of orthodontic tooth movement.©”
Kyrkanides et al® investigated the effect of indomethacin
on orthodontic tooth movement. Their results indicated
loss of prostaglandin mediated cellular effects
subsequent to cyclooxygenase inhibition by this drug.
The cyclooxygenase inhibition resulted in exacerbation
of IL-1B-mediated collagenase B (MMP-9) synthesis and
activity, as well as attenuation of type IV procollagen
synthesis levels by endothelial cells. Furthermore, Ito
et al®® reported that the induction of MMP-9
synthesis caused cyclooxygenase inhibition in
rabbit articular chondrocytes. So, Kyrkanides et al®®
stated that the use of anti-inflammatory drugs may
influence orthodontic tooth movement by altering
biochemical pathways that mediate extracellular matrix
remodeling. At the present, the use of cyclooxygenase-2
(COX-2) inhibitor for relief orthodontic pain is
increasing, and replacing conventional NSAIDs(%4D
because its anti-inflammatory effect is less injurious to
gastrointestinal mucosa than the nonselective NSAID.“?
Furthermore, Chan et al“® reported that new COX-2
specific inhibitors decreased serious gastrointestinal
perforations, obstructions and bleeding when compared
with conventional NSAID. de Carlos et al* studied
orthodontic tooth movement that resulted from the
effect of rofecoxib (COX-2 inhibitor) and compared with
diclofenac (a traditional NSAID). The results showed both
rofecoxib and diclofenac can inhibit COX-2 action that
means that the orthodontic tooth movement was inhibited
by these drugs. Gameiro et al*> reported the short- and
long-term effects of celecoxib (COX-2 inhibitor) on
orthodontic tooth movement in rats. The short-term
treatment was simulated the preoperative administration
of analgesics to decrease post-operative pain whereas the
long-term effect treatment was simulated the situation
that patients receive celecoxib in treatment of chronic
disease all time of tooth movement. The results showed
that tooth movement was inhibited by celecoxib action
in both situations. Moreover, they stated that celecoxib
not only affected COX-2 level but also affected IL-1
and IL-6 that had the result of bone resorption and tooth
movement.“346 However, Sari er al“” suggested that
the one drug, rofecoxib, can be used to relieve pain or
patient discomfort during orthodontic treatment because
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the inhibitory effect on PGs synthesis with rofecoxib was
less than the inhibition effect of aspirin during the first 24
hours. In addition, Wong e al*®, stated that aspirin does
not change the orthodontic tooth movement in guinea pigs.
However, they found that the dose of the analgesic used
was lower than the dose that can reduce the secretion of
PGs because the metabolic rate of these animals is faster
than humans. For this reason, they require higher doses
than the does to produce the same orthodontic effect in
humans.® 50

Acetaminophen

It is nonsteroidal anti-inflammatory drug in the
paraminophenols family. It does not effect orthodontic
tooth movement because it does not inhibit the secretion
of peripheral PGs or only inhibit them slightly. So,
acetaminophen is considered to be a very weak PGs
inhibitor and has no anti-inflammatory effect.®"
Antipyretic and analgesic actions are the same as aspi-
rin but analgesic effect is produced at the central nervous
system®? 3 and does not act at the cell membrane as
do aspirin or ibuprofen.®® Kehoe et al found that at the
level of PDL, acetaminophen inhibited the peripheral
PGs synthesis but the degree and rate of orthodontic
tooth movement were not significantly different when
compared with control group.®”

The study of Arias ef al ®> showed the presence
of osteoclasts in the pressure side of the orthodontically
moved incisors in rats treated with acetaminophen. The
bone resorption lacunae and dental movement are the
same as the control group. Furthermore, the bone is
actively regenerated because of orthodontic treatment
that activates the secretion of PGs and the osteoclasts
that act in bone resorption. These results did not
happen in the groups treated with aspirin and
ibuprofen. Roche claimed that acetaminophen has no
effect on orthodontic tooth movement in rabbits
because acetaminophen is a weak inhibitor of
cyclooxygenase-1 and cyclooxygenase-2, and
analgesic action lacks the anti-inflammatory
properties. ¥

Bisphosphonate

For bone metabolic disorders such as osteopo-
rosis, bone disease, and bone pain from bone cancer,
the drugs of choice are bisphosphonates. However,
they have side-effects in dental treatment that inhibit
tooth movement, impaired bone healing, and induced
osteonecrosis in the maxilla and mandible. Biphos-
phonates directly inhibit osteoclastic activity that
results in decreasing bone resorption.®> For long term

treatment with bisphosphonates, it is claimed that if
osteoclastic activity decreases sufficiently, the osteo-
blastic activity will decrease t00.°® The study of
Igarashi er al®” showed that after giving of subcu-
taneous bisphosphonates for 3 weeks in rats, tooth
movement was decreased by 40%. In addition, the
alveolar bone adjacent to the periodontal ligament
showed the reducing of osteoclasts after giving a single
dose of intravenous bisphosphonate (pamidronate)
during tooth movement.®® Marx er al®® stated that
bisphosphonate osteonecrosis showed the decrease of
microcirculation of bone until the stage of necrosis
happened. Because the osteoclast cannot absorb the
mineral matrix of bone, and the capillary formation in
new bone cannot be stimulated completely, acellular
and avascular bone will occur.®® The typical osteone-
crosis in patients who received intravenous bisphos-
phonate appeared as painful abscess teeth. When they
are extracted, the underlying necrosis bone will be
exposed, and abnormal healing causes bone loss in the
future.®% %0 Bisphosphonate osteonecrosis symptoms
such as severe bone loss or dental abscess look like
dental or periodontal disease. For this reason, if
routine dental and periodontal treatment can not treat
these diseases, it should be considered as a possible
diagnosis of osteonecrosis.®” At the present, there
should be concerned about orthodontic treatment in the
patients who received bisphosphonates.®* ®¥ High
intravenous doses of bisphosphonates can inhibit tooth
movement more than lower oral doses.®® Orthodontic
tooth movement may increase the uptake of bisphos-
phonates locally, so it decreases osteoclastic activity.
The result of this process shows as slower tooth
movement.®®

EP4 agonist

Bone anabolic responses to external loading are
induced by stimulation of prostaglandin receptor EP4.
Chung er al® claimed that the activation of the EP4
receptor of the paradental region might induce
osteoblasts and stimulate new bone formation in vivo.
Their study reported that the local administration of
EP4 agonist can induce tooth movement and increase
bone volume at least in the tension side. Furthermore,
PGE stimulates bone resorption through the EP4
receptor via a mechanism involving an increase of
cAMP and RANKL in osteoblasts. So, there is a high
possibility of increased bone resorption.> Chung et
al stated that the role of EP4 agonists not only
enhances bone formation during tooth movement but
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also stimulate osteoblasts to produce increased amounts
of RANKL that increase osteoclastogenesis and bone

resorption.®?

Misoprostal

Misoprostal is a synthetic PGE, analog which is
used in the patients that receive NSAIDs for a long
time.®” Because its effect can increase the secretion of
bicarbonate in duodenum and gastric mucosa,®® this
drug can help to protect gastric mucosal damage from
the effect of NSAIDs. In a mouse study, misoprostol
has analgesic effect in a same dose as morphine. This
drug can act together with recognized NSAIDs, so the
usual does level can be decreased.®” Furthermore,
Kehoe et al studied the effect of misoprostal,
acetaminophen and ibuprofen on orthodontic tooth
movement. They claimed that misoprostal could be
induced tooth movement because the inhibitory effect
on local PGE, production was insignificant, and their
results showed the degree and rate of tooth movement
was increased when compared with the other groups.
The acceleration of tooth movement may be the result
from increasing bone resorption activity of PGEl.m)

Evening Primrose Oil

At the present, evening primrose oil (EPO) is
a popular encapsulated dietary supplement which
contains gamma linolenic acid (GLA). Some studies
found that GLA can help to relieve the inflamatory
disorders such as rheumatoid arthritis.®”- % The
metabolite of GLA is dihomo-gamma-linolenic acid
(DGLA) that is precursor of PGE, synthesis.® For
this reason, the dietary EPO supplement has been
reported to enhance orthodontic tooth movement.
Taweechaisupapong et al™® studied the effect of EPO
on osteoclasts during tooth movement in rats. They
found that the increase of osteoclasts was significant in
an experimental (EPO) group because EPO induced
more PGE, synthesis. The increase of PGE, level was
the cause of increasing osteoclasts appearance. So, they
concluded that the oral administration of EPO may
accelerate orthodontic tooth movement .

Conclusion

NSAIDs such as Ibuprofen and aspirin can inhibit
orthodontic tooth movement. They reduce the synthe-
sis of PGs that results in decreasing osteoclasts in the
pressure sides. Because they have potential for slowing
tooth movement, it is not recommended to use them for
relief of orthodontic pain. Nowadays, the numbers of
adult orthodontic patients are increased, so orthodontists
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should be aware that adult patients who received NSAIDs
for long-term treatment for chronic diseases such as
arthritis, tricyclic antidepressants, and antiarrhythmics
that can experience reduced rate of tooth movement.
COX-2 inhibitor reduce the osteoclast activity and inhibit
tooth movement as well as NSAIDs. Orthodontists should
be aware of the patients who under short- and long- term
therapy with COX-2 inhibitors because these drugs
can decrease the rate of orthodontic tooth movement.
Acetaminophen acts at the central nervous system and
does not stimulate PGs synthesis, so it does not interfere
with the orthodontic tooth movement. The numbers of
osteoclasts in the pressure areas are not decreased, and
the bone regeneration does not change by acetaminophen.
So, it is a drug of choice that orthodontists should
recommend to their patients for relieving the discomfort
during orthodontic treatment. Bisphosphonate is used
in patients who have bone metabolism disorders. It can
inhibit tooth movement. Furthermore, it impairs bone
healing and induces osteonecrosis in alveolar bones of
maxilla and mandible. Medication screening and patient
counseling are essential in these patients. EP4 agonist,
Misoprostal and Evening Primrose Oil can increase the
rate of tooth movement. For this action, these drugs
can reduce orthodontic treatment time in the future.
Furthermore, EP4 agonist can increase bone volume in
the tension side, so it may be useful for inducing bone
formation in patients who have bone loss.

For post-orthodontic treatment care, orthodon-
tists should inform the patients about the side-effects of
analgesics, especially NSAID and COX-2 inhibitors
that may increase the treatment time and the risk of
orthodontic therapy.
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THE PROPER LENGTH OF ELASTOMERIC CHAIN FOR DIFFERENT
DISTANCES OF CANINE RETRACTION IN VITRO STUDY

Wandet Wachirasereechai*, Passiri Nisalak**,

Somporn Raungpaka**, Poompada Jaochakarasiri**

Abstract

This study was designed to determine the proper length of elastomeric chains for different canine retraction
distances for 4 elastomeric brands. The clear open configuration of elastomeric chains from Dynaflex, Tuff, 3M and
Chuangxin (China) were tested at stretched distances of 28, 26, 24, 22, 20, 18 and 16 mm. In this study each group
consisted of 10 elastomeric chains. The force delivered by the elastomeric chains was measured with an Instron Test-
ing Machine (Model LF Plus) at 9 time intervals (initial, 1 hour, 3 hours, I day, 3 days, 7 days, 14 days, 21 days and
28 days).

The results showed that all tested elastomeric chains, at 70 to 80 percent of the maximum distances that the
elastomeric chains were stretched beyond their pre-test lengths for all the tested distances could generate appropriate
force (100-350 grams), for canine retraction throughout the 28 days of study.

Key word: canine retraction, elastomeric chains, orthodontics
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Introduction

Force delivery by orthodontic appliances to
create the proper force magnitude for biological tooth
movement is always a major concern among orthodontists.
It is now generally accepted that light and continuous
force are suitable for biological tooth movement. As
such, orthodontic appliances are required to deliver light
continuous force regardless of the distance and the kind
and number of teeth that have to be moved. A variety of
force systems can move teeth through the alveolar
bone but many of the established techniques may not be
optimal in terms of efficiency and practicality. Closure
of spaces in the dental arch, for example, may be
accomplished with closed coil springs, closing loop
archwires, elastomeric chains, elastic bands, or even
magnets.!*? Each of these techniques has different
advantages and disadvantages. Coil springs can generate
a continuous force, but are difficult to keep clean.
Clinicians can control the level of force by closing loop
arch wire, but it may impinge on the patient’s gingiva
and irritate the mucosa. Magnets are often bulky,
expensive and difficult to keep clean. As for orthodontic
elastic bands, patient cooperation when changing and
wearing the elastic is required, whereas elastomeric
chains are economical, easy to use, relatively hygienic and
comfortable for the patient!">: They also encourage
patients’ involvement through patients’ choice of choosing
colors elastomeric chains.®:¥

Elastomeric chains have been used by orthodontists
since the 1960s. They are easily applied and require
little or no patient cooperation. However, elastomeric
chains are not without their disadvantages. Their chief
disadvantage is that when extended and exposed to the
oral environment, they absorb water and saliva, stain
permanently, and suffer a breakdown of internal bonds
that leads to permanent deformation®®. The result is that
they experience a rapid loss of force due to stress re-

laxation, resulting in a gradual loss of effectiveness.**

CLOSED

This loss of force makes it difficult for orthodontists to
determine the actual force transmitted to the dentition.O'®

The greatest rate of force decay occurs within
the first hour, during the next two to four days, forces
delivered continue to fall but at a slower rate.®*® Beyond
that time, in general, forces delivered remain nearly
constant but at a level lower than originally available (!
Most studies about elastomeric chains focus on the
force degradation property from the initial force level
through a 28 days interval. A variety of new generation
elastomeric chains has recently been introduced, but
little is known about the appropriate length of elastomeric
chains that can generate the desirable force for most
efficient canine or incisor retraction.

The optimal force magnitude required for canine
retraction has not yet reached a consensus. In fact,
many factors affect the canine movement such as root
surface area, density of bone, friction from bracket and
arch wires, degree of degradation by elastomeric chains
and age, but it is generally agreed that a light force is
relatively optimal. However, different studies suggest
that the force magnitudes required to bodily move
canines range from as low as 100 grams to as high as
300 or 350 grams. ©** 1% This study aimed to evaluate
the proper length of elastomeric chains delivering
desired force for different tested.

Materials and Methods
Materials

Elastomeric chains are produced in clear, colored
and available in four types as closed, open, open medium
and open long of elastomeric chains (Fig 1). For this
study, the clear, open short configurations of elastomeric
chains from Tuff (Glenroe Technologies Company,
Florida, USA), Dynaflex (Dynaflex Company, St. Louis,
Missouri, USA), AlastikTM Chain (3M Unitek Company,
Monrovia. CA, USA) and Chuangxin Power Chain
(China) were used as the testing samples.

OPEN

OPEN MEDIUM

OPEN LONG

Fig. 1

Elastomeric chains have 4 configuration types. In this study, we used the open configuration type (in the blue block).
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Methods

A sample size of 10 elastomeric chains per group
was used in this study. The distances over which the
elastic chains were stretched were 28, 26, 24, 22, 20, 18
and 16 mm. Force measurements were recorded as
the initial forces. The force measurement was recorded
9 times through the 28 days interval (initial, 1 hour, 3 hours,
1 day, 3 days, 7 days, 14 days, 21 days and 28 days).

1) Initial placement

The length of each tested elastomeric chains was
between 70 and 80 percent of the tested distances. The
lengths of chain were stretched to the tested distances and
force delivery was measured by Instron Testing Machine
(Model LF Plus). A load cell capacity of 50 newtons
with a crosshead speed of 50 mm. per minute was used.
The force delivery was measured in grams.

2) 1hour to 28 days after the first measurement

At each measurement intervals, the elastomeric
chains were transferred between the Instron Testing
Machine and the Orthodontic canine retraction distance
template (The storage block) by rubber dam forceps set
at fixed distances of 28, 26, 24, 22, 20, 18 and 16 mm.
(Figs 2, 3). The elastomeric chains were allowed to

stabilize on the Instron for a few seconds before
recording the force level. Mean force from the each set
of 10 samples was calculated. Between test times,
the elastomeric chains, stretched on the template (Fig 4,
template of 28 mm. distance), were stored continuously
at room temperature (25 C°; Dry environment).

Fig.2 The rubber dam forceps which fixed distances at 28, 26,

24,22,20, 18 and 16 mm.

Fig.3
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The elastomeric chains were transferred between the Instron Testing Machine and the template by the rubber dam forceps.



O J Thai Assoc Orthod Vol 1 2011

Wandet Wachirasereechai et al.

Fig. 4

The Orthodontic canine retraction distance template (The storage block). The distance between 2 nails was measured individually at

28, 26, 24, 22, 20, 18 and 16 mm. in each block. This shows the template for setting chain extensions at 28 mm.

Statistic analysis

Statistical analysis was performed using Statistical
Package for the Social Science (SPSS) for Windows,
Version 14. Results were presented as mean + SD.
One-way ANOVA was used to compare the mean force
delivery among different groups. The level of statistically
significant difference was considered at P < 0.05.

Results

The result of mean force delivery from Dynaflex,
Tuff, 3M and China elastomeric chains used for canine

retraction distances at 28, 26,24,22, 20, 18 and 16 mm.
are shown in Tables 1 to 4 and Figs 5 to 8.

Table 1 and Fig 5 show the results of mean
force delivery of Dynaflex elastomeric chains for all
tested canine retraction distances, from initial placement
though the 28 days of the study period. Most of the
mean force delivery of all tested elastomeric chains
were in suitable range for canine retraction, i.e.,
350 grams to 100 grams through 28 days of the study
period, except the mean initial force of Dynaflex

elastomeric chains at 16 mm.
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Table 1 Means and standard deviations of force delivery from Dynaflex elastomeric chains used for canine retraction through 28 days at 28,

26, 24, 22, 20, 18 and 16 mm. distance.

initial

3hrs

1day

3days

7days

14days

21days

28days

Fig.5

54

342.34

224.05

222.42

174.39

159.19

146.65

141.85

134.61

130.08

281.596

218.444

203.509

172.568

161.483

154.49

145.54

138.744

127.622

346.566

275.612

261.584

251.618

235.566

223.618

192.607

174.58

162.464

279.332 328.49 271.974

234.578 261.908 221.739

214.413 241.477 207.386

178.469 233.16 190.168

173.534 219.435 182.195

168.499 198.372 173.073

166.662 189.746 170.753

162.549 176.556 167.838

151.507 164.684 166.382

400
350
300

200
1580
100 +
50

initial

1hr 3hrs

1day 3days

Tdays 14days 21days 28days

—+— 28-Dy-72.64%
—= 26-Dy-78.23%

24-Dy-72.83%
e 22-Dy-T9 45%
—w— 20-Dy-72.05%
—e— 18-Dy-80.06%
—— 16-Dy-70.94%

Graph of force delivery (grams) of Dynaflex elastomeric chains through 28 days

351.61

281.136

270.16

232.936

227.099

212.185

207.835

207.122

205.101

(The percentages represent mean ratios of the original lengths of tested elastomeric chains to the distances which they were stretched
at 28, 26, 24, 22, 20, 18 and 16 mm. distances at test commencement)
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Table 2 and Fig 6 show the results of mean force
delivery of Tuff elastomeric chains at all tested canine
retraction distances from initial placement though 28 days
of the study period. Most of the mean force delivery of all

tested elastomeric chains was in desired range for canine
retraction, i.e., from 350 grams to 100 grams through
28 days of the study period, except for the mean initial
forces of Tuff elastomeric chains at 28, 24 and 16 mm.

Table 2 Means and standard deviations of force delivery from Tuff elastomeric chains used for canine retraction through 28 days at 28, 26,

24, 22, 20, 18 and 16 mm. distance.

initial

1hr

3hrs

1day

3days

7days

14days

21days

28days

W ‘
W

353.26

263.37

237.36

200.9

172.67

164.75

159.4

140.74

139.49

299.517

242.541

223.564

196.53

180.574

172.456

164.528

158.546

141.371

351.523

299.346

269.419

241.608

218.456

208.49

192.396

176.56

158.497

289.403

251.724

218.629

204.545

180.577

172.548

165.415

161.319

150.503

349.269

257.453

249.52

239.605

232.395

225.526

219.612

206.456

181.485

306.19

241.967

216.419

193.153

180.056

170.441

166.181

163.481

160.332

364.521

301.69

288.521

242.158

231.178

221.199

212.404

210.893

208.933
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——28-T-72.43%
—a— 26-T-78.00%

24-T-T1.33%
—a— 22-T-TT.82%
—— 20-T-71.60%
—e—18-T-79.56%
——16-T-70.19%

initial 1hr 3hrs  1day 3days Tdays 14days 21days 28days

Fig.6 Graph of force delivery (grams) of Tuff elastomeric chains through 28 days
(The percentages represent mean ratios of the original lengths of tested elastomeric chains to the distances which they were stretched
at 28, 26, 24, 22, 20, 18 and 16 mm. distances at test commencement)

Table 3 and Fig 7 show the results of mean force  tested of elastomeric chains were in range for canine
delivery of 3M elastomeric chains at all tested canine  retraction, from 350 grams to 100 grams through 28 days
retraction distances. The mean force delivery of all  of the study period.

Table 3 Means and standard deviations of force delivery from 3M elastomeric chains used for canine retraction through 28 days at 28, 26,
24, 22, 20, 18 and 16 mm. distance.

initial 279.493 322.457 277.446 319.739 228.53 325.15 264.905

1hr 223.582 255.536 215.535 261.48 218.621 251.956 224.932

3hrs 212.585 236.57 208.526 244.632 213.698 224.354 210.078

1day 201.669 225.52 203.497 231.643 208.369 220.068 183.049

182.594 217.599 189.374 217.789 201.573 208.753 168.818

7days 170.48 202.397 177.478 208.435 190.15 201.522 153.811

164.585 195.381 170.267 189.535 182.609 183.524 151.205

158.496 182.456 163.587 177.518 171.225 178.244 150.529

149.577 174.435 158.44 170.383 157.226 175.409 148.709

W

6
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350 -
300
250
200 +
1580
100 +

50 +-

initial ~ Thr 3hrs  1day 3days Tdays 14days 21days 28days

—e— 28-3M-75.32%
—m— 26-3M-72.46%

24-3M-78.50%
—u—22-3M-71.23%
——20-3M-78.35%
—e— 18-3M-70.83%
—+— 16-3M-79.68%

Fig.7 Graph of force delivery (grams) of 3M elastomeric chains through 28 days
(The percentages represent mean ratios of the original lengths of tested elastomeric chains to the distances which they were stretched
at 28, 26, 24, 22, 20, 18 and 16 mm. distances at test commencement)

Table 4 and Fig 8 present the results of mean force
delivery of Chuangxin elastomeric chains at all tested
canine retraction distances from initial placement though
28 days of the study period. At 22 mm. and 18 mm.,
the mean lengths of Chuangxin elastomeric chains used
67.95%, 84.86% and 64.83%, 83.06% of the maximum

distance that the elastomeric chain was stretched in the
tests, respectively. Most of the mean force delivery of
all tested of elastomeric chains were in proper range for
canine retraction, 350 grams to 100 grams through 28

days of the study period.

Table 4 Means and standard deviations of force delivery from Chuangxin elastomeric chains used for canine retraction through 28 days at

28, 26, 24, 22, 20, 18 and 16 mm. distance.

initial 217.49 261.47 231.59 285.40

lhr 169.42 202.57 174.54 228.60

3hrs 160.48 194.40 169.52 220.69

1day 147.62 182.46 162.50 209.49

3days 134.57 174.48 153.41 201.67

7days 122.69 168.54 143.55 189.47

14days 117.60 161.45 138.56 181.34

21days 109.41 153.48 132.54 175.61

28days 101.55 146.45 123.62 169.36

191.43 228.62 325.09 170.19 244.09

139.59 193.41 251.03 127.88 212.00

131.64 179.4 232.12 125.01 179.96

124.57 176.56 223.23 123.08 164.97

114.54 168.38 199.63 112.76 162.42

109.5 159.65 198.18 110.2 150.98

102.54 148.54 186.23 107.37 139.95

99.58 139.46 182.29 104.54 139.01

96.68 132.48 177.91 102.08 137.06

‘
~
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350

300

—e— 28-Ch-78.86%

—=— 26-Ch-71.81%

250

200

24-Ch-T7.79%
e 22-Ch-67.95%

150

—— 22-Ch-84.86%

100

—+—20-Ch-74.70%
—+— 18-Ch-64.83%

—— 18-Ch-83.06%

50

0 T T T

—— 16-Ch-72.94%

initial 1hr 3hrs  1day 3days

fdays 14days 21days 28days

Fig. 8

Graph of force delivery (grams) of Chuangxin elastomeric chains through 28 days

(The percentages represent mean ratios of the original lengths of tested elastomeric chains to the distances which they were stretched
at 28, 26, 24, 22, 20, 18 and 16 mm. distances at test commencement)

One-way ANOVA was used to compare the mean
force delivery among different groups. Table 5 presents
the statistical analysis at P value < 0.05, showing no

significant differences in the mean force delivery among
all groups during the study period.

Table 5 The comparison of mean force delivery among ditferent groups.
The mean difference is significant at the .05 level (* < 0.05 level, ** > 0.05 level )

Brand

Dynaflex

Tuff

3IM

Chuangxin

Dynaflex

kk

kk

*%

Tuff

k3%

k3

3M

sk

Chuangxin

ok

*ok -

Discussion

New generation elastomeric chains have
recently been introduced in orthodontics by a several
companies. The elastomeric chains can be categorized
by configuration into: continuous (closed) and non-
continuous (open) chains. The non-continuous chains
can have interloop distances as open short (short space
between rings), open medium (medium space between
rings) and open long (regular space between rings).
The open short configuration of elastomeric chain
was chosen to be tested in this experiment because it
is an intermediate size and is most frequently used by
orthodontists for Class I, intra-arch force.

Elastomeric chains experience a rapid loss of
force due to stress relaxation, resulting in a gradual
loss of their effectiveness.®® In a previous study by
Poolkerd et al.?”, the mean length of Tuff and Dynaflex

58

elastomeric chains generating the optimal force (100-350
grams) for canine retraction was approximately 70 to 75
percent (at 28 mm. distance). However, the molar-canine
distance was reported to vary according to studies by
Andreasen®, Wong® and Nikolai.'” In the Orthodontic
Clinic, Faculty of Dentistry, Mahidol University, the
canine to molar distance was between 16.4 and 28.3 mm.
As such, the tested stretched distances in this study were
assigned at 28, 26,24, 22,20, 18 and 16 mm.

The test result data were recorded at initial
placement, 1 hour, 3 hours, 1 day, 3 days, 7 days,
14 days, 21 days and 28 days to study the force delivery
from elastomeric chains through a 28 day period because
the 28 day period is the usual time to recall the patient
to adjust the archwire or change the elastomeric chains.

In this study, 28, 24,20 and 16 mm. of the maximum
distance that the elastomeric chain was stretched in
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the tests revealed an equal number of loops for the
Dynaflex and Tuff elastomeric chains with almost equal
percentages of mean lengths (72 percent which was
between 70 to 80 percent of the maximum distance that
the elastomeric chain was stretched in the tests). This
resulted from the fact that Dynaflex and Tuff elastomeric
chains had almost equal internal ring diameters, external
diameters and interloop distances and made of similar
elastomeric materials. They both were longer than 3M
elastomeric chains for the same number of loop and shorter
than Chuangxin elastomeric chains. The Chuangxin
elastomeric chains had the largest internal diameter,
external diameter and interloop distance, while the 3M
elastomeric chains had the shortest internal diameter,
external diameter and interloop distance at a similar
percentage of mean length (78 percent) but 3M
elastomeric chains had more loops than Chuangxin
elastomeric chains.

At 26,22 and 18 mm. stretched distances, Dynaflex,
Tuff and 3M elastomeric chains had the same number
of loops, but Chuangxin elastomeric chains had less
loops than the other three trademarks. The mean length
of Dynaflex and Tuff elastomeric chains were similar
at about 78 percent of the maximum distance that the
elastomeric chain was stretched in the tests, but the mean
length of 3M elastomeric chains was lower (71 percent)
than those of Dynaflex and Tuff elastomeric chains.
The result showed that to achieve a length of elastomeric
chain between 70 to 80 percent of the maximum distance
that the elastomeric chain was stretched in the tests,
may not always be possible because of the limitations of
internal and external diameters and interloop distances,
fixed by the manufacturing process. (Consequently,
the tested mean length of Chuangxin elastomeric chains
at 22 mm. and 18 mm. of canine retraction distances
could not be cut at 70 to 80 percent of the maximum
distance that the elastomeric chains was stretched in
the tests, but instead used 67.95%, 84.86% and 64.83%,
83.06%, respectively).

The result of force delivery from this study showed
that most tested elastomeric chains from Dynaflex,
Tuff, 3M and Chuangxin at 70 to 80 percent of the
maximum distance that the elastomeric chains were
stretched at 28, 26, 24, 22, 20, 18 and 16 mm.
canine retraction distances generated an initial force at
approximately 350 grams and at the end of the 28 days

period, the force still remained greater than 100 grams.
This result was similar to the finding of the study by
Poolkerd et al.?” Our findings were slightly higher
than those of Rock et al.'? who recommended 60 to 66
percent of canine retraction distances (the maximum
distance that the elastomeric chain was stretched) to
provide the desired force of approximately 300 grams.
Baty et al.'” found the elastomeric chains in their study
required 64 to 66 percent to generate a force level of
300 grams. However, Taylor®" studied elastomeric
chains from various manufacturers and found that the
mean length of canine retraction distances at 40 to 66
percent generated a force level of 300 grams.

All elastomeric chains were synthesized from
polyurethane polymer rubber, but their formulation and
other additives including catalyst residuals, antioxidants,
lubricants, solvents, and trace impurities depended on
each manufacturer.® '” In addition, differences in
mean length of canine retraction distances from various
elastomeric chains could result from the effects of the
filler material used in tinting elastomeric chains and
variations in manufacturing technique, including quality
controls of this process that may affect the amount
of force delivered. The filler material used in tinting
elastomeric chains, also can affect the force delivery,
as reported by Baty et al.!”, who found that colored
elastomeric chains and clear chains provided a higher
initial force level and retained more of the original
force after one week than the grey chain from the same
companies. Young and Sandrik®? and Williams and
von Fraunhofer (cited in Baty et al., 1994'9) found the
configuration of the chain, namely closed loop, short
filament, or long filament, appeared to affect the behavior
of elastomeric chains. The shorter filament chains
generally provided higher initial force levels and
retained a higher percentage of the remaining force than
the longer filament chains.

The result of force degradation of Dynaflex,
Tuff, 3M and Chuangxin elastomeric chains was similar.
The greatest rate of force decay occurred within the first
hour. In the first hour, a loss of 7 to 35 percent of the
initial force was observed. After 21 days of the study
period, the force in all elastomeric chains remained nearly
constant over the time investigated. These findings were
in agreement with various studied!-3-7-3:19-19 reporting

that elastomeric chains experienced a steep decline in
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force, ranging from 40 to 50 percent during the first 24
hours. However, they were inconsistent with the study of
Josell et al.' reporting that after two to four days, the
rate of force decay in elastomeric chains remained nearly
constant throughout the observation period.

Previous study by Poolkerd et al.?” reported that
of all tested elastomeric chains, the greatest rate of force
decay occurred in the first hour. After three days, the
force remaining in Tuff’s elastomeric chain remained
nearly constant over the time investigated. In our study,
after the first hour, the force remaining in Dynaflex’s
elastomeric chain remained nearly constant until seven
days of the tested period. Between 7 and 14 days of
the time investigated, the force decreased again and
after 14 days, the force remained nearly constant over
the time investigated. It could be possible that the
discrepancy of force magnitude depended on small study
sample differences such as brand of elastomeric chains,
number of elastomeric chains, variables controlled and
environment in which the elastomeric chains were
tested.

This study found some tested elastomeric chains
that provide the mean initial force were higher than the
required force. (Table 1 and 2)

However, within the first hour after initial
placement, the mean force delivery from all tested
elastomeric chain decreased to the proper force range
for canine retraction (less than 350 grams). In clinical
practice, it has been suggested that prestretching the
elastomeric chain before placement should be done to
avoid the high initial force.® '''¥ Brantley et al.!"
found that 100 percent prestretching of elastomeric
chains in distilled water at 37°C, for 24 hours, would
achieve nearly constant force levels required during
clinical use. Williams and von Fraunhofer (cited in
Baty et al., 1994) also looked at prestretching effects
on force decay at one week, prestretching chains to 100
percent of their original length for ten seconds before
loading. Their results displayed a statistically significant
difference in some prestretched chains compared with
the controls. Prestretching effect is an interesting aspect
for further studies about different percentages of
extension, duration and rate of prestretching that affects
the level of initial force and optimum force for initial
force delivery from elastomeric chain.
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The Dynaflex, Tuff, 3M and Chuangxin elastomeric
chains can be used at 70 to 80 percent of the maximum
distance that the elastomeric chains were stretched at all
molar - canine distances for planned force for canine
retraction. Distances higher than 80 percent of mean
length generated forces lower than 100 grams at the
end of the 28 days (i.e., of six loops of Chuangxin
elastomeric chains at 22 mm. from the 21st to the 28"
day were 99.58 and 96.68 grams respectively). When
the length of elastomeric chain could not be selected
or between 70 to 80 percent, this study preferred using
a length lower than 70 percent of the maximum distance
that the elastomeric chain was stretched. These imply
that in clinical treatment, the orthodontists should use
the Dynaflex and Tuff elastomeric chains 3/4 of the
maximum distance that the elastomeric chain was
stretched for optimal force of canine retraction and
the 3M and Chuangxin elastomeric chains should be
used at 2/3 of the maximum distance that the elastomeric
chain was stretched for optimal force of canine
retraction.

Conclusion

The result in this study showed that Dynaflex,
Tuff, 3M and Chuangxin elastomeric chains for lengths
between 70 to 80 percent of the maximum distance that
the elastomeric chain was stretched in the tests, generated
appropriate force for canine retraction throughout the
28 days period of the study. When the length of
elastomeric chain could not be selected for between 70
to 80 percent, this study preferred using a length lower
than 70 percent of the maximum distance that the
elastomeric chain was stretched.
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